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DESCRI PTI ON GENERAL PURPOSE SUBMARI NE HAVI NG HI GH

SPEED SURFACE CAPABI LI TY FI ELD OF THE | NVENTI ON The

present invention relates to a submarine capabl e of
WPGHIONGESH | ong-range surface navi gati on. BACRGROSAY7/072978
OF THE | NVENTI ON There are n ifferent types of

vessel s that can be claséwﬁgg%%ggoghbnarinegpor

subnersi bles. A submarine is typically considered an

aut ononous vessel, capable of noving forward and

changhCRY ERATeBURGAS BLS1dRNM ARdiNET H AGdpabH Es o SPRabi Y&k kA0 L

on the high seas, wth seakeeping capabilities, and
capabl e of safely operatiﬁ@PﬁHﬁégrﬁﬁter. A subrmersi bl e

is generally considered any vessel that can subnerge

and operate underwater, but may have limted or no
capacity to navi gat eFlHi® OeadiOINVENTOWMY. Subnari nes

and subnersi bl es both carry human passengers under the

sur f acd herespgl egneien rofpes éf oy magg capibiraliigh-geed. long-range
s%g%§£§hgksggyst at least be able to attain negative

or neutra uoyancy, and provide propul sion for the
passengers. Mst subnmarines and subnersi bl es al so

provi de sonme sort of life support for thegigssengers,

t hough s?ne submBATBERO WY Qe bt NYEE TN sengers to
wear S - i U . ‘
(Saun i P SNBSS Ves AR N CABRA &L Sybmarines or

kegpmtRlRagsangesise safypidanproididerpd es autotobud Wssel, capable of
wat er at depth. Buoyancy i s the upward force exerted ,
bynaxan e foryardand ghansingeticstionsandpay iigr. sshis o eavigsjaen the high
A vessel, will float in. water t y -

oo n ek bert e PR Bl BB, SRR B ot 4

t Rebimes st isdemitallyldoasiberey antvebser et dan Sitiniggd 4pd operatd underwater,
object in water is called hydrostatic lift. The ,
nmbghitaydevedintited o meyapacity 6¢ savigee the thapepaisiogn Splmarines and
i s _dependent ..of the anount of t i spl

ot DGR bt SyRTR e By HRB e SR RE A e Apergfore any

waliBhari 8 ssuibeRiP1¢ Suittat REWBe aB1B € dtfaird R@ath@tol AdittaBbuoyancy, and
sealed, as in a vessel, it will push water aside. The

v alreiee pfopwksiaar forlths prssergbraniM st pebreayugh apbsubmersiidpyatee provide

SSRGS e

aGak A g8 t AR AW B ontfin ROURIer et BRathe IhipaefusiBEUBA) gear. All
submarines, and many submersibles, keep the passengers safe from the pressure of the
water at depth.

Buoyancy is the upward force exerted by water on a submerged or partially
submerged object. A vessel will float in water when the buoyant force pushing up is equal
to the gravitational force pulling the vessel down. The buoyant force ptishing up on an
object in water is called hydrostatic lift. The magnitude of the buoyant force, or
hydrostatic lift, is dependent of the amount of water displaced by a particular object.
When an object is on the surface of water, gravity pulls it down, and if the bottom is
sealed, as in a vessel, it will push water aside. The volume of water displaced will be
equal to the volume of the object that is below the waterline, which is known as the

surface displacement. The buoyant force acting on an object is equal to the weight of the

volume of water displaced.
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vol une of water displaced. Since the displacenent of a
vessel on the surface of the water is dependent on its

wei ght, it can be controlled by using ballast. Ballast
Wa 20943480 wat er that is all owed to enter a veZ§EUS2007/072978

into seale ment rfa

i s typPt4F ﬁv%@&amﬁ ' é‘l‘1€§5§f Orb% E{Cﬁﬁﬁﬁg Bgé%ﬁepen&m on its

agv(ylgh't apaly H%ﬁlrgl@e(f Wuélmf\@ﬁ laQP'Btllle@% Rfall N & afRi is allowed to
l'owers the ship® s center of gravity and

themeﬁ&eﬁenmnmea&bbthsmpmabﬁﬂ$ty on the surface.
Subnarlnes an subner3|ble haye hjstorically no -
needed "baI &t REaVaTET PEYPIEE %ﬁ%‘*ﬁ?@#‘fﬂ@%ﬁ#‘&éﬁo add additional
SIiNGE (& DRV OWELI Fmﬁ%H@M Yhliigatys NAVSs el @1\% Q%@Bt@f oPfravity and

gravity and l'e cargo variability. They also
tylp)arefafd mcﬁelaieswe;r yrabibity ion thhesuvfadee Sutvmitieess smd agledgrsibles have

h only a very snall vol f. the over ves
BRI R Ol S Wit Biraip 6 OB BB Bl usually
}
LRGP S04 LR P L3R, RPRACL RO 3 Bl D
eiviehebwrietheeiang wihile sdifsgidacghenty aotryamalssimoof the overall vessel
|ncrea5|ng its weight; both have the sane mat hematica
ef3pers the pigteglifisnar i ne t ermi nol ogy, addi ng bal | ast wat er
Is ty pllﬁ F\?ﬁaﬁﬁe?é{%uﬁﬁmﬁ ﬁgllég hr X rtl{fddgﬁﬁﬂﬁhla& &Hﬂﬁéﬁﬂl‘éﬁfm to help

