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WD 2007/ 045887 PCT/ GB20061003901 SUBMERSI BLE VEHI CLE
The present invention relates to a subnersible

vehicle; and to methods of operating, docking, and
captooyésggzsuch a vehicle. It shoul d be not edethvas2dstoeson:
this specification the term "subnersible"” is

i ntended to cover surface vehicles which are only

partly subnErged MERS VEIUCGKAY | as vehicles
or any ot her

whi ch are f ubnerg
Thq giseery e o1 Felaige &0 amlgm@ﬁ%})gatvglaﬂ&a%fq sielieds of Gpgating,
dc&kﬁ@%ﬁl biey:hﬁyucmlalﬁﬁrcle Afshbultl BE Adtkd RASHABE specification the term
erwater_vehicle is described in US5438947, The
Sv ?r le” ifatendad in spyes seriaes (ypieles Whick A gl rarie submesred Wwheo
infudél Aetvedl Qs %'Iﬂlés%m&}hﬁe A1) g"&%rﬂér@&?ﬁ-ﬂv@dﬂer%r d)Qther hqmd) when in
vehicle. The vehicle is ned with a | ow aspect
usg o hginyention glsp éei%tﬁﬁew@éﬁbr@frr@bheéox glideel at 10 high
speed. A first aspect of the present invention

AP lig¥ingle faseees UidBRxtdd | \Rhi¢RNs CdeSeribad 117 a3 gatt7er Thalhbhicle has
whi ch defines a hull axis and appears substantlally

a?ﬁumsa?wwf‘é‘nﬂwhév@asag%ow& % HECHUI conge] dhe goiag directon of the
vehidlee ' THRI veRicielib %eﬁ%fébl hith ARk RHAY radiodH Q:haM@ 'tlﬁ-hrehl%lqu ®fdvel at
.at both ends so that when the vehicle is subnmerged -
highspged- i qui d, the liquid floods the duct, the vehicle
further conprising 15 neans for roIIing the vehicle
A PP o 8 e i BeSShS Yo  ven
wlﬁ@va&ﬂmteg & Mhull Qkis adar @if;edas ButRtalifidlyl dnvuief whey @iewea %Ib‘hg the tull
y roll symmetrically about the hul

_ yehld
g IR of ) SHeHIEs SaOIRE Aivet WOER SoRSInH bath e P hat when the

B8 e SubniRRfell if Wl 1QbidY the lighlaSndoB D tHe Qubll 113 RMicTeY
Veoffseglgggﬁlt he ﬁ‘d¥ gxﬁs 20 Cbnvga§|oﬁgﬂ%y‘mgﬁﬂ(mnmnmng

megpor wineshe yehidinghont the fugbe has been consi dered to be
undesirable because it results in a vehicle which
can be unstable in roll (that is, rotation about the

Whetty ¢t I)ISC ﬂlbl@%lﬁ\ilermayt eoilay ﬁﬁ.ﬁlﬁihc dea tl’uﬁﬁggmbszﬁ% bﬁbakvoluhon, or

S5 P L R TS Ve o AL b e o s,
or BN eNDIBYUE tHéQﬁic’é? e eckBdri€ afinke, gﬁﬂeﬁhaﬁ‘lﬁ BheSERGE of Slavity is

es angular nmonment um and offers greater
°ﬁ¥$§ %@% Wllaxisy 25 consequence. Furthermore, vehicle.
roll may be conbined with prevailing ocean currents.
to generate magnus forces which serve to reduce
Corvattgmally,ds isiibstantially fanoulet Bieapaxias ibn tdodsidered to be undesirable

because it results in a vehicle which can be unstable in roll V(that is, rotation about the duct).
However, the inventor has recbgnized 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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vehicle, in exchange for increases in hydrodynam c

[ift or down-thrust, as would correspond 1 WO

2007/ 04-5887 PCT/ GB2006/ 003901 to the vectors of

ocean current and vehicle roll. Such reductions in
PRAEPASE i ft can be val uabl e where preci sePtTGBI06/003901
navi gation of the vehicle between two or nore way
toPiBE Rb&ors of do@AUEIRAL afd $&hicly B, CREcH Rlhctodd iPfiteral drift can be
utilized to achi eve two di nensi onal scanning of a L
valghleophere iesise BRRgatial o dhe grliclp rbesurmbi it PoMOY 4y points is

reg&ifh%.a A1 4R AIRE bt DELMER] ShRvaXSdiRnYbial s&8fng ofYsensor,

sensor device to capture information froma L
where cetinuensrrel dm sefubiartion wiflulieser wotion alphg thardiiche ofis is utilized
. I . .
o] SRSk PRE sl Sl bW 4 ARG PHR . T
widif iireneptorgulan figld ¢feridveisgeternphed brethe ooigainglelof thefseabrin which

RVIN=I ey L&n Ogﬁgﬁ V8 view i
thg fseligﬁg %v%%ecs: ﬁg?"%ﬁ’ga Eflghé gqnlkayth% %n% ec oifilevv};e ] sélfb{iéelﬁ dgfl view 18
degenmimad by tHedemeth hfiaxidl@@yvellmdthe vehimte. eRtperally ¢ softot Wiwld subtend

t nsor. .devi ce sen . may. 10 capture .
e T e 8 R B BT o Bl B B somsor ey
captoe ipfoajetidnelsbybnd [ 80°aid wb aw360H | Ih thie caenihe projecsed field of view

around .t he two dj nensi onal pl ane subt ended he ., .,
wifl i Bt tpurtd, B B Ao Bof TR B obd Srgte's ol
maldvl de seapiniéamptiaing skilofdSNRCAHRAGUR RN Sfnchidnous manmner in

relation to,its . ul ar, attitude, so that si%cce sive

relpfiqne o Hapoguar Bids: 5 (it SBeETSiNGe ingSelY thegtorpef with accurate
1efQEMBE BetivB@Mhed 18 alYr€tRET QEbRINGH] SBIHetic SMBIsRLIfGhe sensor’s

extension of the sensagr's 15 aperture in two )
DYWL S Bh Smensinoniie FEHCH) WuFtiaBleerrprestiag of depser data. In this
patRRIEO x 4R3I onkNot MheS limPRg! ERMr@lonCYRIRINE@NE: nthdli® aperture

Limti _nglﬁ actors_on performance in synthetic aperture
Prasesgssi ngp PS reselision foepansy of inaspupdesn hefeeys ostimated and actual

vehiBRGEHERE hESuoREEMRE Bark iR heHo 2 Nd Q%Hs%hueg\é@ ’%d.scﬁ[as?stems have

posi'tion throughout the "data capture period.

. intridiesd Joefielenayigehion peeipmentianiecredse theoahsorady itmathichahe vehicle’s ™

At ' : :
polif] &' ARIFLMY B Hmd: Gy, PelREEPARLIAAT AL LR T chon. powever,
adags instead e dess Ppsifyemdaore rlvgdit iesigrs thef impreves ilvebrsicotrbility of the
opt in d | ess, gost.l v and. e o s
vl SRy Shereps BIOR' el B Brne iRy BORK rERin IS pyeny of arit in
eithieh erehiviehpositien by ditiimie adthng tetursenputanplen vemdction andstimation
therefo reduci nqg.the extent of drift.in either
algQRS] o TS 1 M PRTCTHig FPRATEMGATE HBHFToRD OSIops veigs means are
pro®ided Fe xoetey] bE edHi €8 rddl abost théict,aRd oftlef€lEmblfBE atifbidScontiol.
the preferred enbodi ments descri bed bel ow, vari ous

neans are
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 mote 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,



25 provided for control of vehicle roll about the
duct, and other elenents of attitude control. The
nmeans for rolling the vehicle about the duct may be
for exanple a propul sion system (such as a twn
thrust vector propul sion system; one or nore contro
surfaces such as fins; an inertial control system

or, buoyan captrol. system whi ch | ved .0 pokt .
Asofiscsd KA P RB b TG AL GE: P IBIR dsfifOf by axis and
appef¥s %ﬁbﬂéﬁﬁi@lﬂ)@ Wh%ﬁﬂl_ Ié;]ISWH?I_S wietved ?aiﬁ]diilgethv E}iilllczixﬁsa higey inegionnf the annutus

oute uj | iC efines a hu i s.and. ear o
d_cﬁnwwsﬂiugwhﬁh [S,PP&H Ao S @h@ﬁtﬁww o REPPRipgd In  iquid, the
liqui@Rbsds thd\ict, HeSkhRle ffthel BEmprivig Alsuoyalelicohtig sgsteuct

which is open at both ends so that when the vehicle

is submerged in aliquid, the liquid floods the

duc he vehicl.e further conprisi y .
Atsogflise] "Gy SR RocisistChraRER! pReL Rl pRUBAAREK o hul axis and
appee Bubdttiady hngilanwhet eiewhd lalonghthe hull efisnés iatehiot bf the annulus

axi s.and, . appears supstanti gl anpnul ar. when,vi ewed .
defingie it R Pt Lo arde ph st Vb BF VBl B fipfls 2o o tiquid,
the 1d@fdi fldoag (iR EiE twinddis Bt Jesst Akl die duadrhudridswan withatespect to the

1en the vehicle is subnerged in a liquid, the
hull #Xi&, i d f1 oods the duct, wherein at |east part of the

outer hull is swept with respect to the hull axis.

Al'so disclosed is a subnersible vehicle having an .
Alsoatidchrsedisl 4 sutimhartibld efehicleshaniriguan owtsri knllawlich alofieesras hull axis and

subst ant.i al | nnul ar_whe i e
apPegLs i %g?ﬁ%ﬁ?ﬁ¥%ﬁ%ﬁ?£%&v? gggﬁﬁgﬁ@ghﬂgggghlndngﬂgt8¥ﬂxzwﬂmhm
definipi £ludt svhivhes opdn Hdbth e so gat tvhat thatvehick hesubetergsden a liquid,
-, is.sybnmerged in | i qui the |liquid floods . the .
the it HogRafie et nlersn tho sl 55 ol o Sesid I fggimum outer
diambRX Bradimalbeke hill 0% ad Wherdi thelratioBY$ & drediér thad 8.5.
and wherein the ratio B2/S is greater than 0.5. The
relatively large dianmeter hull enables an array of

. . d
The |48y JHE RURAATR 1Cat ity FRABRE mdfe Sikorkiy boSel space
apart bre thef idle provédiag ailarge sénsph baseBeg do thia wasythe pidectize aguity of the

in_proportion : epgt ' :

sensty g SRR Clh pBpdfin |GG DY of i PRREBEsclAE At e reaively
highriatio B pivies & iy matitr af) liftessain|dragy cnbldingethi oehbicteotope operated
ﬁiggﬁrated. efficiently as a glider. Also disclosed is
efficiendy g58.200% e vehicle having an outer hull which

defines a hull axis and appears substantially

annul ar when viewed along the hull axis, the interior .
Alsogfiscldsed dnm giteersible 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.



defining a duct which is open at both ends so that -
when the vehicle is subnerged in a liquid, the
liquid floods the duct. 3 Also disclosed is a
propul sion systemfor a subnersible vehicle, the
propul sion system conprising two or nore

axi -symmetrical drive assenblies housed within a
flexible substantially annular jacket. Also

Also, gﬁcﬁgﬁe 1'% aﬁi/ I‘cf)ﬁod)ure ! hggste?% lio P ?ubmegslb% <l gﬁer Stfle I]?goa)u%swg system
wmﬂiﬂngﬁwaﬁﬁmﬂﬁlakﬁmﬁﬁcalﬁhms@ﬂﬁm haisaywitida Ia;ﬂe&ﬂ:&t subgtantially

1%¥ ﬁgﬁlve assenblies axi-symetrically so as to
anmigg the vehicle through a liquid. Al so disclosed

IS a subnersible vehicle having an outer hull which
defines a hull axis and appears substantially
Alsoadinelpserd w?emeﬂnpév@fdowzﬁmg a ebingrkibleayghicle thawini rtW@r‘ProIFlOTe axi-
e [
mebalf B S s Bh R u OB | BhhptEing Nl Reati fhe drive
asserlnbhm;laeu S}tnhleetrlballbwocthtb prmtsl therzeldele throwghd: laquidvi n
t hrust vector propul sion system conprising one or
nmore pairs of propul sion devices, each pair

AlsoCRIINsES 8 sébohdréible RORRUAAiNar %ﬁmm&iﬂes a hull axis and
mounted on a first side of the hull axis

appeg@csyhﬁarﬁwﬂb analan whew vieved; loneaheyhubotie. dbe SHietiot of the annulus
(ﬂ{ét Fhidfi cf‘ﬂé)en ESog Blds s8 a8 wRAPHRS IV&IEC]E % ﬁhﬁelfgleﬂ il a liquid, the

si on Typi cal l'y each propul si on _dévice
hqm@ ﬁn@dsahee@lca andh p st thiaist wetonbiophlsien SySHRE YRIRPRSINE One O MOre pairs

of pﬂoﬁﬁig?ff Bgﬁ%egaggipaﬁr}:%n%%g?%aw @‘H&(the \g/;@x)é&eec g@ﬁﬂly mounted on a

first mbmﬁm@l hgbaxihand & second ppipulsion st pisiptalix inousicd ema second side of
. fer hul | axis. The
m@hB?%%uPéPSE g5g%é§ﬂﬁéﬂéll&gfor exanpl e, rotating
propellers or reciprocating fins. The propul sion

devi ces may he inside the duct, or outside the duct
Typigally caelt orRRHISIAPt AeYifRe gsaewies Rufrust Avagoryivdirlps@n pg varied

mde&nﬁéﬂ?l%f %@étﬁer&@b)’ptﬂ&blg ﬁém&%@ P90ty s BSFcd L’I'y']tucﬂﬂv &Rh device is

definés a hul axis and ppears subst ant i
mougfah v that iiren PWGéﬂb@Jtallncﬂ@Fg? atiqe angle| (prglarably t9ﬂe} tp behylpaxis. The

propﬂglgﬁ h&vﬁ:@.ﬂ S e d ﬁ;r' ij Jlél ﬁi)%ﬁﬁﬁlg V@bﬁ@lefss oP R Iﬁf:atﬁigt fins. The

S so that “when 't I'ide S sub nerge in a
prophlsiquiddyicesthay bé qm@ tht dl:}fd:s or pgside the, durhbutfesipfapmplngith the outer
hull COMENt S apply to all aspects of the invention.