When ba artments are ey are | ooked at

. aghdeking belsseind Sluaﬂabty Tivédutan dk lopkbdimyasither anltcingtise displacement of

accounting for no buoyant force on the vessel he .
rm"s‘ées%ﬁi Of s a1 HEEhBOREH faim e aRhaRtica! et n submarine
r r
oABEH DB b DY GRS LR BB I 8 Shovuny
c a\N hedbyaki abvherticap aednBntey alierioa(e)‘dhefeyxs &Ieirxgvesxmitleﬂy neutrally

to enter and reduce the buo%/lépr of a vesse
r éﬂwﬁtlﬁgath 1ugipecpPRlbrgTENtne Pyaltders| @ t&?ﬁﬁ&ﬁﬁ@é Ve mass of these

u aﬁ %gﬁxfyar%&{tﬁkh&%mlso%%g ﬁ&eré&kﬂwé @F%uo Hred to Bropel the vessel

mer si tain neutral ancy
adlﬂd%ﬁvi/dﬁ@‘ Thee @Mﬂboﬁba@@bﬁt@&te oehasalled\Neariabdd dlsplacement since
buoyancy refers to the condition where the upward
fdb@xe ﬂBﬁWbW@Jt?larﬁ%)ﬁnéﬁ‘(ﬁufa}ds redyec dbsviiayaacy @ | dﬁ*sg} AVi fegucing its
; q ndltlon a vessel can use its propul sion
placeny .
sﬁ% o rise, S|nk, or nove about in the water. In

typi Ca' Farubaséls n@pablehef weidghvataf opbatisgssedh ias Slﬁimarines and
such that it is just enough to overcone the buoyan
f owbéletﬁléest» dey H@S%@§émel@a¥ huegency by plisgEedhe amqtﬁéof ballast water.

t h Glé d"gl)?x aac er g V\t,ao ttlzer %Or}l%m/()%a e t?lg ué)\bﬁg qu%% o?&f‘oaﬂflcy equals the

cann ood
wWhilshh el gtillbhesvithen ﬁhi@lcﬁhkﬂmbxu@yﬁﬁ&y canTideStsgbpiilRgn Ofstems to

the weight is
rise, sink, or move about in the water.

In typical submarines, the weight of the vessel is set such that it is just enough to
overcome the buoyant force due to the vessel’s fixed displacement. The fixed
displacement is the volume of the portions of the sub that are watertight and cannot be
flooded, which determines the minimum buoyancy. This setting of the weight is
necessary to allow the vessel to submerge and attain neutral buoyancy even when it has

no extra weight by completely flooding the controllable ballast. Thus, the variable

displacement is determinant of its payload capacity. The fixed displacement in most
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necessary to allow the vessel to subnmerge and attain
neutral buoyancy even when it has no extra wei ght by
onpl etely fl ooding the control,l abl e ballast. Thus,
‘Vﬂé“%ﬂW&ﬁ%le di spl acenent is déterminant of i t BCT/US2007/072978
payl oad capacity. The fixed dlsplacenent in
NHORYBRR S ‘ffé%dll“%d BORTRIVHEY e resyunsi Bk ihe peengiheed pagsenger
MUty Sl SRM RO B AASSERGRS o (GRIRAL Pyqf, ha
treme pressure o the water a dep t h.
Ty pi callyso®dmSiudueressiiitese asdel s edhérafcemdt\hﬁg science or industry
deep-di ving science or industry m ssions or
s s i Voinghallser-diytngo FF&Ieatl?lIaést”PBotBrﬁ’ﬂ% )}Iéléeé Ipfa\f? eth¢ Hainimal
I I I t r
c&{tlg)lﬁca:l))/l%%ﬁlaﬁ le%pés%gb(@ rga%ﬁ the!’]g&@ga%@y }[lﬁéea%g LI[§ dre é; jhsﬁsatbove the
enaagh jta CaﬂothVt@atﬁse'n@eSg@g&r@ tenin@dr @ndedXite tlel. The variable
vessel . The vari abl e di spl acenment is extrenel snal
cdwplatre@@em & etismehoumall @mpried 6 thiagpivae ehimd displacpagi in these
ve hi [l
ar é %18 tSDuaekEJ%;ZJ)Ff‘n ?ac‘i 16%6 ﬁl%glﬁ]web%%gs‘?ﬁless %@ not ;?%g {Bg EIS§ b%@giﬁugh above
aktcaw f@ceﬁ@hﬂéwta)me@&1t§/|E)EIhEer@1|uhh|§&0 Id@l&e&ﬁb@kﬁtbﬁb@ﬁéﬂm& Hey are not
wat erline. They are not able to achi eve the anpunt of
p@élle ¢ aedidyg Hiaaregrnhelressiae Puayeneonesessaree gp fry Kepring the majority
sur g(\:/toé me Orrphe e:égelsl H{qﬁerw e}\nﬁen s%?f%%] slilx% gfsie Ilf% é%%ﬁhe vessel
| in® ke @ sholdbsindedaater arﬁiWhlw'Eukﬁc&U H(ﬁ@‘eefér tHr!O&@Igﬁ approach
this design approach gives very limted ablllty 0
t igiiee veonimied gbtlitade tard @l hewsriacs end allews deghelowodegree of
var i b|I|t ayl oad. While originally devel oped for
V?“%éIvln %ﬂomgssels capabl e of underwater operation
are usephilodayinhDy devabsta foamiditdty Qlse PUEsRES @apabM R ificrwater
submari nes and subnersi bles are very speC|aI|zed
t lvperghon wegr ybasigtofdap ey e side atiefat ofspinpeseas Mrdeint %Iﬂﬁylarme% and
hat_are gsed

s éﬁ%ﬂ?ﬁ?%@aﬁl&e};gféfgfﬁg%g%ibleg ggtég Nayng, o veaseis tﬁa Rr2G8 military

use

I @b sipPARlmS hadhb@whslivased e B &adciledti BEreSiaadhltd thse that are
of subnarlnes and subnersi bl es for many specialized

ta1§¢ds forneectqatiengestetiatv- @up@d@@pﬁ@@sé&lg@@@mw @f submarines and

er wal eration .e ts.that can
oL A SRe e B 4B gt By sl capable of
undes it op¥Reiss lextshathal Gnsylskd feosuiteid bsiiRAMonsaMkkre is also
possesses SIgnlflcant aut onony, navi gation capacity,

andrrerthgeo ulithawetsr yessabthar isrreslli noviséficionagnd meseﬁmgmﬁcant
navi ate on.the high.seas

hi
8W g%vb%aélrolnrfét amt}x %rapgevggg gplyi%%)grtﬁ%ges fo use today that can

URESIWRL ST tHRPSLR LN Hu@e t slh'tfﬁs@&i/ hgBta-PRuiARRes tA Al vessel
sea- keeplng abilities would be extrenely useful in

b@apaqm wﬁﬂaﬂerwaidmrayloamthttmemh@gmem Qa@wty andecalkespigagbilities
aM(? a%'f lée.grtlelé? ase\%gl 153'8%13%&’9& L{T?ry ang %o %e military.

The designs and capabilities of existing submarines and submersibles are varied,
from simple underwater scooters for divers to the huge nuclear missile-armed boomers of
the United States Navy. Nevertheless, all existing submarines and submersibles share the
common trait that they are each designed for a very specific purpose and have limited
utility in applications outside of their intended use.

Nearly all of the world’s true submarines today are large, ship-sized military

vessels. In fact, the only true submarines currently in use are the transoceanic military
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from sinple underwater scooters for divers to the huge

nucl ear m ssil e-arnmed booners of the United States

Navy. Neverthel ess, all existing submarines and

‘ggﬁﬂ@f@?‘%!}es share the conmon t?ait that they BrE/USZWR072978

designed for a very specific purpose and have limted

utviessetsysedbyapp Pise med ohershdestielizeqiegtions. Ahessdecrng the most
SP%nXUcaked'vesst c&pé’b\ﬁ) g under\y/elljtgr czq%lba 0{1 cO? Sbug P'd?%ea{)ﬁl y

t rue sHRHaness sty mt;@mteial-endau USHi i@ gsibhiRrihésaRa REEARN 6 wide use
mlitaryvessels used by the U S. Navy and ot her

i ndose W ald Yedll ril?ehenmd@m Theges fbﬂéaﬁabﬁbtﬂgwi?h@fﬁéélﬂ“ﬂe speed, stealth,
I sticate rwat er {oger at.i

OB RN e 3T T REPE Sl AFELE S BET TR0 charee

Mdidctrdd BatSHEBS 4 MeS NN aepoWeF die8l oid tHR: chi$ &b et inhdihs underwater
Wrld War 11. The nodem versions display better

sutare rfgﬁé@ed m@y d$q§eledects‘c eabmprinesny tar Hemdlavy lsutl igseme foreign
simlar unc e surface en

CHEY 8 Bhece et ot pdrtindie FeS sl S AR RES i vitou
derbGng a@a ﬁfemna m@egdtygieanp SnNNALH VRt Blach V& y Mew itk to add
many diesel-electric submarines in the U S. Navy and

i rruppings and ee¢lgngnavives. The atom c reactors used to

power t{1ese vessels ca erate fo oyears 't_h ut . deach
heedi ng! TGOS GOy SRSy ST At Tyl L msiogs. and e

SUhfsaieg t ﬁ) ¥e§ wsuamdmﬁbha]emyaa%nmIclagasofas,a@lmaﬁﬁ@am]gej S. Navy
crews. Transoceanic mlitary submari nes are used for

mequyredily hey dntOmo-S¥iseSabmarsbleSblp Bilsticonissypdiucksar (SSBN), the

1y . i.shed. b ti.cul I f ;
oo EE SHEouaetiadls SRRy T ie Bh petiesg seavol
Sm{e?élplle%’ ?NQCI@Q'(‘SSN") fasdBsSaldl 1Be N‘ﬁ%hﬁ’@SSN%@@N Thd Glo-Class
Subnersi ble Ship CGuid m ssile Nuclear (SSGN)-d ass,

t $SBNsaldnigevesasdndmSsawot ¢ aSu biadthyi hdteleShinsh il Foerarfor ballistic

E et e ioal it
STLAld QY 1R, ﬁ)rG%- SRR ALThORIA h8d §€awolf SSN classes are

m ssiles. The Class are booners that are
c ofavtedttackl stionarares,yand it Yergmis SSNedasangl atfest gnokesuds cruise missile

| at f for Special, Force Th A.. d .
STt PSR, 1238 SB%CI%}HS”P%%R ity 34 B mvwﬁéﬁmaaﬂ%nafe atomic-
t hﬁ(m%%r&g al @agﬁﬁ LEiFRS: th St %aitag%b fad baek tﬁéjglrfa%E Wi &R water.

M ssi aun platform and Special Forces platform
Al U. STraNeoeyarse bmititary esbarened erd dpogver edr dodg-cappabireising at

el S S LA T L

%Qﬁ? ad lﬂg a3 %F% ARG UNShE Qf @Esern%lh%ﬂ/ é’LﬁJrﬂ[’lrhieg Rave any non-

conp surface vessels and for stealth
Thmsleanyass elseyarefar y@i oglechyivasnd lrgprasldathEarrspwrlt amgo Passenger
shi ps.. None of these mlit rg/ subnmar i {1
noﬁ?ﬁql }stcgi:%per faster, more practical, and more com ortab e yother means. Industrial
use is not practical for these submarines since their size prevents operation around or
under other vessels or offshore platforms. The lack of windows, large crew size needed
for operation, and huge cost to produce precludes any tourism or recreational use. Thus,
these huge military submarines have no other use besides their current warfare platform.
There are many existing submersibles collectively capable of a variety of different

uses, but each individually only useful for a specific task. Smaller submersibles are used

by both the military and private sector and are generally characterized by the fact that they
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use. They are far too expensive and inpractical to
transport cargo. Passenger travel is cheaper, faster,

nore practical, and nore confo%table by ot her neans.
WR3AN(388) use is not practical for these subnBFTRE3007/072978
since their size prevents operation around or under

otlieIot yied JBl Bagalphf Ghibe 8ighl ssas it ratherrpys vehisles gfed to access the
W whd &r.9e. crew si - ] for operation, and
hgﬁgﬁ%%§¥é%%ggp6%§%%§%§§gpﬁg%§£any tourism or

r ecr eathomadt bsie subihetsiblds ARSR dhthgearoidwdrad yndsulbedinitiesater by
have no ot her use besides their current warfare

ph atase vessTheyieg arsepprihgabéx Detins heléudifehahsplages are examples of
c IIectiﬁpI capable of a variety of different uses,

bUt™>eath M ?Vidually only useful for a specific task.