Also disclosed is 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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4 WO 2007/ 045887 PCT/ GB2006/ 003901 In preferred
enbodi nents of the invention, the duct provides a | ow
bow cross section area to reduce drag, while further

q,g(igmy,@g%tl on is ensured by reduction of ingue8as6m03901
vortices that would otherw se be nore

signi ficant when induced by a conventional planar
Invﬂrcfgz;rectmnltodtﬂlefmltsarfehcsmahﬂtiohzthe degt Ip&ngﬁﬁﬁﬂdiw bétrecrovalsk@ion area

oGy ot o8, Fresh LR PR Rl il s

vdi)tﬁcehl lﬂ&td “hﬁlda:ﬁlselfrﬁise EB Qldi’ftg ipgifican® fwhi Q}d\wegii B & cbl’meﬂthkﬁﬁl planar
e | urt her aadv ta (0] t he uct S

WIS taithiane ﬁézir&ﬁeweg@mp 373'5019@# SIE hagv?t@éf’syw%m %ﬁwped 50 as
gehmeg}my@nﬁcaﬁﬁ Y arl GRSt idis, wRR@hay 6 G928 1@BKRI the motion

g&lrl g esent a relatively snooth conformal outer
of &y yehiic cli@gfdes to reduce the risk of damage or

| oss through |npact 10 upon or entanglenment with
ot her underwat er objects. Enbodi nents of the
A furthentdventagy dvﬁhd duct is thas !;tqontsh"arkﬁuya (awhak @ropplsohi degi ces) can be

t.h | ncrease S i t he vehi.cl
nolll bR 5 e iR o Yt ol gt f Ay oot
conﬁomgﬂ outell kllrﬁlcad?\olacﬂi BEES ma;edb@: the skl giedhneist beloss through impact
reduced cost ngﬁﬁ% %or a %ghlcle Wth simlar
“PW§3FBEW PRILVAGL Ot Syeeper di ve capability
wher e elther annular hul | or toroidal 15 pressure

vessels contained within the hull will provide better
Embedimenisnefe theoinyertion prgvide rae sehstantiallphenrlee t profile wigh increased

str&clt’l!r%lyrﬁt{l yoﬂhﬂeng&lllpa?& iB %rtﬁersogasédté h%&%@?ﬁoq%[ ﬁla{uﬁ' wings.

unni ng
TbiEIvévdxlage mmybeateslized ritherde rsdhmbck oot opmaksfot @ \&h&lestntb similar
hy&}otg ig arametéé%gfr) dr}/ \a merc er f Htgnl% Y %er C%I ﬁlﬂgor toroidal

pertTor nce Cco |on

pressuveveksebrzonialed mdinkihe hiﬁ]smﬂ ﬂ]ﬁdd&)b’etmat)emhénoe xabjktng stresses.
with 20 reference to the acconpanying draw ngs, in
which: Figure lais a front view of a first propelled

i t . .
R BRGCLE Ml ke PUBRE S o OB A6 s ply oy i ol
runyisljaking itsdkmeath. alﬂm duat Im@yml*d ingluile slatschr aoun tp assist eemodify its

hyd%od%n!nﬂlc pF LM Bechandrr certain performance conditions.

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

reference fo the accompanying drawings, in which:

" Figure la is a fropt view of a first propelled- vehicle with ifs 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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WD 2007/ 045887 PCT/ GB2006/ 003901 Figure 2a is a
front view of the vehicle with its propellers in a
second configuration; Figure 2b is a cross- section
of the vehicle taken along a line AAAin Figure

P87 s a rear view of a second propel | EST’GBMWOO”M
vehi cl e; Flgure 3b is a cross-section of the vehicle

rizaken iah gpgt v?evd' bﬂﬁe ‘@e‘hﬁlé Ridr! EtQ oﬁel%rﬁn a seeokil géﬁffgu#aﬁoh S
a rear view of a third propel vehicle; Figure 4
IS a cross-section of the thlrd propel l ed vehicle

t aken .al on a; ,Fi IS a
g5 B 153 Pofteta tEie Goefeuretlone e ang Tk e o
in Figure 4a; Figure 5ais a front viewof a first
glider vehicle; 10 - Figure 5b is a side view of the
Figinedn igy feariew efi scend propealled welide;i s a pl an vi ew of
the first glider vehicle; Figure 5d is a side view of
anot her glider where feathered vanes are included
Fighre Bb s SbrBsSectRRM thelveRicR! 18MALIRRS 1IRE ALA G RBRI3YS;
igure 6a is a perspective view of an alternative
pressure vessel; 15 Flgure 6b is a side view of the
tive.pr ure 7 is a
Flglﬂt?ga ¢ rlce\l/rgnéJI gti\? o’frgg??psl??% V“#‘}lqetl;:]ve attitude control
.system 6 WO 2007/045887 PCTI GB2006/ 003901 Fi gure 8
is a front view of a fourth propelled vehicle in use;
Figyrg dp és geropsssegtion efgbe Sird wrenelied vehirte fakensaloner plied Aedin Figure
myehlcle taken along a line A-Ain Figure 1, in the
process of docking; Figure 9b shows the vehlcle after
docking; 5 Figure 9c is an enlarged view showi ng an
i nductive electrical recharge system ure 10 is a
Tigpe 461 a¢Eesssertion ngﬁhﬁ gelaric fakerplag p bae %&w%
structure; Figure 11 is a schematic view of a tomed
tethered vehicle with a further alternative docking
Figtre bcitsarfent view of a first glider vehicle;

‘Figure5b is a side view of the first glider vehicle;

Figure Sc is a plan view of the first glider vehicle;

Figare 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 perspeclive view of an alternative aftitude control system;
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Figure 12a is a front view of a glider vehicle; 10
Figure 12b is a side view of the vehicle; Figure 12c
is a plan view of the vehicle; Figure 13a is a front
i S WoRhass,f ourth propel l ed vehicle; Figure 3gdeseiozon
side view of the vehicle; Figure 14a is a front view
of a second towed tether vehicle, 15 Figure 14b is a
Kigyre 8 efonfvianhef adetriticprepelleil yaltiele Iibesej s an axi al vi ew
of a toroidal buoyancy control system 7 WO
2007/ 045887 PCT/ GB2006/ 003901 Figure 15b is an axi al
Kip@re901s worbilsédtioh obHhe Yiad ot VeRicle3i&h Gng Ri1GHMEA LR Gigure 1,
is a side view of the systemof Figure 15b; and
1ihypreressif dpgings sect i onal  side view of a further’
buoyancy control system Referring to Figures |a and
| b, a subnersible vehicle | has an outer hull 2 which
HigreYoshoed theSrehicterfiar dekingar f1 ow hydrofoil profile
(shown in Figure Ib) as a body of revolution around a
hull| axis 3. Thus the outer hull 2 appears annul ar

s axved : A%l : I n_ElLaure
R el By St it B el s
which is open fore and aft so that when the vehicle

IS sybnerged in ter or any other |iquid, the water
Reorolids o5 S’iiﬁf’@f“’ﬁl\g‘l‘?a'”’fg] a&ﬁﬁe@ﬁ?ﬁ,@ﬁhﬂﬁ % as the

vehi cl e noves through the water, generating 10
hydrodynam c lift. As shown in Figure 1b, the :
Figyeir I9fio i Ischomefis Viewtodp érveeddethwad bhiclgwith udhither ht@nathre docking
iR aw bow end 6 to a widest point 7, then tapers _
Inwardly nore rapidly to a stemend 8. In this

particul ar enmbodi ment the w dest point 7 is

positioned approximately two-thirds of the distance
Figaieida i a vt pisw of pelideraiehiclends. The parti cul ar

hydrof oi| section may be nodified 15 in variants of

this and other vehicles so as to nodify the

Figmef12b & sesidesvien of thé tehi€l;ag and pitch nonent in ,
accordance with a particular range of flow regines as.

‘determnhed by the appropriate range of Reynol ds

Fig‘%gﬁ?%’%ﬁﬂg%;ﬁéWXﬁ%V&g&&d wthin a variety of
Figui_‘e 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;
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A pair of propulsory 9,10 are nounted symetrically

on opposite sides of the hull axis. The propul sors
conprise propellers 11,12 which are nounted on

L- shaped support shafts 13,14 20 which in turn are
WL EHS8d the hull in line with the w dest PeI/AB06/1003501
as shown in Figure 1b. The propellers are nounted

S B oA S PRI ¢ 1

pivotally nmounted to the hull so that it can rotate

Fb 3%0 degrees relative to the hull about an axis
b%]f% cdf 2 fige iRy of thespstem pEFigrred s apdhi cl e, t hus
~providing thrust-vectored propul sion. Both the shroud
and L-shaped shaft have a hydrofoil 25 section using
Figureat5dds bedctieshsidbhgied df e figther ingategicghittol systérh.ar t o
that described for the outer a. WO 2007/ 045887

PCT/ GB2006/ 003901 hul |l . Thus for exanple the

I y . '
REELRELS PlogreS 18 ax%ﬁfb, Q_@uﬁn%_trﬂig ¢ }Qﬁg\i‘gﬁ%m{ (E.E‘;t‘erﬁlﬁﬂ \%'qvlplgﬁ{ & gvoived

configuration shown in F gures

fromp @yarpingn dlayehdrefril wantils Gheven indFigire bl astafbedy viieialitéon around a
h : lanif] ' i

O, YD St a2 Sl i Syich 31w afong the il i asshown
indpguroba. Aningel whil ¢ioé thecamdes ddfipevefiiat Sevitich is apbn fore and aft so

' . r [l axiS..5Arro \A

th%f"%‘uéf“@“%&%“?‘? RLQHRbE S Dl o Syne? ighii TR abeudg Hgods the duc
andr Hows through Rhgudwet 2& thel velstle atmevdsl dwowth tlive wWakdiiligdnerating

hyhfodgﬁ)l l.opa therefore that this particular enbodi ment
use our "notors within its propul sion system two
brushl ess DC el ectric notors to drive the
propellers, and two DC electric notors to drive the
Aq shewa jeliseiegothe hydrafailpreffie tapatsicghwardly eragpalefrim m narrow bow
r e r rive .
o § LRt PR o W Inarf RO Fplany ] Y 5, g s

ragisdlar gmbedimentviberwitlést poist Gris goditivinel ippsdxapatdlystwafihisds of the
- ' such t . NDL. .
i £50AE G pISRA AR, HE DR ERSG. RGP moind

be us

- in vogdts itls enhethet whiclesist las tohmodifit thagoefficitite ofbf,0frsg and pitch

rovide.for a.,mni of ope oop pitch or yaw '
mokfin P abcodangt sl bertielag keeR o h-_‘b"? HoSiEgS % @sieined by the
approgrittetinfosiBarydolds michiseroRmtnay afvahy dibilyamies of applications.

pressure, where greater stability is 15 achieved by
greater separation between these centres. However,

A SIS R0 LA b R e
propulaens gbmpriset reepellersdil , 18 vavieh) art Inetunted yn Beshepedsuppatt siatth 13,14
whichSn ¥&0 Lx%lrgc')uilte%rtg TR TN 1ind w1k We v!fiﬁes% %&Jﬁt 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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ci rcunstances stability may be-sacrificed for agility
by operation of the vehicle with its CofG at or

.behind the centre of hydrodynami c pressure.. Simlarly

1 Libon of the 20 propul sors may be adj ;
g??ﬁgﬁﬁﬁ%?mard towards the bow, or rearmardsyﬁgﬁgggwmwm"
the stem wherein vehicle dynam cs maybe adj usted

il C orfabis n@p Vexarfple htharpraguliot §® canbe Qiotasqu betvedn cleu dedirected