Snal | en BuREBERidbLEBY € s&lﬁ%ﬂ%é@)bobﬁétfbftahﬁn ah hirti@htycoaipartment
private sector and are generally characterized by the
f det istrhatally hesaridhabettays ediebeiton avdygathicohaven hokean Hieghnter or a

seas, but. rather .are, vehicles.used to access the. depths

oF e BB Bty 8 §Li R RyRF G L IR R B s an
bagi &oS IRIR SivBlseseeprMmdRogs siffate @ thel @¥RF @fld a0d decompression
raised in the water by a surface vessel using a

sayorer sioathy brin@ingidigrhlickgo dirsubachy’ phengdclhrasists the extreme
RSBy Olph DR SLEACREM s Attt Bl pgppavnsicn
CaBRakdsmatr WhRE, the wRak piabdry oepias tid divivey Rt ihe@ased Neno air is
bottom nmay either have a hole in the center or a hatch

t hadeditg thypbviad beHethe taéerdigrésses theuighitiee epgvineragd degins filling the

d A.diving. bell.acts as an el evator taking divers ..
a8l s Phe e eBRR Bt arer BaOn bR AR Bmbien
d%@@,m}é §5HE QG RAMRE! WalcQ W b8l BnnBe tHsuRIand BaGHe bbthe diving
the surface. A diving bell resists the extrene A

pibek srges!, amted efwiph inthidonggintorthe diysg lofll. dypidhe divingried santenues to
conPequﬁion. As]§he divin@ Rell.descengs under §@¥en? et
t HE"RRT dhe Prasu iscques eaa™s A8 aff SPRE &R MPfe ARG UESHT pocke
| felifn@ishal18r. &ddednt prdfife diquNDnEBE intetiBand@l®%ior of the diving
i ngresses through the opening and begins filling the

békll. thTveteailpes matppast dny strbss odithd wgll ke lléngcwripy dsggdchremains

STEL T T
oufiihgdee10hs tdag adit¥dynGe Fé%édngl‘élﬁla?rg%! , water stops

intruding into the divin t he di ving bel
cont i nJepictlonodst dnulg dhie ap desgud & tsaronds ogthe atsale, Compressed
nore, and the air ket bec

the .air coppresse , po Coe .

s 1 eease T TriB 5 2cl af pH Oyt BT WaerRebg gl The air i

andy 8xte8Vi@d Wfa JbBcdivpbHg vRsdilvidNeimRlies| cHRRSHALAIr is provided

cause 'any stréss on the wall as long as the diving

belk h pressvé just loigher. thathihst efgleasatthattsido theohvinabelt. i Talssandes air to

| ow strength ) I yin

aS@nggﬁ ubpie ?ngyoggg tl?es \218% ggfé’&i}rﬁ z}%t&mae_egsl t !2 219 St?p%ll}l fresh for the
passengers. When the diving bell ascends to the surface, the pressure of the water
decreases and the air inside expands and bubbles out.

The main limitation of any ambient pressure submersibie, including a diving bell,
is a result of the limitations of the human passengers. The body is stressed by increases in
ambient pressure but compensates by pulling more air into the lungs, increasing the
amount of gases in the blood. If too much nitrogen enters the blood, narcosis may result.

This threat can be somewhat eased by mixing other inert gases in the breathing mix, such
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spent a
1 t}?mgéﬂ%% $i QESU%E&%KQ@S&)%&@K &S arﬂbflelﬁ Res@FPis@Bhersibles, the

Typi cal nodern diving bells are designed to remain dry

on the inside. Conpressed air is released into the

diving bell at depth to prevent water ingress at
WeP09/008888 air is usually prOV|8ed by a surfac&CT/US2007/072978
support vessel via an unbilical connection. Air is
prashfrldem @ﬁaféinm@gswsela Jlmlfso hﬁi\@f@éMﬂh@ﬂﬁC@@Wﬁ@ opfx R than normal

causes ai
Pty Bl abr s aerpl o e ooy BUFF o dulr I age As e
keeRsulhRogd Wh&HPRldhbidne prestiae sﬁlﬁﬁer@ﬁa&sﬁﬁg ehs bo&'y\ﬁﬂlst expel the
the diving bell ascends to the surface, the pressure
OfeXt¢$@ SRE e¢cue:ie1¢a1€(hd;eswélmonm essiqn divestheeghex palmdn. i is aslo
ubbl es o

p ﬁ’é%“s?lﬁ? dh ulaB?,’ﬁ!_{ lllg}eb?pglt a{ %n}}h aﬁl%g R élg%?e?p% élqg;g‘ tﬁe fonger the expulsion

r e3ukies@badeDBIkEd M thafhBes: REsstReuBRRBLIPAKS BNORA Sy, th€gases in
body is Stressed by increases in anbient pressure %

cohpelnsdt@sbubylopul kiusg “tro bendsi T wiink & vehepalniniged can result in a fatal
|ncre sing the anmobunt of gases in the blood. If too

St ogen enters the bl ood, narcosis may result.
Th' st hﬁﬁs@éfof@ﬁa@&gﬁﬁ'@% Qﬁnlﬁ@iﬁ%@l@s@%e RL¥h&SILRLAEE decompress as
inert gases in the breathing mx, suchas helium
Brtbeyt mrﬁage mwt esa &@UBIAJ dvea Inwt Heveelirait$ dweseh Weess ehtralent pressure

Ozfﬁ-s e %toé A 8}2]{8? #@éﬁ@ﬁ B%é}ﬁeerﬁ c?rbre%cﬂeg}ls 3 Wéxunum of about

bl ﬂf@dfeetA%ltthh@)OGf ?§§:‘éf @mﬁ% Q%oﬁéﬁﬁﬁbtfcﬂlefoﬁ Is@lersPh8SSY Bt expert
subnmersible rises, the body nust expel the excess

gabessaccunul at ed durlng t he conpression dive though

exhal at %gﬁ{ﬂh<gw§u§ﬂ§n3@@8%@5es@“ﬁ8%$ﬁngpﬁ%OF8“5§$mgmsﬁDm

pressure su rSI le rises too QUICk Y, € gases in

~ . t hewsingedcaapuritodnb estrdkapaat the' “rtoltuealbeenpl@$sule whq: efmasphere. The

very painful and can result in a fatal en?

THEESSHERT omﬁgs\g%tﬁbl@}dbs t%Frué}ﬁ thgrﬁgﬁqgﬁgerﬁpglg%rdp@]t more and more as the
;%%ﬁ{ gicpéages%hg}‘ij_?ﬁjl‘%?%l | ngerac%rﬁﬂ&%e%yﬁﬁﬁ% cohé’cﬁlcté%ﬁmaa strong,

_ I'ver fust ts the useful ness of
anfrcente-psessumansubner si bl es to the sane depths that

SCUBA di vers can reach maxi nmu f about 200
foet. whthesHBnIES afla@tnegéaoﬂgwgsmwm ?Jf?%&r@me | stgoggg and durable
pa}%ﬁ@g;gf%rcca phBRL o fSisti tlﬁxﬁﬁgﬁmg'%ﬁ%%f WReAhd 8%th Und protecting

| ong duratron dives and rapi cent, and to protect
passeagerssyitionmadbiaggrassreltbgipepsagiss tiressoemdils aromsually Spherlcal

comon to anbi ent pressure subnersibl.es assen
ComaRB ThHEPe BRI DR %@pffsrfsn%@r%lﬂh%?qigﬁf:&%ﬁ% ompressive
onﬁ‘)rﬁet. 2%@‘%5@011 A8 HREESS 5 rgﬁt%&tl@s t‘ﬂ@fn%gsul;e%‘l‘é&nt:z‘?and thus the
crush t passenger conpart nore and nore as
deplakiniume depthesschtiilobgtthe Miie Ppe&sa&rigéls amhﬁxafdrﬂem’tstructed with a
nmust be constructed in a_strong,.
high degree of precision in shape. These precise tolerances increase the time and expense
of constructing the hull.
A bathysphere is a simple pressure hull suspended from a cable. It usually has a
viewing window and accommodations for a crew inside. Stored oxygen and a carbon
dioxide scrubber are commonly used for life support. Bathyspheres were the first

submersibles to carry humans to depths over 3,000 feet below the surface of the water,

and were originally used for scientific research. They are not used very much any more.
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pressure-resistant manner. A pressure hull is a manned

pod constructed of extrenely strong and durabl e

mat eri al s capabl e of resisting.-the crushing force of
Wa2e49/048880ept h and protecting passengers w t ho8fT/US2007/072978
anbi ent pressure conpensation. Pressure hulls are
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used for ort. Bathyspheres were the
f.%ﬁﬁﬂsﬁﬁﬁgrsIBWé%mPgﬁ%ﬁ%gg humans to depths over
3,000 frret shwhavetdeey $iéAos vafaré il & reachbk WeP&t portions of

originally used for scientific research. They are not
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' bl
© HE TR0 B o P At s DS VB Viea BBy S SRRy Sl cannot
COAPHoB EDE A6 Kawrf twaUL Q038 A¥s: bRy R aoHEs and 18g)-ve Erﬁlﬁnelsrb les.

surface A large surface vessel, with its own crew and
cost i Shabatiggaple 1|smvldn\es5teheo sugﬂzs@mmda@rcel oyd very few have ever

ahien G it Banron ™ ity R Mol BT AReuSoprfR aeepen

| ajogR of &Rie, th@iﬁé’l%‘ée@@éﬂ%rmﬁ off U@:%\Qaﬁdr@mfb&ﬂcﬂ ¢h the South Pacific
subnersi bl e vehicles. Instead, they are useful for

opescat i dnba@r/scoblserlvaa |S<pher¢ml 3presmrre bl rgrasrpﬂméﬁe frcsn a buoyant

penpe el G R S b it TN & berired ey s but rather o

DeRp, i PUREBILIENE € o YiphsGloR 3t ddBBYThe ﬁfeﬁalg@?ﬂogr&g b&@aﬁ@@%ﬁtrol To
t he deepest portlons of the ocean. Arelatively

nultbend aud is vlexestoande candyanay d opeenduse] p@j}ets are re edsed from
scC ent|f|c nd m | esear ui poses. DSVs.

oharTyel e el e et bt B eBE i PRaY i gomagnets
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subner si bl es. The bat hyscaphe is an ol d vessel "no
| cnugfece. Battqy epdwetddorigctanidirustryprbevie el senemdlseenng under water,

bui lt,. Iik1Ell less th 0. scaphe was the
v ot Ui grpaifos ré%rarre‘?yﬁamaeééﬁs ¢SRS SBFEEIEE ¢ he
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South Pacific ean A bathyscaphe is a spherical
pressanddon mdnesusge hgedider eaea lthsialgadtificult to launch and recover. No
bathyscaphes are currently known to be in operation.

Deep-dive submersibles are small battery-powered submersibles with a spherical
steel pressure hull. They are similar to bathyscaphes, but are smaller and without the fuel-
filled superstructure. The pressure hull is typically thinner than that of a bathyscaphe,
resulting in a lower maximum depth. The lower weight allows ascension to the surface to
be achieved without the fuel superstructure of the bathyscaphe. Deep-dive submersibles

rise using the buoyancy of the pressure hull along with high-pressure air-blown buoyancy

tanks and oil-filled equipment chambers or high-strength glass-bead foam blocks.
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‘These vessel s are negat i

superstructure filled wth petroleumfuel. The fuel is

not used for power, but rather to provide resistance

to conpression at depth. The fuyel al so provides
WR3)UAE$88ont rol . To descend, el is rel easedPEHUS2007/072978
reduce buoyancy. To ascend, netal pellets are rel eased
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diaviy figodingiof guet;h&sfu@rhoﬂ w@lﬂ c@rsa\ﬂhd yessad t(ssmlktouhld: bdttotthdhe precise
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to ret uAnldltlonetlhe DSrsf lace vegnsiell dagreopdraenmfpartmeieteptihos epherical
subner si bl es. reconfiguration is desjred or if a
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d ! Jrg\!v %Hh b tgldn%ﬁn{\&"l\(se ThBRP I\%‘V\// BaSYRTBE §iiRl: ?sslar%élv fBafmost typical

DSVS but it is too expensive to be practical for non-military purposes. Overall, DSVs are
useful for a very small range of tasks but are severely limited by their lack of range,
seakeeping ability, autonomy, and speed.