0511@) gﬁ%’lre g’g 8%%%51@;2% ?xy 3“"( w{vl??l? gleg g%)e sk Fotet to propel the
vIRRAS _ﬂ:frﬁﬁrdaﬁlﬂudﬂa;ﬁg accrRilp kb, ©nthe ra:oﬁthar e@ectsar tonggaBddn shown in
Fig\);(ggss %ar E?rtdh?,bn d el@l v%%g};@gg \é%ﬁ(s::g gltg nag ahlGI? go %?ql%olugg é%%l%l@ qu Ihgll axis.
AkbRd vConbigirRs24 N4t ﬁ@v&mfeﬁtocm thBesEiclewAE Qﬁoﬁ@ d in Figure 2a

cal cul at es demand hat stjnul ate t

ilgsiestecinan of Bediauisk db Eﬂllnga ﬁh%‘ff?,lteéhﬁf this Pﬁ%l&%lﬁfd%wrw{i fyses four

msthx% witBint i€ %&blhls\/cﬁlhbﬁte%m - Oy BiuGhiBat D@nexgamstrﬁ&b}sl foY drive the
desired at that tinme. The orientation device

prppréieiadindavg D Plegiria aelass to dive dhelepiped puppert s @en which the

, pr{aﬁhﬁlm@?@oﬁ ate S O@% ' e;e' aexhgzhéﬁﬁﬁél Yorm Qive DA Radu&nﬁ mechanism is

ncl ude a navi gation systemthat
used td transés drwe apd doads datwsen theemor wal ﬁwoéﬁb@s@ giafts. Aliernative
TSR0 A el . o SRUORIL SRl 4 o g
1omheﬁsmnsamnenﬁnhcnﬁngOﬁmsgmamsa navi gati on system

i ncl udes a processing device that operates on data

provi ded by the attitude control system descri bed

Toﬁﬁ@%&e £ B Ghifiieh SRR AP PitclOBt Y0 bild AR veWdRF seeentre of gravity
ecific sensors that prOV|de such data nay al so be

|1E1§’é@te@\quﬁﬂq4 af fee opate ef hydrasmagnpg Q{ﬁsﬂﬁ%,\iﬂﬁm greater stablhty is
ac! cate?LePhr MR wecl BlYesé @&Jtﬂég eHb#eveR the precise location is not

ostat onary Positioning Satellite (GPS) recelver
criffealisinee additiore] ptpbibityemey beyprowidge by @tqlwi FgRSPBieiogtesystem
(mgom&% Gl ﬁ9¥ H%e&j)rﬁl?ﬁe%% Svéiilﬁz‘fé EorbdGeYyddn. I such

errve an estimate o e ve cespS|t|on|n

__citabiteneee stabilityngay hdsacifited fevesility oy wineration of sescvehicinwith its

Oé’I!St Il%ehmrd SDC%HQ ot %dl%Eigﬁsﬁ%iﬁé %?ésﬁ\QQSSmgﬁM%‘ige Posﬂ:ion of the

YVahsti te and recer ves-acousti ¢ signal’s I n
pr@mlsabl hayhbé acsusmlsaﬂhamibrwaeﬂ savwards the b0, arrearwardyteveard the stern,

corLre .transponder .or ¢ ni cati ons devi ces
WL eR TR e Frogh e hed um 1 a

preferred enbodi nent the proceSS|ng devi ce includes a
specific algorithmdescribed as a kalman fil|ter that
Sudls pit igitwsls qonolr sysiami meluéw (é))b% éP‘G‘E@ethBTo@PQSFE?ﬁ ligparagecleration in

thr%éﬁ Riefib on. Qﬁﬁg& %ng(lg e at . t i u%ﬁrgso E\ﬁéldg&efefa‘ﬁ% in - three

e se etice
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 stimulatc 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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and navi gation systens. 15 In this particul ar
enbodi nent the vehicle is designed with a snal
degree of positive buoyancy. The centre of buoyancy
beB be positioned anywhere between a m ni num
éW@OFﬁgyCDfB lies coincident with the centRE/@$2006/003901
gravity, and a maxi numwhere the CoiL lies within

vel\%\ﬂ@ a¥ 8{}‘%&1&& Q‘H?E! ‘Q}fﬁ Eésg t &ogbgneaﬁﬁl\é? {%ﬁ&gl&%é&m%n d preferred

ere the apex o one adj ol ns
empprmenttdf eudhmvwahomeswmneclu@SMc@sm@d@wett}m opgples on data

pro[\)f?%& B?tche %@ttu?] gon%pws%[n J}:g bed (‘:%ﬁ{ zhacllf%o%rother opu?nal data

econeISInCIne art
whitespeadficisapsdrs €st peaideahich dd&emg Iatso dJallnqtlhciEldaVItlfmthe vehicle for

' t vehicle's axi s
no P B el 1 610h Sl L BefBR % Rl g PEing Satellic
(G@pmcat@cﬂdvrce,l’mﬁm €ii)Caks ot hery @bivstie mkﬂonﬁg@pzﬁ @n;mumcatmn
tch.und tatic n ns ,a t her ef or.e
ao S the' SpPickiet ineR o B0 at eRie o B SR s pREESS itude,
longmdlevaﬂ gledayiof rvetient Jmefa&@ﬁbfl‘ﬁ@tab@mu@fh‘aﬁ%nﬁérv& communications
RN DL Co L LR (5 800l e
ond d’raﬁ{cﬁ‘é chrfospie ﬂ%du&?dnh@ of @hrh@liBicstions B8 L@ @kddGithin the local

(g .10 V\D 20 5887 PCT/ GB2006/ 003901 Thi s al |l ows
liqe medgidr tlirk Breferedoraladyagnat dhe aroceBggyevige: Milydes a specific

algfhh Ge@rided A 4 RIMas GRESLR EstiRated B8 rQhtive! @bt 995%011 of the
forces within its mssion cycle. The glide path

vehigigbagedinen éhawagiakle dafa prwidedFpm e sapyoriguises ¢fghe att:tude control

mm@ﬁg&gk&g9§m£pot shown) that may be folded to lie
parall to the hull axis when not in use, or by
on133|on of the propeller shrouds, in which cases

ehicl.e_dra furt zed.

5 wil] b
tn PR g e ks GRS GF FSI%‘??Qr\fj&‘ dePpa gﬁ%?e of positive
buo§F&RWN) THE [cMEL df BNy (UEMBIUhEY HeOoshsitioabd taRPwi Ibetween a

-.wWhere once again the annular hull provides an
mingpym shgperthe Gpichies roincidght vaithnibe centeg of gravly, andrarmgdmum where

_ the 8bARidsSyitth e v¥RING Jrah SReMBEHNE IRRMEICE R, And where the apex of

cylindrical vehicle of simlar mass. In such an
the ednsgdiomsiibe CHE ang| vlierebr baseaf éheceonp iscubigndaddust the werer part of
the kwBr fAAr ging circuit that 10 repl eni shes the energy
stored wthin rechargeable cells located within the
battery stores. This allows for planned and

rfun r I ni sh f vehicle en sto
In zggllptagf ! ﬁodn%entet e gonlesls gl% ltledosuch Slat go Sart 0? r‘rsg ¥01ume 1es 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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logafigg of Mg oF MOTHRSEIYEY ey

sol ar energy when the vehicle is operating or
stationary at or near the sea surface. In this
enbodi nent the Cof B may be fixed at sone static

kﬁ&?ﬁhap$$nthln the aforenenti oned VO'”"Etr$En%%9%mem1

may be dynamically adjusted by a cont
15 nmechanismto positions around the cone. In either

TEBSHokh Y Gp;bdauhfsu@ edtisé@hticRthriyerb P vithRCatdh@e’ @ batRResidfe by re-
nor.e 05|t|y§ y b%§ ant ball as ele nts Io%aied.

usf A ipraTigtiqngl rega e S iR FYc e el 6? Bath g e vehigle may also

béd mrm o9 Iaa@%g ‘Mb%él@eri Wt SRWnREht xﬁz!t}eé‘@fﬁidéd & 18 phsARI to the hull

the_el enents be co-located within the toroid,
HhVEPR B dR vish e bﬁéwmfﬁlen §f tearereliggbipans yn Wibigh ggees a'ehwle drag

wilPoe e iQhindifg, two bal | ast el ements may be | ocated
around the toroid in such a rmanner 20 that the

vehicle s Cof B and Cof G both lie on the hul | axis in
h. case .t he v

T BRI RS P o Entey bt e bt Bl kg BE oter by

ofdyskhinwhereiontigxinsie Anrtif 0 WOM pidvidehud tffiohiSmpiatkntatibesince its

vehi ¢l e nmay t.the 05|t|on of
oG TR VOB e G G & iR HLY e g gf simlar mass,
Inagaphn bﬂhBodill&i&ﬂ thé sdlafrtdenm aﬁ&fb‘gﬁxt:ldcfed\éﬁchdl&gﬂjv\&% 4 %gi?gleﬁg cfguit that
maxi mal separati on e an
gg@?frea &fff'e energ(iof witn wﬁw&#@ GreRis go%«daw&sv the Eattery stores.
THY R for 'PHrnbd a¥h 8PpctRinRtit Seﬂlé}ﬁgﬁﬁﬁﬂb oﬁvélﬁ@émﬁmrgyh sfFes using

wi t hout notjon along the axis of the hull

soipenxpgy7 v iepsbe ehiteris Ceatiey @ebtionary i pegr ﬂ%‘éﬁ?ﬂﬁ%&'fﬁ%n
relative to the hull axis between Cof G and CofB is
desirable in the event that one should wish to

Innihid rendbed@ene nthe | CoBY may bel fixedThe sbimeusthtm/ aﬁ‘{taﬁb@d\xdthhl the

ropul sors provi de the for .no th
e vol rcong, G iBF 4oL ™ b.ﬁef{ra u@‘iﬂe f gyoontrol
mécBhdisr@ e lpﬁﬁh&r&earbthﬂcﬂ theXdofie. -dNGitRért ke Qfe &@tw iéb@ﬂirolldda)y the

hi cl f ' '
A el e Gy tenct 5B Sarlier L el enly e

of W Bnulad hiN HHER: MRBEdRheht fdleFo twHNRAILARIRHAR WIS 48, 8 lements
al so be co-directed. For instance when both are

‘may; heerorloeptefowithia he tepaid.tin avhich sase e wwhisletsrsatici bugyansp el be a

méxﬂﬁulg'oér(éhe Evﬂ?ﬂalla&trh@erﬂﬁﬂ fbe bNdclatecﬁ) bltoﬁﬂd ﬂl@%@roﬂpi\fﬂuch a manner

Siml arly he two FOUSOFS are directed up

that H@tve}ﬂlc}@eﬂ (FOfBWﬁld oy b@‘lhéle Olnl tb@h@@qum@cmghetvn@gle s static

m&ﬁg? oy W Il pitch nose up. It is also clear 10
t varylng degrees of propulsor pitch in relation

to the vehicle and each other nay be used

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
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to achi eve vehicle pitch, roll and yaw. Yaw may al so
be induced by differential thrust application when
differential propeller revolution rates are adopted.
Thus it can be seen that the vehicle is able
V9 Y¥79458'n, roll and surface under its own Jﬁi%ﬂ8ﬁﬁ@‘”m
control. The vehicle can be driven in a special way
fﬁﬁﬁﬂsebﬁ@hd&ﬁ@laﬁb@to'tﬁe 1Pl R BB Cofd i CHB is ddsirable in the event
position of the CofGis co- allﬁned with the propul sor
thapsrjesshepld pothde remmirereniicHy B @lri gure 2b, if we
define a vertical direction being vertical on the
page, then in the position shown in - Figure-la the
The €t vectofed Proplgosd ﬂ)roﬁtﬁ@ lties mikard fegiotios alngithé hell axis, either

ST R MR IV e S————

veHiddeH GoRE, PAOMLERI Arlies it RUIGE dha RheVvad pidpulksére may be contra-
vehicle is between 350 dg%rees and, 10 degrees (o

diregfsden Grdee fo Indpger ehiclEgrolly IDp SWRTPHISPT éna@'r%mfs%éi&c@- For

instdhdeSPEBhoBERE bRk dRMAIOR (RACILHREvAERP B Bovd fhei(DIG, then
pul sed on  when the vehicle is between 170. qﬁgrees

the yeficle gl gegrese dewh Saiierlyher teityp Peapulips arqdiragier gR so that
thedr tﬂﬁuﬁ rv@@cH} Bl the clint aftehe I8RBIAHill X)ltHIPﬂ@sre%) 1t iAo clear

vehicl e |ntegrates t he thrust vect or around he ar c,
thatavaelyies erdes nERrgpElsqripietnin ilebel torthe Yabirla %‘teaFlh@Fi}%ré@aY be used

|
to & W@ Ive Q)E'E?J%%tx%utakl& afu ¥ %rl fdnd tﬂkﬁw&:ﬁﬁf d%fgeretr)xgal thrust

S ena ' es nni ng vehi cle
appppaémn s;sé:ley diffsvantial 126pellex ravcpwmerateheﬂe oréed. WAt can be seen that

the %ﬁclg %%#baﬂx élg\fgeT tleuén, gcil EEI’B%{II%JIC% rllﬁgéi’: iR Dmlahokbs c)séﬁ{llblc le

has "a manouevrability, since It
thrust vectored propul sion nay be arranged for hlgh
turn rates under dynam ¢ control. It is also

Thevdiossphe puyynGd swenb 390 Weaneths vehigle i ﬁémv@ﬁuaeﬂ gvhen the-
poslﬁ%ﬁ o2l @R g5 %ﬁ w%a@e bidp¥isod ﬁu; Jﬁerofa}ubﬁt Ref3SrN6 Figure

when nmotion 1S the axis of the hull then
2b, ifaveaddfine Iaweﬁlcgrﬂlstj ingewpriisal ereihie @Q@dﬂwl {ththe position shown in

ontra i rect

. 'Flg&l@ [H:l rﬂ?e \F&% ii# k98, ro?lraﬂ of %rd%g%%%vo % i)% IfadY Qlﬁ"gctedf up and the

Jor's provid

: proiﬁu]sm‘ ne irested Howt.a b dawnyvardsrmevsanegis genpiteAsthemthe mml#ﬁor 9 is

pul%ﬁ Ioﬂ “Hl%}l 1t(H1]e 9{1190%] ﬁi b‘é.%eﬁ] % d dé?%% gfu? 18 &%ﬂ&:@ (aer g Ex@ BeiRr limited

I'S I NCrease once agal'n
arc Eixahclh tlieyarqﬁllsbh@ isvdidected geriesally mpweais)euhd thtwj:repélet H s pulsed on

duct hi | t
BETTE S AT e
whibio WieOpropilisor viehs elirected géne&ﬁlyammmds) ofThu Ivdhioleaanasglam the thrust

17,18 for colljsion avoidance
vector aroun t?le arc, and experiences a Iinear accgleratlon 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 dynamie control. It is also -

12
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i magi ng applications. The relatively large diameter
of the hull enables the caneras to be 10 well spaced
apart, thus providing a |long stereoscopi c baseline