Another existing common type of submersible is the tourist submersible. Tourist
submersibles are some of the largest private submersibles, often accommodating 16 or

more passengers. They usually have a pressure hull and operate at a depth of between 1-
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for ascending, since there is little variability in

their buoyancy and m ni mal drop wei ght. The air-bl own
bal | ast tanks contain only a small fraction of the
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a deepdi ve subnersible. Since the pressure hull's _
dSQBF avEret egnpdeaed @YhG SEvee PRIy flgegst geRmersibles are
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t o hel goaM@istbrhérkidldsiasdkndt nedfeldbesurpdies @msthapfsightseeing. They lack
production. DSVs have little or no navigating ability ,
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have th i Qr . Of ej I , r n A
o bR VhASk e YIS OB S i
t Qtoasrd whehirb@me alsigsorf vasal ar dbokao sdchgrge Hb@E stsuBMe B itAEsamust be
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dg%P%ﬁ%&e9@¥%d9ﬁ§mﬁ$ﬁ§h%ﬂﬁggdius necessary to

accommoghatiet sabiBeew]@nde Webabyantss fahdPesger Th@padirSent to rise to the
Navy has one DSV that is larger than nost typica
DSVeacepgitniliat oj[2S Yo d hes gen&illiee afe peessye Bl peigtration could cause the
non-m | i.tary.purpose r.aj | SV! ful f a
oD R S ueaica il B TAT o b St tbe e

their |IQglk Oirgtanegerstfakespritign abinhiatyiredawtt®R@AY ,di@Bldengines
speed. Anot her existing common type of subnersible is

t heving uhéns tthes pilARGTBY B9 &0 o divet S imdelask b idousresupppre vessel.

of ,the | est private.subnersibl es, ..ofte ) Lo
adbHsBAN PG B of M He U S B Sha g 5 R igeed
a tRELHRYE. ThBYArt aRE dnQPSIAIpe: a8t indvelaRbderatlyRel sMee sk and still suffer
1-300 feet of water. The pressure hull is usually ‘

| draye theaproblgers et othar tovaidesubmest et wikh rdspecd tedentlersprgde gize, and
hem spherical acrylic view ng w ndows. Touri st

sUBifer si bl es are powered by |arge battery arrays

| ocat eda inBichifreksBR! p@stshaBE®nRIaPIeS feaidt Mss@keﬁﬁtcfepﬂa using ambient
thrusters. Tourist submersibles are not useful for

purrpssesoophesatiotharn &iviglatbsi dpesgThiFHats thais ksslpalepths that a SCUBA

aut.ono an vi gatjon capability. They.only have.a
SrHFH 50 £ 16 PRRISF vBPTRerEBYe el et Pl
suhakeeehle They are dependent on battery power and air

stores, which require a support vessel or dock to
r echar gé weToulsubmesity e asi uplersvapan s esspleviiesg e phasergepsare exposed

to be cost effective, but their si cayses, them t e
acghe o VB BEae! oRee LPGLhrdid T ETHRe THE ORI R man
Prggasr @niiublhelpl AHih SbuH B SIch] 88 cUeict ABroRH QY BREPLlsion. The
of the passenger conpartment to rise to the
passengers are supplied air via an air-filled helmet or a breathing apparatus such as
SCUBA gear.
Wet hull submersibles are obviously very limited in their use. The passengers are
exposed to the water temperature, which can be problematic in cold climates. The
passengers are also exposed to pressure at depth, which means wet hull submersibles are

limited to depths of around 200 feet even when manned by expert divers using mixed gas

for breathing. A depth limit of 33 feet i1s more practical for sport divers.
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surface, simlar to DSVs. Thus, any failure of a
pressure hull penetration could cause the subnersible
to sink to the bottom This |leads to increased

WAGINWAE888Ag costs. Some tourist’ submersi bl es hBGE/USWAF072978
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underwater with a host submarine. The cost of these submersibles is extremely high,
meaning they have no non-military use.

Every existing submarine and submersible is designed, built, and used for a
specific role. Thus, there exists a need for general purpose submarine. Such a submarine
would be capable of performing many roles under water and able to navigate on the
surface, with strong seakeeping ability, long range, high speed, and autonomy. Such a
vessel would be useful for both the private sector and the military. There are many

characteristics and capabilities a general purpose submarine should possess.
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constructed in any reasonabl e shape and any materia

that is reasonably airtight. Anbient pressure dry

hulls are depth limted by many factors. First of al
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submarine. Snaller pressure hulls allow submarines to
dacreases costs. and allows a vessel to avoid approaching storms.

A general purpose submarine should be configurable, possessing the ability to
take on equipment needed for several different types of missions. Configurability is akey
feature of a general purpose sub. Such a vessel should be able to increase passenger
compartment comfort when used in a recreational or tourist role; have weaponry and
armor added to it in a military role; and be equipped with cameras, manipulators, storage,

and tools in a scientific or industrial role. These reconfigurations should not require

substantial redesigning of the vessel; ideally these reconfigurations should not
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operate at greater depths than their |arger
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gener alMpuyr plasengesbmmet lbkeowﬁcccgﬁ@@d adlesipii rapa seuilglub arer A epurpose

shoul d be capabl e of diving and keepi ng passengers
submarine with such characteristics and capabilities as many of those listed above. First
of all, small size must be reconciled with high speed, navigation, seakeeping ability and
long range.
It has historically proven difficult to design a relatively small submarine capable
of long-range navigating and seakeeping at high speed. Typical submarines that do the
listed capabilities are extremely large, bulky, and expensive. These submarines have been

useful only for the military. Private industry has solved the navigation issue by

transporting small submersibles using surface vessels, which is costly and wasteful.
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safe at depths that enconpass the mgjority of water
that is useful to industry and tourism While for sone

pur poses, such as tourism depths of 33 feet may be
‘¥9ﬂ9¢%$€%9 in many enbodi nent$? such a vessel PERBI§RYP7/072978
be able to dive to at |east 500 feet, covering about
9nYweter the duseffut lowatage naﬂihgzsmgdmpitshﬂxeaﬁmg s bf:ﬁlispé@hndicate that
to offer stealth to th mlitary as it exceeds th
desPH BENCHHIRSRPISE YR p“gﬁélfir‘%ﬁ o &ie O, TP NEEYC submersible.