WAoo PlQ)Ldes for accurate range estimation Pyrcgacesnozont
neasur enent of parallax between objects Iocateé

within both canera fields of view A sonar
cledrahsthd veicld Qasantigh deplabf stelkkiyvy dn (RO fisst enspihey ivl@dmotion is

for_ sonar . i [ a ensi ng. ;Again, the w de )
oIS R RS of By Bihamsslt B R ig ol i goige oteting
pxeg;uefkt 1Rt d@ﬁ%& lﬁ?ﬁxeedm fq@fh, Wik d@ﬁtlrif»ﬁﬁéicéddrbr@ﬂwi‘ﬁpﬂoaige for further
I s.outer hu S preferentially -npnu ture
ro}ﬁrs 1. e e SR ACE "R ST aavhe%ﬂrﬁ@nr%ﬁha all s fsgndgspes then
ardghRF ehobdehRFPRBcreh@MaRA LG Aaineihb atasllyy BEHEeRNidAKEhSreased,

of epoxy resin. Alternatively a cheaper, less .
whee s @y benmreasurpgyase IdBeoada ehistn #tivds nmrEtiem pgors when

suBfebdiF Bk e2HCRr@s POl yurethane or high density
pol yethylene: It is also- possible to manufacture the

outer hull from alum nium should the hull be

ressurjsed.. The i nterior. space na f. ooded by .
RIS SHUPE Bl ot AT RaPsb LR A prfoidence and
im@piag fapplitationsOThéeyatively[1ags Sisiiered df iHdieull eriablek tie SaRESR to be

uses, a pair of batter acks 21,22, a_pair of stem
WQ@?@BW% tns Dapyiing & iOneofigPeraprin, Paicling ol proyidles For acburate

- radie- RBmBRACHImeARienBbORHallaR Seiiébh oBES lockee via{hBSBoth @amera

vessels contain the vehicle_ electronics, sone .
oPuYIEY o SORAT SHRAPEIHCE (& (Bt BsSORMGreBT R 20 parREOVididgfor sonar
mﬁéiﬁ%hﬁli QB6nPY ABXathe Sidd Ba3clnB QY ab R MAhge. THE duldr$ull 2 contains
particul ar énbodi ment the toroidal pressure_ vessels L
anginterigy Spase eviich | Gy hentigr detiipee 125 nower fpll is preferentially
; It §dmUg! a6 alOfisifRIeRRE dri Qikon fibre filaments
méﬂg afferlgér?t gl%rvr\lo%n &Egoﬁggﬁqﬁegﬁlgégundm@r%gg(or ord and an?‘_m
lamgingted aligredtsly bafveen faydrsioé epgeerediny Atgmativelpd eapasieps resilient

uoflsh & SPRLMALY bl ohBHRIAE pIl BETLE o BOSERaPY: figh density

manufact ur roma suit ade O Suc

- pobyeiriené. ulhis gis@mpodsibbstognangfbisnthe edteshdbfrom@tuminium, should the

Ltani um WO 2007/045 0 .
bt ot B Bed: oSO RS I fPED ) b Stk pfifations (o
shévine) ic erogten hull, e nimydreqiaidrized cThainterioasyded Inuses aspair of battery
i,ndi.cated .at .(a) in Fi e 2 i.l.e . the dianmete
otk 33, £ BuEbe B st o ot Moo itk SRR 0 g spoced
ap4rb rlong e daesds. I dhe Qrésbi: vefselshenbuin thd scldds eldchetlcs, some
as, follows: AR=213 2/ wher e I s, the span, of  the
Propyiston sy Yy S5iops T oS BTHTED B e o shown).
In bl parti@id 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 titaniumn.
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where S is the projected area of the hull. If we take
the span B as being approximately equal to (b), and
t he area S as being approximtely equal to (b) x
&g), hen AR is approximtely 2(b)/(a). In the

HIE%8588f  Figure 2b, the AR is apprOX|nateF§WfB%?ﬂmwm”
aIthough this nunber may be nodified in other 10

HP{EE $piRRLE err}ﬁllaaﬁﬁlcbﬁ'@stpbﬁcﬁ tg% a%fm%@ﬁ}tzﬁ&foﬂ section,

ratlos IS evi nt that the vehicle form nmay
anddljig Sﬁtlé@(’ﬁ‘?d &i(wph Figpee Jaarhide thefdidmeteriop ﬁw@anoswhaﬁmtét its two

r; r
o R P PR O M P ARRE kB Pty
is high. In either case specific advant ages may be
gai ned under. certain circunmstances, since relatively
hi gh codt$ T PRt s of Iift may be achleved using a
toroidal formw th | ow aspect ratio, while 15 opti nal
glide slope ratios, or equivalent ratios of [ift over
wlgtr@aB isnthe dpen af thieéwtiddeficd hydhe mippinoindedter dinmeter ofhthe hull) and

ect tio. uter hull is designed to
w%$%$ﬁ$§ewn¥§w OE%%%F@Clent within the fluid flow

regi ne detern1ned by the range of Reynol ds nunbers
that describe the operation of the vehicle wthin
If pegr teke dheaspancd resr babeg amiexiogtelt el [to i(bk |apddbe gppa S as bemg

QUG ST 08T () FALLE b B0 RIS i g vt o

Figee 8hdhe & i3] appB@inately ﬂd@nalthmu@n this eenisy nmyd)e@bomﬁppém other
\(Jeéym%ln here tgg gf)élﬁ:a fon, rﬁa§ ahd I?)'tlger ?ahog' Itqy LviGdw kl%%/ theFehicle

I'0-m ne PUSTVector propul sron sys
fomnmays el adlgﬁsted o ipplelvariatidnvafiits tidroidst disseton rpﬂwpndrmmovahacles

stem In .this case r | si on _syste onsi st s .
W APk it 50w o 35 e Ri Pl s et BPETRGRNS 1 g cithr
cadeGspbdifc adia@tagdiumnby b@gﬂﬁﬂisuﬁdéﬁ catafit clrcaﬁdtan&ls,dsm@rreﬁﬁvely high
co?fgt ate o%ﬁg% %Jrfé%rpund ﬁsn&%l rtgrecﬁ(}ag : meenti}jlowpect ratio, while
opgﬁg%l%iﬁﬁyz rhiek/ 20300 oFiligiusves ddg madbsbehiard using a.

a second . posi tion own-in dashed l'ine in Figure 3b.
pidakfopn wi 1§¥¢W&*F@°fotated by a separate electric
DC brushl ess notor and mechani cal gear reduction
mechani sm which preferentially would include a
Thhebiee abll vio desighed e nfinimtize itodrag, coaffdient withinethe rfluide ﬂoWrregime

cRaREET LB SR o BT LU By DS 86 St
mmﬁi paticidl aeatics. (Fheouehildinckdeead induluyer showeinFigee 1b with

| oad .i.n
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 stemn end, and can

rotate by just under 180 degrees between a first (stow) position shown in solid line in
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reci procating notion, where such flexure serves to

direct a propul sive wave vortex rearwards from each

fin nore efficiently. In one node the fins are
WBGhihesat ed out of phase to generate a pad b dMgs2006/003901

notion that drives the vehicle forwards al ong the

hull axis. In another node, the fins are driven in a
Fxgﬁres éa:hrpirﬁ:[;and ngecmadl pesitidushowhiis deshad ling irpFigene 3 tHech of the

oth agai n f :

e R o Ere SRR BTt RBRER AP Rlution
ma:hrmasm m}mm:tefagmnﬁl}rmﬁul& utcludh |ashehcsr}rmwmtdmvb ljeot chewm)esnd can

the|r re i n rcs di bove

behrengh ARt b PR b Bt RestitRof RS AR rfefEg Yom »
paktiv@laf | grade %ﬁtpo@ﬂrﬂhanamd proviie ﬂml met cﬂexilrevwhrlehander load in
. vehicle forward and |nglgce rol | ; g 1 &{ € ortex
TegIROgA g JotieT, SRS TUEfe JEREP ri5YEh b riBE FpiophitivE Watvo
refivaidk a0 finfnokd &ficie®BA procating fins. In another

node the fins are driven in a reciprocating manner

but this tinme in phase with each other, and once :

g 98 nafwht %nt De &8 Lga%?d%t E){‘;ﬁmgﬁf)' g%ﬁ&&etd A a@rg%fom that drive

ace ove
th@leralncle tﬁanlmdsr bloeg .thel hitk amdelqomcpleftrsmo&ﬁe th@lﬁnelaee driven in a

db 20 ' ' b
e b A0SR PR A e i

ToWagds alongelek Hotl axtmbl nation with the vehicle's roll

node, then this node will couple and produce vehicle
yaw. This bio-mnetic propul sion design allows for

In ﬁg&ﬁ%rrﬁ#{ﬂg $he/fink 13 all 3N ih 58 ﬁ%ﬁn@ﬁﬁ:mé?@gf‘ﬂhis%ﬂﬁe \thh the cenfres

excl lon signals to eac Fopul sor, and
of flwir re@protating wsds isplacedsione 312-‘1558}5@41 &@thOﬁﬁOIﬁﬁtl plane descﬂbed by the

SRR B 3 0 s S i

wHé@Tt@ﬁﬁ@GH&)@B@ﬁﬂer damctltabld@mﬂmslmﬂwetdv@e’n disptasement of the
roor) eﬁ& n achi eves, therefore, good propul sive
é?f'?agP § at sl ow spe_e_ds, and_al so. good .propul sive - -
ef fi cicency "at hi gh speed. Another enbodinent of this
schenme uses simlar reciprocating fins, but in this

In gotherauddgribe des argrdnémn Hu#Feciseraling masesr bRy thig np imphsse with
ea?{ (ﬁhél‘ n::&lld %ﬁ@éja Al wm% f;h%&ﬁll%f% r(ecdﬂ\%kéatﬁ%ta}‘@ﬁ@lééa@ above or below

n pivot and tail. These knuck hi nges are
thenawialf pivotal pldnd dmquaﬁarﬁees'gn% mede peapels 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

magpitude of excitation signals to each fin propulsor, and also for coﬁtinuously variable

selection of reciprocating cenires of fin arcs, for either fin, and also for continuously
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driven in a reciprocating manner with careful phasing

inrelation to excitation provided at the fin pivot.

Thi s desi gn produces a traveling wave that conmences

at the fin pivot with anplitude x at the knuckle

WORYE/ 43T ch then proceeds to the fin tail wW§HEB2006/003901

anplitude y, and where y is greater than x. Using

| . 3 .

vahgﬂlé Eg&ﬁl g:{el,ltv{r:%tﬁ dgtgs g%ség%?ﬁfel%?ésé \?%go?g g%o?ﬁ%ﬁ&ﬁfsln}eeéfﬁcmncy
at sipmsa@admand L) g@m@mﬂ&i‘rﬁeefﬁﬁqulasﬁug?esmdl ciency is

i proved by careful phasing of the pivot and knuckle

hi nge excitation drive signals in order to achieve a

ArofiRY 8nboBmBE QT UhS I MRnNRs sithilaP kdcthrétafing ih€ huy ﬁi"ﬂﬁisl farticular
40 is shown in Figures 4a-c., The vehicle is_siml

degign prhddifionplthree l%w\mqhm%fﬂs pregaeladedzppionmately half iax ﬁ)@fafeen the

finSRt QXS 1 B QilMTHeld nubiip hﬁﬂfﬁe@m@ﬁﬁéﬁﬁ?&cﬁéﬁ&tﬁm sthitless stoel and
propul si on system A pai r axi -symmetric fins 41,

dﬂmh’rneﬁ ToFRcalng martrww@tb emchil phasing !@dﬁlﬁb@w exgjlgtipnippevided at
theaigu{‘w{\{@i{ n’ﬁigér !(l)ess S&;}g%édlcé&ﬁa ﬂ'ﬁweel FQ%% ﬁﬁ{ ccﬁ‘x‘i}‘ szlﬂn gﬁ ivot with

rgure 4
amplitudps abiie &nudkid hinge mhmbeth@spratseedsto tb@ﬁnttmlewml ampli tude y, and

whlét%d}?[s derdr tﬁﬁfg* ¢ tﬂlsm%alﬁls e \nglg (SHes bF gﬁrg’ﬁdﬂ' de¥dribed carlier are

around 't he e unde
repd:lomrpﬂ i sseme dieir edastagesem openemoa; bat| hegein hh'a$r0pulswe efficiency is

rreth The n_.con ruct I
o A G o WA R P eSSl i g oder
to%lejvaane@bhagpmpﬁlsmtwa&a A pair of ri dges 47, 48

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

A &19%1 ?ro?@@% ¥ cie% i 'sm&sn ﬁ%@@@@@%&%ﬁw dinfllak YPe vehiclo

ey 50 causes pr oxi mal
shqmame Figgrets 032 endaﬁb, amb@tsot mlwsdg ddo-mngy; ﬁarmfm Hlrust vector

o 5 5 by T B e o

corffonmall ith Iﬂsamnﬁﬂar had] riﬂmdials er. 1démmalfaud vhet2 imsh@zsn {amoess section
in EI gHWCC glﬁ]ﬁ é#lélelgg% %tf ﬁl‘? n(tn{t%leh L rﬂ'#RaR %%ﬁgb&t% Enc%ehgyer (which
hassh elegred of rikeipiitgeatttnds vurtbdmldnthe doh wherzpthk Smderlarmd ccmpnses an

_ela%glge qe}ggt%g%ll ﬁ@g%m%' th‘?ﬁ@*’&?g?ﬁ? bs\%‘jr'@l n? %{gcpn@g‘xan}é Shalising o

pro@fnhz %Ialtél-ﬁi Mldl d'fistal plateads joiAyd &t dpitoipioUsA pgr bhﬂ&ges 47,48 engage
met ha od provi de

opgoa%%ggﬁtq ga.]t p 'Sf; pagtapT\Ke§ ‘Z%;]PB@ g'engr!he }\&Mlme 49 is attached at
botﬁ’@ﬂs@@%&l}ﬁ(z& Q3O pab¥es dldrardiveh BEl1eS 50O Birivedd the bulldy 59 causes
propul sor drive mechani sm uses two el ectromagnets 51, ‘
the proximal plate 44 to rofate about the ridges 47,48, and the distal pfates to rotate about
the pivot 46, as shown in dashed lines. By reclprocatmg the pulley 50, the fin 42 also
reciprocates. Two further lines (not shown) are used to control the upper and lower fin tail
corriem, so that the fin tail corners may be steered independently within each propulsor, and
independeriﬂy 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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52 |l ocated on either side of the distal plate, which

are stinulated by injection of electric current

around coils located at the electromagnets, so that
ﬁkﬁﬁﬁﬂﬂt§ phasing of such signals in eitherpergrnesoosen
elec ronagnet i nduces a reciprocating action in the

proxi mal plate. A control 5 device (not shown)
Anoftematve ehibediaxai éfihis @ropafsot arﬁieeh@himmgne’EWS eleaim:lnagnets 51,

ontrols.th excitation,.of the. or, .t h .
i SieS 58 i it 15 Sl Plles P o PP i "Gerpge el
cﬁrf&ﬁt ﬁb@@aioum Beated bi ©B eleadrdd%grlﬁbl sg hlgat mRérabte \peasmfgaﬁi sagh signals
of, the re(:lprocatln proxi mal an i.st SIS
inc sifhet GlePRPmRERTH Drivess S it N naé@? @E)Xga tiae- 4 control
dévﬁc%V(%bﬂ i) F%&md@ 'tﬁéeeydbﬂé&ﬁ)nl & ﬁelele«s@m@gneay aﬁchelso controls the
propul sor. is clear that qgther_ varjants

e}gcﬁgpog@é Fheé;éotprrfhgb(ﬂrgfe%@ﬁ @Hléey SPand disfal, g} a];f:gwglh% sxmllar reciprocating

ad%ﬁ’vélﬁxbﬁ’éh ofe CRkife gyﬁﬁsﬁr{}; Of thel bipAcatiRORekSua® And Mstal plates is
prOX|naI pl ate, reci procal arrangenents where

cqrﬁ@ﬂsp@@marr@ﬁéy&cm el stewicg st aé@t\fﬁ@ﬁ&@??@?@lvaﬂ@ve it delivered
%ﬁﬁ\gsor’a‘ltpfs' H@'erﬂ"lgl' bher $RGRisl Rad %%ﬁﬁﬁ@%’téﬁeﬁt {h@f scheme,
tic propulsion in conbination wth th
malmzug dhe poisions of rae ¢arth en pigkles mmpetﬁ)emeﬁ@cmpé@ml plate, and
d.
B MR e AL BB R R RUORS N e
nDdes descri bed earlier 15 nay be replicated with
thIS de3|gn with the excepgion that vehicle roll i.s
A pRegBTEgnCe 3 PR PSR PO BHe POBFIFIOR G Pbmatf with the

axﬁllﬁf &l 'T?Yha@@inr bieikds nfly Bd1eNechHRY aRPsyethiGnedwhieh increases the
flex, so long as flexure is accounted for 1n_the

PrpPS T efigknasel &hatvebtﬁlem Qpegl againdhie eropyiion medesdescaihed earlier

mgsF B0 YL A8 v a Ryinexe 'ek@épb@r‘ﬂ R & eRRRStNYis induced by
rive of proxina dlsta plates and tail fin

asgrmeeic drive of fig m@hcqrhq‘s dhe pletep msy de rigid, ror gy may be demgned to

BN s f 00 40 BB ISy, o o

. efficipt. pmisﬂs;kesmr adhistred 2y | exeitation foind rhegng drigé of PrOXHnal- and distal

pl?t'eso L ﬁ r{%;‘ngagl'i ri%ls %ﬂcﬂ that %n@ i??&cbpgz%ﬂ“otf% %meh'w traveling

annu ['r'vers many freedomin
prbm1wamsmmmmdﬁnmﬂfelb@semf@ych fit toshcdhufinitalle cl ear

that the nunber of fin propul sors associated with the

annul ar hull as shown in Figures 4a, 4b and 4c may

Aée@e%biﬁéd Qﬁ‘rh@lx hﬂ@@&féﬁt(ﬁ bRAMEN RISl H TR b mBinalblLwEh the annular

case the fin propul sors nmerge around
hudlidgliveas ﬂnan}/i de«gm of Berdeman toning i @rpylstontedticiensym a
continuous and conformal, flexible, annular
bi o-m nmeti c propul sor. 17 WD 2007/ 045887

It BolidChe CRELARBHR Lumber of fin propulsors associated with the armular 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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A particul ar enbodi nent of such a conformal,

flexible, annular bio-mnetic propul sor is described

as follows. The drive assenblies descri bed above for

the axi-synmetric dual fin propulsor vehicle are

WepITa4t¥d around the rear of the annul us sdUHZRZ0G/083901
such that the distal and proxal plates are

10 ! . . ! .
A PREPEG Shtotlad of SR Pl Hei 10 G O Bk i hor i

defdabatial followal THei drbs dsmblied Hescvedenbotd fis the exi-symetric dual fin
i ncl uded, Si th b B g dant the, fj
gt TRETe 5 NETioHST BOURUBa ohPECE AT Rty s sheh hat the

 diseOho rpiedal s 416 holde¢ witkix ianmfoamdl elhagicapolphrahes jacket that

driven_ as de i bed . earlier ch . t.hat rogressive
srighey B ST VOO T ARBOE ot o) fab P WP SorkS: ins are
inc]!tlfda&,:eéilildég;hmwlﬁecbﬁe Q¥dinl A vﬂlfeﬁ rthé fia ﬂ)&ﬁﬁs@ﬁs mlnﬁ/ evbved into a
lexible annulus to its tail so as to drive the
fexiplgiap éoqf@?"%g?lamglsong its hull axis. Control of pitch
and yaw becone trivial in this enbodi nent since full
circunferential control of the flexible annulus is
The psird! end disthl @lkddstaat dovencls desaibedradrlienshcllittst alprogressive and

lates in an independent pner A . |
prcf oopnf 2GR RUSH, fARPRE e SRl Yo e pagp of e
flegibletaneulvets itd teil Baas endrivethd ahicld reard sdangdtsiball aas. Control of

..Sho in Figure 5a, .and adapts a s t - back shape
pieF e ramp et B it e G R AuRERnk of the
flexible@am@as isPogsiviBkand \eReitatio® 61 proRinii and distaf platepid ahindéydndent
yaw stahility; and to provide a novel nechanism for '
magper ey PE de¥nt rol . Figure 5b is a view of the
vehicle's port elevation, while 5c describes a plan
view of the vehicle with dashed lines indicating the
A gihizpeecltle 160 ik ghiovaf @ FigpreofSatce. THRhbulbof ére tehicle basean annular

simJar construction. an 0.hou vay i . .
corglrpiriofys 3R i Eiison 208 AASRL 8 RER- 1Rk SRUR 18 SHRAND. veticle
dragh® réédveGbhdual s rdleasddi igtor eskelvodticeliub frovide foampittly and yaw

el S SIS e A RS e oo

velﬁcﬂiél’lafpaf&%lbvaﬁbh, YhikeRr ReGibas alpllﬁx ii&;e qﬁehéhpé‘rﬁdl%»m dra]t!gimd liries
. hul . uoyancy, engi ne (not_shown). i.s housed w thi
indicpinghe éﬁapﬁ S e greios P@?ﬁ‘d rT‘%FeWt?IJ’&‘hi%%ﬁ Wﬁafzf@nwcgm and
housBatariod§ sMBbisChftted) HaKks) a8 |pYesSird Kessald dn lcb@8®n with the vehicles
careful adjustnment. of the relative position of the

showayin Figwees ot ot oe clodyithese ais@gb&OMAct i ned as it sinks
and rises, and so |ift forces are 18 .
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

18



10

15

20

25

WO 2007/ 045887 PCT/ GB2006/ 003901 gener at ed by t he
outer hull shape so as to inpart a conponent of
formard notion. This enables the vehicle 100 to

era s a buoyancy pomered gl i der, which
‘H@é&“ B or in self-nonitoring fleets anlgﬁ%%&%oﬁmmm

progranned to sanple |arge areas of ocean or seabed
geﬁérate@ %&h& bier Mall Byt sb B @F Mgkt Obmigoasat! cﬁ'daﬂwa&hﬁbﬁdiﬁ This

In this particul ar enbodi t.th ehi
ena'alefpth@ vehide 10 Yogueatrcr GPURBRFY BRIFEE Oet el ey be ued singly

orliY %m&‘ﬂﬁﬁ@ng fidé@and Be FrbftaRinge th soaipil B drddY 0 5ccl® biodeabed or
propul sion s not grOV|ded since its notive force is

cogwlineeighot igierenBepljern d3raleBPHEc¥RAt changes its state
only twice during each dive and rise cycle, and so
el ectrical energy consunption is also mnimzed. -

In \thie masRulat a&Bd:cBﬂﬂentuhe &Bhlgh iadepts anachi fo;w tinegy chufigyatiay since
nd adj.ust the, pos of. mass O al o their hull, . .
hy iRl e SR PO PR ABUEIIE RO P B i i
mage@ oRediif t aaﬁrfea tffom Emmﬁsy exyfisk (ol Bllahg@ats agte byly twice during
adj ustnent of it |ne al on rin t
a0 oA eI RS s Pt HRE e Ertiod T P
and follows the hull's smept back shape. As the

vehi cl e noves up, the buoyancy engine is | ocated
Wm‘paaémucalmwhe ghmmommmmb@di}cys@dt ehhust thd}BOS(D@FI B)f mass

oL SR, B B G54 BRI R0 o

buayainby aid Géfanbatotba acqhamdextt loé 1thbnhdyamm*cbagmﬁmloog amg (ltocb shown)
Il both. roll the icle its,hul l d
s, TR B PP ik BIBNP e B Gty B s the
veIgbl@ moveet, (ﬂieﬂ)uwyﬁﬂcy *&ﬁ‘ghmﬁlidada&d aljacse t(jdhm%per Bbe fin 101 so that
yoyancy engln t e ne ative uo ant
the, ot Tt o qu FURE Tk JOHEP ofeR Sh o the
bubyeRicH lgieth peH ok staBboRid aréi@Btike Iﬁd!ﬁ.lﬂd@ﬂma{aﬁ Yor@fiQ Iwﬁll?both roll the

traverses around its ring and the ve e
vekigle e gl B end 410 FAYS MaGals Ao PRCES § HogeRint the

—vehieleWRHiIdBe %ﬁﬂ&i e RAh >, a%gins Klfc"g ?hen@ﬁhel 8 theHl nade negatively

rotation, whi ch _poi nt the ve e wll be jncljned

bupyssbandpthe brd@yla rveil) 8lidp Howe EBprdhcResht: i {bsomam repdfiemined time or
depfithe F&)féﬁé}ﬂ ﬁ%{ﬂeqfav%ﬁww&é ferifg eaN R WdhAfEeoniBéhees rotation

ehi cl'e“'may al’so 1 nclude one or nore devices that :
aromidl fits & eais;t andribe GofH mewest fevardsabowe thei vt étxrﬁrfbwg&h 90° in huil

e
oot QRS ADMARUL VRO 68 b Aaase, WGk Rmoposiive
amatiblvelmpiamﬁighde towands deemem sudtsgeen 0 and 600m i n
dept h, and where 75% of ocean vol une has tenperatures
of 4C or less, while 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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tenperatures may exceed 30 C or nore. 19 WO
2007/ 04887 PCT/ GB20061003901 One such energy
harvesting device is a particular enbodi nent of a
buoyancy control system 900 as descri bed |n fi
ViG0EP58Bd wherein a tenperature sensitive ggnmmmmwm
change material (PCM, (i) is housed Mﬁthln a
Onf Q@cﬂtéﬁérggﬂ%{vésaﬁ% dé@&:@ a zéulé}fenﬁoglﬁ{eﬁi (ﬁaa! budl 8RS dbifrol system
esse nuhber of toroidal aluim nium
904 ubbscn(bbc) maﬁ@ce tfe.sqr diéd wherpii g terppesaters sesiive Pipgs olignige mpterial
(P&Q‘!I(ﬂ T us il 3 cﬁ&rﬁ@er (t’l?at %m‘x@l Hx‘i”o?h %}bldMeésﬁre vesseI and
I'n an |nsul 03|te st ruct ur al
wmhamemn$mmM%a®uhydnamnwnhﬂmaﬂﬂ@bom@mhﬂeﬁ@nﬂnﬁd@ﬁﬁ&y The wall
n .compi ned
of [ by iy A e By Ut sF BB, i S W B bomposic
sinichealdhanheh a8 syrtatio If(ﬂaarl orfmaopmneamni enbey esmuembined with glass or

t ai nI
carpiieton i S Dt LR o R el plud et ramber's
tordi@d] o and haEae Eech( mtem(ld Jnadttien ilove lthabaal cciﬂuﬂﬁvﬁlydaetween the

I R

whiX@ sfiving@eers B‘Ia9 bfe@é at@forms’ & 159 parbodilia dorrdes toroid, where
toroi dal axis. ) interfaces.Ww ort

Wi t h,
its gtrpgtureBaYIRe QJB‘C‘F‘H @%ﬂ@fﬁ‘@r"ﬁ HHOT%S@%FOW&{%’PE 1y 6“?1‘?3% fB‘é?ea
water rmay enter a section of this chanber which al so
includes a flexible |low thermal conductivity
Chi#rRived {@riatetfhcep ivathom p&e dlat bpeneté Soeextanaksemwalen sarthat sea water

ol 4100 DL ESl D6t S SEANEED k30 B it

mehbie U §HS0H Sed) aintepedThe Mairfjin ,anvinbwiting playsteh beties between

PR gt bl G P PR
(), bicH doedobAGRSIoWhd Sbalviiver QWS ﬂa:ﬂbie &xmbmiey eq;afalne)d bya volume

that connect to the alum niumt hi
of liuid, awsh By prathsr Yalvep Chawbfrde) B s & b By REER gabves ()
g tha??beXI 4 ik QPR alinBWB] &8 &k Bhis @W(ﬂ)e%éwroi&al Ibreﬁure Vcssel may

| e menbrane assenbly 20 and an |§ acelg bl
alsg include ae epiéenablow pgestee, sasichanphst () gyiithp deipigrBppgsassembly

anq’%{e iﬁgegﬁée}e o 5@ BermbVIRuIR b}iﬁﬁb&f@) NPkt SRBREGN f ports and

um ni um t ubes, and al so include _an
twavalesy (o thattdopnasb tocthe samg @u@m v @R may pisg)inglude; gnggrray of