I ' -
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I miLQShM@Etl@pem(ﬁtwmaSqr rhine beajapatile yf bdndbing aph pek |smsf$:e craft in

and infrastructure lie in the first 300 feet of wate
Thé Hpiarts 2flity P eRIGENE HCh hOpBsE BB RS Hgip R has only
b

Eee% Jut%ﬁésgglﬁy%tc?c‘n](belig% t‘lé?%u%ﬁqlf% gseﬁéf{ d QWek: Iw?%%ﬁ%%ﬁ@battery
ab:hrﬂdé/ dhagiedtan @k soffacgdyeditidl ipoweper l&tsd: orghotio are practical in large,
acconplish a suff|C|entIy full day' s work, and would
e Halosca T e s baianest Bt e possibiver BemlRi Y
daylig r .
oo RN LR LSRR LB PR HSHATE § e st
adgifit Sﬁﬂ@ submeBiHlOd¢sa8E vy an$attbitkemdidotranl metorsAfdy propulsion. .
general purpose submarine shoul d have a hi gh degree of
sBpeeyes Dagcnolinied fade ameant pt cOfTRY tsy st cRIAGIS nep 2 true

élgrg%leegcrgtft N ess%aghf)ag ctaHg ahll %(1, ﬁ%@% Iﬁgl 1\9%{? S{qe}lg%éﬁ %zglﬁlyengmes

beh&ia@ @Qb%e@fred&ﬁﬂdk thﬂ@ubﬁﬂﬁxﬁcﬁto\/@iﬁrhe bapabl?djntthé) mf@n dThe use of
unf oreseen circunstances on the surface, as wel
mﬁrgfﬁ ploavesiab eegmdsang lnree gl feagvas o %hlghsg@ﬁelﬁag range, and large

%\ﬁ (g i;?p%%’;hr@'?"ﬁa sﬂ et%ggljs q{ggev%?l 1?15%}8‘[ ?sqmgf%%?ﬁtkrtg %&fﬁl&ﬁ‘%ngmes to

ctlon and

Nah eRXER GLIGﬁ@SI@mEIQﬁtA@d}nﬁE tl@@&hﬁe bh‘en anzﬁbl It(f &Ri&ilsm pngines to
and a subnersible, or of a surface ship wt

kl?é(mﬁsé pybnayyeibles etisaler mdgst(lmyjamemtp,lys )@qygﬂap%g@fgeqﬁ}yggnce their
€ overc and bj
cueragow P 6T RN Py P8R b T es

aS manyr1Rffirkthesen kdrsicaminaboyee al'_tbl'h@ts t@Addahdge esgimdsland fuel stores
size nust be reconciled with hig ﬁeed navi gat i on,

séakeisphagesbnd istdpedndhd mﬁrg:amwgéfelg t cavaed by Ehe%ﬁ addifionp. Small
to de atively

l}BWEF{SﬂDéQS tg%lg%l?yehaéﬁ sn[l n I Nodht! gtl bio yancgt Yand g@eh%ve modifications are

range na

S eRK&gRyReheAtading Bi ohiie g weTg&ﬂl )&édimg d bd'fgé’ dnae ahih@tel dould lead to
the listed capabilities are extrenely large, bulky,

anle expensitheingpbise sytfbrradiupes eased Moslmbymwasiyihagppg practical
ng{/llhtég @ﬁl 4(1%1&5%13 i Ilzyc%tn%ntl nqgs Sbt ra)édgdrjl R 5 ve\égeq o Qr%wdc additional
buoyancy.

Smail submersible designs have increased the size of their pressure hulls to
provide the added displacement. This protects the engines from pressure and water at
depth as well as adding the necessary displacement to allow the vessel to surface. To
accommodate the large engine requires a significant increase to the pressure hull, though.
Such an increase drastically increases the vessel’s weight and fixed displacement (which
increases the submersion weight). The net result of such an arrangement is either a
decrease or minimal gain in the power-to-weight ratio of the vessel. The massive

increases in weight necessary to add power to a small submersible using this method sets
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transporting small subnersibles using surface vessels,
which is costly and wasteful . However, the desire for

| ong-range navi gating and seakeeping at high speed
WRAPWAES hat such a general purpose vessel shBGTASHY7/072978
a true submarine not a sinple submersible thereby

mak itngpairadonm nog thahi }fchar us self-defdepigncauTthel thesgedhtriisyefore, small

ei t her capabl 0 e at d
orinae DG SRR e p i o 46 Rkl s ey, The
| a8 dhblLalof n&vdet roRRiekist Yerd] 11‘39%5\@1;2@1014 rkg(%fee%%ee{peed and range.

Long-range u ter naV|ga i on has only been
succes§huk&yné&m@npﬁwsheanhrmmghammmﬁusea®fzm&mﬁgawsmulmd

power or enornpus hatter ks ch op the su
bytogde @r*stﬁwvﬁépmﬁr@% IS e th%%e%l Bt i it JB€ pical
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elVeRIS ke e tatcslinco theps waq*—lgﬁ%ﬁ € \ight &Ogrlp/e@%vf@gé@fl&wt drag.
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oI 104 TR Lot DY, RLOLRy SRy st
aphacgeavdean hahdielrohghaskas. LBitegeore poaending tlﬁﬂgﬂmm&s)nly minimally
shoul d al so be present for the subnarine t

c ARBASES BASREE: Wﬁ%%%eepﬁﬁ@ Hsmpropesy gl g&\ﬁ fﬁrsa T significant
Ilom1h|gh speed, |ong
an%%%ﬁ QQFL?SQSBQ ]n %§§£§§??§ in surface boats.
Howev erAnoiter tisallange tanaSﬂnm:lltfe dvaskmt o é&dznsmdbudd gigessal purpose

t t b ble d .
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QU@ #I%R/H 6%e gg %%lchﬁ to %Q%Hl%ﬁjabl@ ub Hﬁféﬁegéﬁﬁ%@}égﬂﬁculw is

ective since their onal
byhé ey eetpicgdibl @fdesh@les Wh%ub&a@w M(ksesdbmﬁtlbtee a&odbeigned with
for the failure of the attenpts to add | arge engine
aﬁamfruasllbugxa@mé@h%m@%%@». lﬁ@%ﬁe@.@%ltﬂ%ﬁah@ tp gatpexiia weight and