%‘f%‘g, SIS %é(fl’ﬂggﬁqdug E@e]%e?tll [ debicHe ge‘?f whHE Rither side of such

I'ces wou nalnt er nal ési st ance pat h
deviies teldxisntsial a foawedaal mmstah@e pathntte rthelexferng] geawater or the

mt%aj {Hlozag gthr{)C%er a@g m%g%l) \%lgf %Ffuﬁg | slenR QaibSs BADpYRIMES 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 wérm 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 (¢) device with a potential difference applied to its two semiconductor
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25 A control device (f) and one or nore fluid punps
(g) are used to open and control the valves and
ports in sequence with the operation of the vehicle.
is filled or replenished with vwgr
W@ﬂmﬁ'éﬁ% the surface, while chanber (d) is f| ﬁ‘%&&{mgm
repl eni shed with cold seawat er when deep. The control
Juﬂ&l‘éh§§1 drfidr thdyvaliBtePPerdmtoftthe Gl iifvhaiter (d)elulbSin|ita)ization

device with a potential difference applied to it
OB GOABLTEB PR RS G IoD A1 PORE D08 DB Gulel devie

miHRGEsE PRSnitiBte WeHMhicle?s @V iive SR thedrper at ure of the
fluid in chanber (d) during initialization of the

vehi cl e, when operating near ‘the sea surface:

Ate
Tl}erﬁoPiirugadtgvxf:% eawte%eeox?sla rvglt%g’s and gu%n%%rheﬁ%yos % %% ?@ﬁlﬁgurface
to @oRburizk tetkyoes ((I))usmg&heae:qmndddevopnmet sE thy aahmschamglb material (i)

wlﬁ?tgg §ﬁ]9qesg%i(::0|t %\%astfng S\tﬂ*g}g %ET% g.]rs Wi f g%rhdgfga Warm rese reservoir (c)

an@fthd BReRRARRIL Hofg eramiraiia@l of ﬂh} chaﬂibeﬁ i) iaad @ap d$éad vhhes are
the warm surface te ethtureé vi a t.ubes S]‘% ? Hve
cloged Py ek FUBEY 1f Sjoredynthe; Kegs (BHh rsopid, yrge %‘F‘is‘é?“ nega

buByRSH W ufink h @AnBdént bIRsCARITB T bf Jn‘)odﬁlﬁﬁomﬁﬁts(db)lsﬂyﬂﬁf exposure of
val ves are closed so that ener is stor

the REMcfido oY IIRSERYES nglgq eq‘axptgg %@ﬁ?e @eﬂ’g’(tg?/ réeservmr chamber (d)

or*f{‘ES q%}" &y @on%méﬂﬁhﬁ‘ thefbok.! ﬁﬁﬁr‘eﬁﬁ%d BAbbAmEntd & @8urvdis (BY (d) and_

ation of its density exposure of 10 the PCM
ml(qs )(b)t wd| popen; sppleinapiigrleton, of %@ SEAELEE i PYAST togeinimize dpefticiency

du@@éj delien gét@ﬁ&’éj aie@MIGE rdsiking @fo ngg%rﬁﬁt)ratﬁlre around the PCM is

|nat| ns thereof. In preferred enbodi nents the
mametgmd/ officdenily )by (ﬂ@;e amphng wethe (abyminiven Bl (Bswitkin thy PCM
voftlde | QkeOh E&@ c zﬁ%@% liduly R's484 il Be PO BFEcorresponding
I'nefficrency BUe {6 Foca rrperature gradi ents. The
redmtwi i vodurole wbthnmtrmthatd@msgy af thentehickresoPing it decomes heavier
na int |ne by cl ose coupling of the
anlse?%"‘heran %he%‘gr%@%? V\cllysfh in the PCM 15 vol une, which
~causes--a phase change fromliquid to solid in the PCM
and a correspondi ng reduction in volunme wic

Whescy werdelermiped ¢rathsis echigyed fheeoyisplideyiee @boﬂeﬁ’é?s th? ports, valve and

pu@lgctg et 0GRy | Fe%surfz@@@asﬁ?ﬁwwfo Al Eﬁhefiﬁfaoﬂénble membrane and -

scends. ro-det’erm ned otg is achi eved the
displane ao:iertciewobgne( f)f eyperalieid.tsnchydne §ensa¢a|t\féh%m@incle bocomes

poBH\z&)?énﬁafe%l t? Eﬂjc.’eee)g]gﬂalﬁqulgcg 45 'tlfa‘?ﬂ] %S{e nﬁ‘&n@t% itsOsEBY $uring

I"ex ane an sp ace a

. aseeet thatontiobeniee (ffoperatas theatorts, vabiesl andspyintrHigt traniser warm sea water

derﬁaﬁ% P t) .u:tttg %hamegér(ia)_wg ?lﬁ)%yﬁﬁ, and once again fo 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.
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positive conpared to the external liquid, so that the
vehi cl e cormmences its ascent. During ascent the
control device (f) operates the ports, valves and
punp to transfer warm sea water from chanber 90%2
VALY TOHAEber (a) via tubes (b), and once agdi{l/¢r006/003901
circulate the seawater between these two chanbers.
. . . _ B
B L D GERARE o, SRS 3,58 A, Ay bt
fatnarids aonlt bppaedivhee ilmongedsa or theyoitisrar witktets of| walerials would

bet §seg-§g gllét% %Fig{g%r%igu mvﬁé%%%%é%g&ﬁﬂﬂ%é dand 88 {%ﬁ\%%ratures

to BERHCRARDE/ VB30 e dokignuied érermbcliphase mb@rigpicatiyt wr thal material

may .be I lized.w thi,n such devi,c
P“ﬁ%%%%‘ﬁ‘%‘*%‘?t“’e?a%"#@” a&?ilﬂéﬁo Olélgl({cglﬁybc? r?%?eés V\:ﬁ%? 16%,&ithough the
précideatn gl would bhacletd ite tath the xhtivipatal depelt prafiddssarvidotadl ocean

be chosen so that their particul ar phase change woul d
eBREYF™%i t hi n the band of tenperatures to be

encountered within the designated thernocline, and

more typically so that material 5 phase change _
THise tinvertinns etcurds atahthgeu overwalidrantive duoyansy veastroB dediges  through

. 16C. al h the ' . I

integtior” ph St e R, iAR0R, (RIel phenal L BEEE QR focal

getpolpies atdumesriald kombing v erividers bighlyr dBcient\devica der modylation of
| ti b trol ' th h

vt Er R e G e i ol Cw thin a

toroi dal pressure vessel, where local 10 geonetries
and materials conbine to provi-de a highly efficient

© A @etrecentiadimend afithist ¢nsreydtarvogiing davice gatmats §ddiionplfergy from the

thégéig{‘lﬁf;etsin éﬁgpﬁqgﬁ){'&% tﬂéﬁﬂ'e%ghil _'E@ﬁcie%c% Whd Bffur&ed iji.hgﬁrleﬁicle. Tn

nergy harvesti'ng device extracts additional
thie rtpygtivier ambodineent tthe TS cle) hesated ab rebiembarod) apd eoriral Hievice ()

tional effici Lhey v s of the
o 0 P 0 SO RS e bl ot

ocat e
TES whirantetpefatire alifferewinl inmateriaebetigenliss eapositkngdeso which of

ons
diff@eme iadouted talinf Aesryesftsupdr-dagacitaisnbditieado et whicte hattsry store via

opposi te sides, whi 0 course 4 s _achi.eved .
so8E {7 feagiey S OC 48 DS SRR L PR ¢ 38 cloppfoadosses and
achhBies aRfdnemRf :b;ﬁlcien@ fnl;JI @{cemﬁtsios{;.wa aﬁitto[ﬁalad&gle?gtyﬂmyvesﬁng device
super - capacl tor an e 0 e .venl e Da r
e ocbameeL S R R Tt AERIEYS VHATER DR oBRCld cpgenber (@) and
watRREhB R (o)l ABhovwi B BuERS 5h hid Bieectrical | osses and

coflSNCLALE A POLEMA S, S LA SLENCS.DAYSSR HICE. This potetia

The vehicle may instead accommeodate 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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20 achieves a transfer efficiency in excess of 90%
Thi s addi ti onal energy harvesting device may al so be
nodi fied such that the TES occupies a barrier between
er (d) and warm chanber (c), as: YWk 2bdd /003901
Wﬁdﬁ”@é 15a and 15d.. The vehicle may i nstea
accommodat e one of many alternative buoyancy contro

A ﬁr‘i—éﬁlexc%ﬁm géﬂ &f gl &%y@&@%ﬁ&w@&eﬁa@ cRREsibilink Vﬂl}tﬁ:t mﬁﬂorozdal
ra C punp, Or électric notor grlve and

forpi wiek pbovabived ga/w@wlamé% agd gthsep WAfGYaY Bty i grovps as
| eYAL VAL RrthiCeSRANRLR" off 1Y séhemBl @&Web hieel toroidal
acfiNEE 5P el 196 R Sl i RAIRLE o R 0258? 5
bu@@wmzﬁ@mms g9 ghowa if figerhdpa iR ahelEge defcripe] i figores 15b an
15% UﬁX? o l%’tloﬁ?xﬁsr[tghs ¥ %@Hﬁl'f&rﬁ%ﬂd@ﬁ%b Richitdo¥ure BlAGIBarty & tends its
be evolved to |arger dianeters,
ca;m@,mwe strwsoiOdyowdy firegrasierddisplagpmsnirolames watliy f gfficient
in figure 1 Lt Tpaal t e Rivighi® e Rinderwater
ﬂ“&@%?Q%Ed%ﬂ@“ or0| % 1Qb%%yanggkg%ﬁt?§%udeJige as o
vetg#lessn in figure 15a into a helix as described in
figures 15b and 5 15c. This solution naintains the
tor0|dal formand basic architecture but linearly

Altﬁé& t égi %dmfeﬁp ALtiVed MAVE Rsainte Budyan®yl avitdeodraer of motive
er |

spl acenent vol unes within H efficien

prtwulswml@rse:hmth@w%@m@@@tfﬁ@ﬁ ey begdiscle %"F%&Péfméﬁ’& low energy
velﬁﬁre f%ﬁﬁoté detl giel o & SFuRI SR bRIpulsiRNiew1cRS as AbdclibBadtor the

nent scri bed above uses only buoyancy as
veliities MDA devef Alotthelow chergyveliglesiowribed herpig maybgaugpgyted by

d ,that augnent the
prOIPS@ﬁ (g}f'r’%’?&s% plﬁ %I%Q%Q%t ¢ fin or

circunferenti al propuIS|on devi ces as described for

the vehicles 30,40 above. the | ow ener g
In srofee Paberberichdis 1N R HiF BEPISIE R REhog gHiime may be fixed

E% Prﬁﬁveﬁqﬂstﬁﬁpﬁﬂﬁrﬁioﬁ Fatirs 98ssalSurdbiSHbRs @bnttdl, to effectively
above.. I'n anopher enbodi nent _of t

moge @16990@ fogreprd\as paEerds %%Wmtoe‘ﬁ ciqéngqﬁyp 08 pitch down_

- attilds€ 9:%1.? k. HollDUE %%J@ﬁ&ﬁ@b@%ﬂ?@n@n@ may be moved

pressure vessel under notor control, to effectively
aroond thetring. Cof G forward or rearwards and consequently

to induce pitch up or pitch down attitudes. In a

further enbodi ment, both the mass and the buoyancy

ThERVEhiBR HBY 286 bERMSEentét! By Belad Bitergst ols as described earlier for otber

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

therefore to extend its mission period af sea.

Tt is also clear that the vehicle may be modified to implement ocean gliders of varying size.
The annular construction is advantageous 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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The vehicle may al so be augnented by sol ar energy
cells as described earlier for other 20 vehicles, so
as to replenish iits internal energy store when cl ose
to the sea surface and therefore to extend |¢

WP W BH8¥eri od at sea. It is also clear thatt ﬁ%gnmmmmmn
vehicle may be nodified to inplement ocean gliders of

¥ 609 P 6B Gre JH%GWMM%CI&Q@%§ PGk 1a@BmbiSve pressure vessel 150,

vant ageous ih this regard offers structura
simiai toj the pesseirel vessol shomincineigees ¢ hjaad flr minpgjibel relatively large

oS PRI SE0 BB SL-0TURS SR oFR Y &

papexfsqzimdwsn@hidrcsdaﬂ progiuessesefts BV, HiStase peditianed ﬁ?@@%@ﬁ% of the
ar. .t

iar’gg éx’c’er Sure \%gsels §1 nl]S.b, zkd cgn&reg%? Bil g?ﬁ%%@gs?’l%@%%h ?‘ﬂ@zﬂ?al sBhuts may

thénrebicslt ppasass ureﬂel\s,es;séﬂatsm Eemlfcsﬂruaw pmw@@a@mgla)conﬁnuous

each _qt her . by axi al
v g it St fhof e 3 s aliplbl i, Btch o8 tyggprods for
fomt ppasigattiioad pesmrandsdd t The tordidal shbmer gmblps éwuthee without
vessel s 151, 152, and connected by axial struts
CXGHEYYABASS OFf{¥laxi al struts may thensel ves be pressure
vessels, so that the entire structure provides a
single continuous vessel, or the axial struts may be
Flm 7dis st peanpectivel vimendfers neitial whitede wage! systen 8¢ g annular
sulpBFR Cﬁﬁ%g SR ARy R}?s'ié Mqu% ’B&ﬁ’ Ee%sﬁf@ S8R4S; THi&ystem
RESTof a e ena ut excessi ve
200rzsBustrated m a “ﬂ@t”Fﬁ-w smﬁblle 4o be ﬁ‘@adsp e@mrweondmly OffatAreroidal

i nerti al ttltude cont I
prepfit tsftl, B bt 698 bE e vRUEH S 0040, AoBAU Beystom may be
addp®adodo ol mwf GSofl e \7‘@\3@:@? Sesselemaﬁggtsﬁcelmdeﬂ:@ibed Serein by suitable
illustrate i " frane suitable to be
adipstinentpf %W gM§dF?E§% ﬁ#@l "flat" toroidal pressure
vessel, for instance in one of the vessels 1, 30 or

40. Fbmever the systemmy be adapted to fit into
A Girsé peif mfhmsswv@ﬂtZUB\msmun@dmﬁn e rfermieobis regpertivg lgues which lie

: peﬁpende éuﬁ‘aig%th I%le A ;e%ogéjf?éﬁssfﬁ%es tzgg fﬁbﬂ&ﬁl‘t&f od ﬁ‘x@ frame

iTst "pair of nmasses re nount ed
by Clﬁsﬁcbtﬁref amewhiphrhtsmemﬂelvm dbeeSulbhixgh |Eash mass can be rotated

egn@ggld Izt% ZJI?! ’%%?;?t < ‘%ﬁ%’g ﬁf{ g% %ﬂ%&t ?fs Q%EQCH%Q bis. OBy accelerating

ther’ Iﬁa?sB@CHOQ\RGB mheéqml"amli‘bﬂpositemgdbﬂ a:lcelhnanmhs 1mpla1ttedaw|the vehicle,

R PO o oA G MR QU2 & L dag pppsite anglr

acoRMetafion BYindpael & @b vakicle, gwmg 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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20 the masses 202, 203, an equal and opposite angul ar
acceleration is inparted to the vehicle, giving
pitch control. By accelerating the nmasses 204, 205, an
@gga7mgﬁg,opp05|te angul ar accel eration is pdpaEhashss
e vehicle, giving roll control in the
conflguratlon of Figure 7. The conbination of pitch
V aodd to OIhel supfacy/ 2 IﬁeSTIyefaV\ﬁmxﬂmtsraiﬂo ro%@mﬁn&nslymbgmathe hull axis as

IR B8R B AL b

anB uweép@ rohhs Eeriel OO KEIPEDR IBSactoss dpesutficn STHetiteive? 212 Ak sensing
[ f a surface 213

e sar 212. A J:oers ecéel .\/% vhéew series of
BUPtA CHEPRRIT Belicamaits At SEPSTY | ©T5RORRE)
strléﬁs adré}@ tHAktfa X A5 contiBdevRB (i ehdvw) hﬁ;ﬁtﬁﬁés&he&&‘ffﬁcﬁvd rhﬁ)lutlon of
rection of the hull axis as |n%| cated. b

tha 50 0ARSET BB IPP ST CHOUAP GOUURIEe GG GORRGocessb sipes

1o SAHdvR S Pntkekid extbhGo/@hEdeBsdr S afdrfife atb Giin@eidhs.nuous| y
about the hull axis as indicated by arrows V. The
transmtter 211 emts a beam 214 which follows a
hel and pS .ou
A Job Rt SRS o HioBp ST HRAC g iy S
treaxhiStetdtidabnsb ok oviented wih theshenal pugpllebloi thahulpadtith anchmd vehicle

di i es .of 5. st
o HAECR AL ® AT POAEE0N (8 et i ST 1o ol 39%ep ou
a dubRd hihehdidad Of h eafek Ut dtaPes@h thd uefaderage capt ured by

the sensor 212 by processing the sensor data from
successive stripes to achieve synthetic extension of

I?ack R QP su% gx%{r&éé&rg eh&éésviﬁe et a{f kPBS docked bﬂhb@ﬁ in Figures

r|nC|p € Can ternative vehicl
9a(andBb.Ss Aot hisw ughmdhcal hmer valh2¥hibbwoin exoss-seetiero r%rd?ck may

i ent.ed a I t
be% e{&Hﬂ avem cﬁmepgﬁ?)wt P avr\{nBCFlp@gSMp%r a{ﬁ?ed é&iﬁgﬁ{é@ 4SIII ﬁ??‘é agaebour or
ofdbora etuamgb eTh@vdhhﬁe hulobesdrioshe davk bpirovieyes intlieatbdbyrerrow V)

550 BB SIS o 8 LG8 i i .

- RoIEMpehst vofeld he 1teﬁﬁi91a% itdoethe eht:lc |pﬁJvidek adbed dtabnkaﬂd arals enables

acgqggfggo%\ygqqfﬂgg %\r@%éﬁlggﬁ c?ﬁ ﬁ? ggre@ g‘%{e-v%tﬁmg-g% 81(':0%8 &efr%g $ | tégt it exits _

thd&ckormed in a ship's hull below the water Iine,
in a fixed structure such as harbour or 15 offshore
structure. The vehicle | noves into the dock by

N

23$ howe dask Ebgﬂd&semaﬁbhve}y withRel ity s¢vendeagih mﬂl 8323 the vehicle to
anslat 0.t he dock provides added stability and

r{gmﬂg cIe ba%terzes.

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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accurate positioning. The vehicle can be depl oyed by
reversing its propellers so that it exits the dock.
20 Figure 9c shows part of an inductive electrica

-recharge system An annul ar primry coi
‘WBG%”@%ﬁﬁﬁes i nductively with an annul ar secoﬁ¢$ﬂd¥%mm”

coil 232 in the vehicle to recharge the vehicle

Abatd &l’ckﬁ% mh@e@eﬁ%%@n@&p@m 136¢ aNgeRite ﬁahmneons;mﬂar in
Figure 1 dock has a prOJectlon 240 whi ch

shepse & &@dvqhwlft ﬁ@ﬂ duatthis easel thro Sylndgiendi dosk it REplissAdry @ hollow

ticaPhrofel@ort 1Hol wilith REEMEE i &roés[ke&loﬁgﬁtho% \@Qvehlcle 260 is not
2007/ 045 87 PCT/ GB2006/ 003901 A third doc

shawn dm gemeseetion). Jhowrripaiori2gieregdvedon ﬂamdla-ﬂt @Jé@ hears ggainst the
mffe%%aﬁlo?ﬂ?e 1 15 sd¥utedf i p’fhce ?gg‘% &g &Q@eﬁ&@ﬁ@d R 240Qed Ydtiant of

IS case ecylln rical IS rep aced

ihbivtepming Hesiatr ALgurp Pl il o tohor 250 aithoh i e Lhwiis 168, Thero
is I‘fi ers%l%%ﬁﬁeo 01( ﬂ%tﬁ&%ﬁ)g&ehgg of foﬁg)clhgg%g&t lsg ﬂﬂzo#ro S50 can

oss sect rojecti I'S rec ed In
pabh@nchltely a%trdughetht duchg@hmwthidlhe Gploperery swlihg 8f préjection down

SO%%V?}%(Q%SIII% g‘ tt} apli'oglec é)ngxgdetr ltl?e fphée ofﬁ%ﬁrt I',lf dégmtﬁzle%:charge
syfteg iia§ balemiptoylad i 4 sih@rmamdr iatFﬁ@mch%d to t he bow f| n

262. There is no superstructure (for instance
propellers or fins) in the duct so the projection 250

Fl%ﬂgﬁ Oi},:gﬁ%&ﬂ"ﬁc%@ b¥nd g&@ QB ohi gl Lbféws JENEsiMR hr'el%'cf% 408. The

y angling the projection down so the
huﬂeﬁuthﬂ whirflé Wdewept with respest ts) e b axia S8 brintcpmfosveth e vehicle
shgmfvxf ﬁlg%reﬂh SR i Pods€ BRMABas %&w;p %gépd%}‘aoﬁ%mymg a bow
ﬁnlﬂE anitﬁb:twn @in 23; ande s‘wephback@orttons:amgngﬁdaom ﬁmﬁQA anfisstern fin

) R A BSOS e
inesiidlhattithée vedtiot kestens IQmmhomFmgmlnem Sauchire thiite systethifewn in

Figges. v Beeiiila vae RS Ao R e 3Rl YR, SRRDYRTbo cithor

indd@ thé @bt BAFOMERG ok 0 ckisioPORiantids em fin 15 605.
The vehicle operates as a glider and carries a
buoyancy engine (not shown) and an inertial attitude

F@%&t f391|af1§3i§l§ é&%mcfm @J.?Ws _Fﬁlé. vkl l§t7bb'CtIﬂ @e i8e is shown

en1s Us the vehic as a
wifhid pryspldmmﬁ wstmi obithe kmds%haspe imFighrerio with pwmthruatvqgtoe propulsors

702.;/{)@ o|n8 Ipf g}elsg% ZQ]E? %Ct si 1%1 19&&% ngf ﬁ‘ﬁ@qvélﬁae 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 harpess that provides
data fransfer. 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 pifch control. A sensor 704 is shown at the stern of

the vehicle.
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Figures 13a and 13b are front and port side views of

a vehicle 700. The vehicle is showmn 20 with a

propul sion system of the ki.nd shown in Figure 1, with

to¥ Rotdikddst vector propul sors 705,706, one gfr&BMocn03901
shrouds /708 being visible in Figure 13b. The vehicle

is tethered to a nother ship (not shown) by a:

Fiparandds axtde1t4bere ﬁgmhmchpcbrnsiﬂmuﬁiewg oba pabidic 805t Hehe vEBiLle is tethered

S Bin GRS SRR S e ks g cata

tcomdtdaerost @k beiﬁcﬂel Fhel e:.theﬂael isgirtlereatiatigrinached to thedmudh tgr a pivot
single.t h harness t prOV|des 5 data,trans
(R AR PSR R oo P R SRRy, Four

" finehkdlted hats aﬁna@kdﬂhta Ihan.alUPth&ﬁﬁ SUII mmrﬂﬂ summdo@ﬁ £€£804 are

St R GO TR S S5 Mot Bk 5 b ivor

ingdiched upmﬁerdqine 6y SRER0J 80804 eff‘éct%hﬁty\&d%tav& *Bust eThe0fehicle 800
the vehjcle. 26 WD 2007/ 04-5887 . PCT/ GB2006/ 003901

ispnoge rigd apd Jess Aesceptipleoewing fhittenihan poring dbisalsamopssetiicient

thin \éehlvﬁh§ boiilse &hzw ShHuBbE diaf etnﬁtlﬁﬁ‘éﬁsgd phtéh @taH@iU‘ BEcause the
hi shown) and towed by a single tether

'“WWWN$W%@“@mﬁ§Wk%ﬁ§mt data to and/orfron1the

vehicle. The tether 801 is preferentially attached to
the hull by a pivot (not shown), although an
Tiad tehicha ideserbdardboleecaadhoansal ﬁsayuta:lxcsmzb anmsedd undersea exploration,

. satisfactoril Four .5 as are fitt, .atghgﬁ.sten1of led

imagiey pEpectiQl, Slapping fnd @sean $5apc mopt &t fhg,propetle

vebdfesangy bsOWe drdermbD 80®@nrh4R chﬂhethhﬁadsﬁ(ﬁﬁjhﬂaﬁﬁg fand) ths glider
hi. dden. Each of the four fins can be pivote

verions mpveke 19 QRSP HgedrotoveYs ﬂ@dzﬂswg@%wg Aesigp dg pealeable
anli h&Mb ARG @M ¢RP Al velliBRs Vi sph® B8 Qured $n BTER camghédm, to

and | ess suscagélble towng flutter than a V-w
very lyrge red vibrdesewih e MRt vnw%gnﬁ’&saaé% V&Pwles can

ackSMnbaRkICE dv:Qfe%Q C@In Giehdd r @aeRRrdbioh< N icthidRigh | la¥ers; geophones;

because the orrective pitch nonent is | ar.ger..
hyrphonsy dovesTremeesy; ekl disevaucy z#ndpfiglis Sgayeapy sonar transducer

proydliBROBRY - ﬁig%gﬁé‘ 6 HROIBLREA SERWE RhERbnal inf%g%nsors The

I'nspection, pl ng and ocean science nonitorin
vehigles arssalen, suithie ﬁcnog@lkkrmd or pasking lie banyr bertspor ggage; or touch-
o1l SPQATE By S AFELEL and 600mm fong, and the
srons-.na wo-to four tinmes bigger.
Fbmever the basic vehicle design is scal eable 15 and
may be utilized in very small vehicles with spa

T@Mt@dnqhwe%byéﬁnwﬁ ﬁglthgg Senattl§ the vehicle to “h%ver” that is, to

maintain substantially no iranslational movement. This is in contrast to conventional
autonomous underwater vehicles which lose stability at low speed. Whilst operafing 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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very | arge ocean vehicles with spans neasured in tens
of netres. The vehicles can acconmopdate a variety of
sensor configurations, including: |asers; geophones

hydr ophones; | ow frequency, md frequency an

VPeHUIBOMSY’ sonar transducer projectors; CTmﬁ&m“mb"

el ectro- nagnetic sensors, linescan and two
AL LR U ck ROIR e ARHEARL BencliDe RN FTIoEE PR ORI A Gort of

bublr mgtandgmch@ﬁ crtudm o), indighieh) theinterigreof dfethéipeﬁEﬂd Witk the mnaterial.
In tfn? lées1 b%g uﬂﬂ 1@%1%1 !rr}a% be{ﬁglﬁﬁ%ﬁe\/ b%hl?eo@% oﬂfé? Hﬁmeter may be

conmaniealtm lelﬂmsﬁeanﬂhahﬂayenablst mta’siedtaltbﬂa\tuﬂrmm mrmdal pressure
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anglgbo, 81 oL WEER' 1o, Ve ﬁ@@%g?ﬁ é’%{/‘"é’ﬁ%c‘?ﬁ% %15. 4 G lo"drPg and T
foldbShARSE by MbRedn @Pﬁeﬁt.h SRRV EChy c&xﬁnﬂ@s@&@l?b@ A4R88Hicle about its

PCTIGBZOOG/003901 al ternative appl,i cat hon for the

axipelhp cldewaderces ?Té%ie‘h‘& BrRcs8 HRY Fraffgecegy fistead, magous S forces

ar V\%eﬁ&%ﬁﬁwm&ftenmldhvgﬁk%éﬁléﬂeu SHEGWR DO ehOkild., 1N

ich the interior of the hull is filled with the
material. In this design the annul ar huII Iength may

e 20 netres, u
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T T S T S e

Sﬂaﬂ%momgaﬁe@ﬂﬂ%ﬁﬁe vehi cI e payl oad needs to be
carried, an extended payl oad section could be

conflgured as a toroidal bay that would be fitted at

2T SRR TR B DI e

so &g l@gtc@bl@ﬂn@ﬁ Ba mrﬁett meide tl‘teh:&ltar dinll ehe depdoyed iffoft th@fvﬁhlcle For

e B b B!y S i
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anﬁlﬁﬁ*%tﬁlowﬁﬁ Mt 5% MERisChRl WP offer dﬁ)ﬂléter lifit4 Mees! Thé Populsion
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 vebicle, 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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A further alternative application for vehicles of
this type is to subnmerge the vehicle in a
liquid-filled pipe (for instance a utility water
Wo%mnﬂfass‘?n oi | pipe) for inspection, repairp&figahemizo
other purposes. In this case the dianmeter of the
vehicle will be chosen to be sufficiently small to
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abopdheaesaiacsur f ace vehicles which are only partly
subnmerged when in use. In this case, caneras and
radi o sensors are fixed at the top of the outer
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and sonar sensors are | ocated aroun
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i's enhanced stabilit
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T ent wave pl erci notion which is resilient to
be dleat thab ﬂmcp:snomiqmd m hvaerd i the 1@Yersesg@|ﬁgura§%§pot shown)

Wbﬁ’ifrtg%‘za%e%/ é’\fﬂ% l&%ﬁ?eg dﬁg I%(ﬁfﬁgné)t icu atfﬁQ?ﬁn[%lrélt ance

when surveillance, or inaging, or napplng oper ati ons

woul d ot herw se be conprom sed by unpre d{1abl dine &
Axsasmmtedrmmr@hﬂeamsﬁ ywgd for @ﬁ@gﬁmﬁ@ﬂy\m‘xﬁﬁobqe & YAy according fo

E d Qp{h@%ﬁcfe%dttﬂ! ﬁre%]hﬁ@ Tockieédn@tioRd, OPkEnS@laxed the
erres own I n Figures 2a,

vanes reduce the effects of cross~ﬂow currents by allowing for efficient fluid flow around
the vanes and through the annulus. The upper and lower vanes may be adjusted
dynamically by the control device to effectively introduce positive or negative wingtwist
into any or all guartiles 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
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3a, 3b and 4a-4c allow for adjustnent of vehicle top
surface and associ ated sensor hei ght above the sea
surface. In further alternative enbodi nents of each
of the aforesaid vehicles the annulus may include '
YOS sl ot s 110, 111, and feathered vand€LT{GErH6/n0390
113, 114 on either side of its two 15 elevations. In
. Tt _ _ ¢
2t FHAIPh SPGB i @or BRI o et vane
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rel axe t he vanes . r ce the e ect Cr oss-, (0]
feathgred siapes. Hyy this FWM@S‘F Fathred, vangnodr ey 56 dare ety by

_asslgéatte&‘ BrYANES B CeltdiiO WeHiors, N6r AU - bel lAEvaD Rdiredthd using a

ower vanes nmay be adjusted dynam cally by the
meghypicalgeagisdpction raiognrgesatisnye| v i ntroduce positive or

negative wingtwist into any or all quartiles of the

toroid, which nodul ates the pitch, roll and yaw

TheTBIsB RbStiGH! sinitetvd orhe holl sighed (e viived alongnhdbullisey) described
either to stabil.ize_the_ vehjcl i nduce rapid

hergioy GFES Gvanjanes T Bl Veniele 5,18 D RRER b SOunaRusgiel mode.

HoWeiet S MWweilodfs bdviels dueHahVeashomahats of2@e WRention (not shown)
2007/ 045887 PCT/ GB2006/ 003901 that sits within a

incldied encl osure using a reduction ratio gear

. mechani sm.so that vane- actuation within f 90 of
travel can be achieved within approximately 0.5
seconggbodifnents in G¢hOths ihdmtantfoe ogentwalil of alxt heteebull do not

Aot e BT 5 NEVPL M RS Fory R ge Riig g may
a shahiveWPobfpohsl afiilashast (RphfRhexhgondl étbhe t or oi d

surface, and which approxi mtely bi-sects the Cof G of
the vehicle, and where two such shafts and

? ﬁ:-ogl%xg’éoecg@&ﬁ% %rhh %Enecg e o is trﬁ(\erldecrl] cl:l‘lltg qvech ‘or %]oq'e \é\'cf:]p%ga e ducts by
suitable partitions '

» ombodiments in which the outer hull itself defines two or more sepérate ducts

s 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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shafts subtend an angle of 90 , and where the axes of
both shafts are aligned to 45 with respect to a
vertical plane that coincides with the axis of the
-ﬁgﬁkgh,ﬁmgnce again the -feathered vanes maypBEGR2006/003901
rel axed, or they may be driven so as to nove the '
fluid in any 10 direction subtended by the pl ane .
descr i thisctakey thehiectaxiideqfartiaie opssowidtha flbsruasing elept dellengh. By
the feathered vanes, l.n-this ex I eat h
.vanes g h’gfa{l§le B &g rllgg éﬁgrgel%?% élfqrét%%lﬁfy A0 56 degross
associ tat &dll il sdihabs suls@ntdBodnnilar soiolHrodde hveydynmayic lift at
be driven indirectly using a mechanical gear
reduct?ﬁﬁmgﬁPfﬁ’ chani sm The high rotationa
symetry of the hull shapes (as viewed al ong the hul
axis) described 15 herein gives advantages where the
Figeies Gb-d dnd 12e 1be ilbwkrtia aaybmersihlecgider with @sbuogitcy epefeol engine,
he 1nv ' t 1Y/ : '
ol O om0 ey b o R o S KRR Ja4R ox s Se 50
meyrbe diserbint 3 sitmneskibletoy tetidérrsed, fandistince i er swimiting pgol. The

t t er. .hul.l.. do . Zseul ar P ot
bt e POy PR forb i M B or el i W smplicrion.
20 have a pol ygonal annul ar shape (square, hexagonal
etc) enbodinents 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 enbodinments in which the
outer hull is evolved froma |am nar flow hydrof oi
as 25 a body of revolution around the hull axis by
an angle less than 360 degrees. In 30 WO 2007/ 045887
PCT/ GB2006/ 003901 this case, the duct will be
partially open with a slot running along its | ength.
By naking the angle greater than 180 degrees, and
preferably close to 360 degrees, the hull wll
remai n substantially annular so as to provide
hydrodynamc |ift at any angle of roll. 5 Figures--
5a-d-and 12a-12c illustrate a subnersible glider with
a buoyancy control engine, but in an alternative
_enbodi nrent the hull profiles shown in Figures 5a-5d
or Figures 5a-5c
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may be used in a subnersible toy glider used, for
instance, in a swnmng pool. The profile of the
glider of Figure 5d (without the vanes) is nost
preferred in this application. 31 Cains 1. A
subnersi 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
annul us defining a duct which is open at both ends
'so that when the vehicle is subnerged in a liquid,

Claitshe i quid floods the duct, the vehicle further

conprising nmeans for rolling the vehicle about the
duct. 2. A vehicle according to any preceding claim

Wres @inkriihg vtarma%aﬁmg athﬁiuteg RgIl vhieh deRitsc] imuad&wﬁndtdwears
OoSI Tl on N e uc
sl Syt s g e A Al dnG T g psannulus

f Qfeﬁﬁlﬂé b idog vitieh is edn all iabedstsottha vehiea the eampsé &e;fﬂlbmerged

wHePeIeE; e Rl Bieck ane Sy r 4R ST BT GeT Splgfrcing'mars or
s yoltiref thy veliigeibbodidhendiidt. axi s. 5. A vehicle according

to claim3 or 4 wherein the propul sion system
conprises one or nore pairs of propul sion devices,
edchehidé mcoodipg itsiany mededingt claievwowreipi thetragdng for rolling the

MOURLELNON the bidk & o%ltgﬁe@fn tﬁ@&g!ﬂ“" axis, and a

secongggeV|ce plv nounted on a second si de of
t he hul | axis opposite to the first device. 6. A

vehig; n’li Hg aB ﬁ'@evﬁﬁﬁil' \Eﬂergilnath@ r}é%‘ag{s%P rdihg the

nmeans ng t out t
cdﬁwlegé@utéhﬁedtmt cmp@eé@rﬁﬂawfs'@wwms 7. A vehicle
according to claim®6 wherein the means for rolling
vehi cl e about the duct conprlses one or nore pairs

ot ¥RIHEe Gecding de edaimed cHrasinyhe or wfsaow pysigm *@érfPFaBP“a*

SéjhdeRy ShoudtHd Huitaxil de of the hull axis, and a
second control surface on a second side of the hul

axis opposite to the first control surface. 8 A

v@hictilck Re6@mditegialg S(Hr alwne@e:@ rhe7prwm@1 systdne cOfipreaé line
control surface onpr i a fi e
or more pairs of propulsio dewces each palr 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 roliing the

vehicle about the duct comprises one or more confrol surfaces.

A vehicle according to claim 6 wheregin the means for rolling vehicle about the
duct comprises one or 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 fo the first control surface.

A vehicle according to claim 6 or 7 wherein the or each control surface comprises

afin.
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14.
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32 9. A vehicle according to any preceding claim
wherein the neans for rolling the vehicle about the
duct conprises an inertial control system conprising
one or nore nasses, each of which can be accel erated
so as to inpart an equal and opposite accel eration
to the vehicle. 10. A vehicle according to any °
precedi ng claimfurther conprising a buoyancy contro
system 11. A nethod of operating a vehicle according
to any precedi ng clain1 the nethod conpri sing:

3 [Fialys=1iFs1N %c&rﬁiﬂ d;ﬁ’ebé!it@ blafit ivblettire frebyicdriterol irSlitidthe

fl oods the rolling the vehicle about. its
huehiclg,gheut meoféfgq% CSm;BF'ﬁ‘?SaP” ffgﬁr%’ﬂ CPRHR) ISy tFBnemPlising gne or
A0 GnREEH A Bf Wwhichl @innbel dcdatliritbe ko @ limparnan equal and
nalntalnln t he veﬁ%cle with substantially no

t PRAY513°6 %l’lat'%‘i?et ¥eM@Ri 1 st rolling the vehicle

about its axis. 13. A nmethod according to claim1l

rther co ng incl ng.the. vehic
VPR SRS oy TP SIS e B RS P
ah@ﬂbmlts axis, thereby generating magnus forces.
14. A method according to claim 11l further conprising
pul sing on a propul sion systemover a limted arc of
r dvmkthod ari opérating anaethicld accotding ® amt wfege':&tg:@iﬂim' e method

c%%&&%v%g%gw He v\éﬁ.t!; Gh§ ilﬁQHWHesfﬁ% b3 ods #buct,

nprises. tran
v@hd colinghe behicle @bomtnfg htUlh exig #npeghea pislity © rqvgiU&@ﬂSs
and acquiring sensor data fromthe sensor nore than
once per revolution. 16. A nethod according to cl

1% mgihei @ccqgwgrtp glqifg 1ﬁrf@5g%rsqqqgm§iﬁ@ maipfaigina dbe aehlcle Wlth

f %Qﬂt&ﬂ%ﬁ)‘?ﬁﬂdﬁslﬁ%\égﬂ & JeniEnt WhilAFdhirB\Se VHdBhdE its axis.
extension of the sensor's aperture In two

di mensions. 33 17. A nethod according to claim 11

f W fRBHodCRBd Y fégciﬁiﬂ'nﬁﬂ ﬂﬁiﬂéﬁesoﬁfpﬂgihgﬂlﬁc]&nlﬁ@ tﬂieh&ehicle at an
vehicle to an external %SCt an oII|n

p@ggi?lter? efrreng én y@hli;qﬂdewp t roliing %e ice about 9(5 ax;s thereby

generating magnus forces.

A method according to claim 11 further comprising pulsing on a propuision

system over a limited arc of revolution of the vehicle.

A method according to claim 11 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.

A method according to claim 15 further comprising processing the sensor data
from successive revolutions to achieve synthefic exiension of the sensor's

aperture in two dimensions.
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17.

18.

19.

20.

21.

22.

23.

response to the sensed proximty. 18. A nethod
according to claim11 further conprising laying a
cable fromthe wvehicle. 19. The use of a vehicle
according to any of clains 1 to 10 conpri sing
subnerging the vehicle in a liquid-filled pipe for

i nspection, repair or other purposes. 20. A nethod of
docki ng a vehicle according to any of clains 1 to 10,
the method conprising inserting the vehicle into a
substantially cylindrical dock. 21. A method of

d@CKieﬂ@d@c&!&biingHS oA Ordiunigert nafyingfsendiag the: ;iroitmi‘qlef the -

the 0 risi.ng inserti a,dock .pro L
 1ebEn G torBs Sl prid Gt hep by PR gbiie Kact i
acespotsay thosatpgd efoxirhii. s 1 to 10, the net hod
conprising deploying the vehicle froma substantially
cylindrical dock. 23. A nmethod of deploying a vehicle
adc arathatgadoordimy tofclaihal Trurthet @oh@risingrdaying hochble from the
CQERLi,Si ng deploying the vehicle froma dock

prOJectlon received in the duct. 34

The use of a vehicle according to any of claims 1 to 10 comprising submerging

the vehicle in a liquid-filied pipe for inspection, repair or other purposes.

A method of docking a vehicle according to any of claims 1 to 10, the methed

‘comprising inserting the vehicle into a substantially cylindrical dock.

A method of docking a vehicle according to any of claims 1 to 10, the method

comprising inserting a dock projection inio the duct.

A method of deploying é vehicle according to any of claims 1 to 10, the method

comprising deploying the vehicle from a substantially cylindrical dock.

A method of deploying a vehicle according to any of claims 1 to 10, the method

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