S &;}gﬁ% nr}hé[}f &%!a{)lhl%?%sﬁlg@gy T %?&gl%gau n(% 51‘?11%132}?&618 Iso be very

al&rmmin‘é&eﬂ@ﬁﬂ {dre@iiz@nsn@réne el eanymetseie’ aﬁd@y’elgcy comes
nificant weight. Adding a | arge engine and fue
(0 it Aaxwater nhesige yse hepsssepeT Aymeasinent eowd equse e submersible

ut sa?k Si(?ll tﬂ@%&gs[eg é’r@ o%gl %L(gmﬁ]e%t RG at?l%' }gﬂf dceacly requires

hus, nal nt nust

t Qe&é&@gn%@ﬁ@éntir@vd@ﬁ@Vl’ltieefaﬁﬂdubm@l@ﬁ eshtsalesigayd wiBmainkximum load,
subrer si bl e_desi gns have increased the size of their
prasdgy éecwmgugattoa TRRUBRES @ cX RSl gl adas i K pi tae samhys imygprsuming,

pracfltdeﬁ‘1pic"alc¥1c‘,eﬁE &) dre orﬁfgﬁlré R P f? lﬁg@mﬁp@ wial 81 cedf hegeo%&hbuﬂt

as we necessary enen to al
the vessi@l ndxo cﬁdllreﬁg)él & of@c@te€ Q{T'(ms@@ﬁrﬁg irebliatige a%&g&rﬂﬁaurpoge

tr %ﬁlgﬁﬁie ?s rgclzo%rclllhfnlgcd%glltgnIs?n%l?c?@%ng cl)ovtv E(?st F\)Vrlﬁlsc?llxj/cra %ey?tglalld duration.
Submersibles that have typically been affordable for private users are ambient-pressure
submersibles. These do not require heavy-duty pressure hulls and the engineering
challenges that come along with pressure hulls. However, ambient-pressure submersibles
are only safe at depths of about 33 feet, and only up to about 200 feet for experienced
divers using mixed breathing air.

On the other hand, a pressure hull is needed to allow a vessel to achieve great

depth and long duration dives. Existing submersible designs incorporating pressure hulls
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Such an increase drastically increases the vessel's
wei ght and fi xed di spl acenent (which increases the
subnersi on weight). The net result of such an
WPRHRYEBAt is either a decrease or nininmal gaPRTIU2007/072978
the power-to-weight ratio of the vessel. The nmassive
| meselgs@so catasieipghtthicets elssampinoaralddal @@W@WW .ongd tigwdliely require
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meiemgaa fihgbutabh & a Apival dt:sfgﬁaﬁhms tonplekiesgidedring and trwntenance
is the way subnersjbl e designs_approach buoyancy.
s QETRYEING st Re aiseelsi Grwd Swg@% Tﬂwwnﬁﬁﬁseé oy S5E f\'ﬁﬁé‘ﬁam using
: e I i,

bR gt RloRPud e Rl o Bl el By Rt Mgarine with
surdhakgrec Uigafe@ssenger conpartnent nust al so be very
careful ly engi neered and scrutlnlzed since al nost al
the subetlsrhallenge opraey feioneeners GHMOES sUlmAiatehe designed

| Ahd Y IQQS 0 Qch 1%%? R09Chisfi O t&g ﬁl U|agd G8HP Fange with
rol e and Ki £B€%

t Re" submer s| gers.

A@thﬁ@r&ﬁﬁtﬁﬁ%ﬁbmﬁ@ndthﬁ i$adid totby:nbﬁﬁgdr@d ﬁ)emlultipESroles must be small’
-redesigning the entire vessel. Therefore,
s absrer. $lovteysr. amell gas isgrreannal bl VA viaditan 1asiaas okt ismgeessary

0 acrh v%l'i x’ﬁag -jange e %gxqgitfo%%n@Qeaﬁé%ﬁ@%ﬁ'{ﬁn sedq ﬁfg'hg;, eed! I\dal‘aonally, a

too costl

I e6RMdirghle @u&ﬁ@aﬁéﬁﬁ&s@ be tapabRldf etk ieatisigs poyicsl. i t
has been built. The next challenge to overcone in
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dZ%t%g de:% Ia%deu fm gﬂ)mmln@ mu% lgey ca%%jle o?War?}Qi%é th\f\g \tvggf?t' Xﬁdmonally,

configurability increases the payload requirements since the vessel must be able to carry a
wide variety of heavy items, such as manipulator arms, weaponry, armor, cabin
furnishings, deck space accompaniments, or added instrumentation. The limited amount
of displacement, and thus buoyancy, in typical designs prevents this extra weight from

being possible since the submersible will not be able to surface if it were to be added.
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Subnersi bl es that have typically been affordable for
private users are anbient-pressure subnersibles. These

do not require heavy-duty pressure hulls and the
WRGI1AE388Ag chal | enges that come al ong with pr8%S007/072978
hul I s. However, anbient-g@gssure subnersi bl es are only

safe at depths SHRIEBBAHMISARELLL THEINHIYIIGHNt 0 about

5“0? f eelthte Ej S(Eetx \ en#1 §ﬂ %lecgv&géps\r/d:sgus an:}llglln 3 g?q%fégoqp hk? g;g I%{i nlgnu -range
alsh e canav g@ﬁ@ﬂl al PsARSpRYL alllh @8k sGERieh casd s'u@lﬂ @s a speed boat. The
duration dives. Existing subnersible designs
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possi bl e to achi eve deep and | ong duration dives while
alssdadxfeblﬁl R asdeege osmpaomeahd lmwe babssit gmpeﬂtra@mtvelsyrfdce engine

The next chal e.. n|n n
GSRBRIG p0oec s b raP RnE TS EoHATI AT dagrigipetts, e use of
Sl 1%&dh%h§e)ébl@%%ﬂa%s§&ﬁ5heﬂ dnld o%ﬁ]fpﬁﬁéh{ cEMect®n 4 thk@Wllow ease of
problens in designing a sinple, |ow cost subnmarine has
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and rmust be operated by trai ned i ndi vi dual s who
uﬁ@dﬁsmahmamhaemmb@éEStof deconpre33|on Pressure hul
desi gns_.are, i nherent nt - res
dosi gnal By HRENT GG NHBE  E5g0ee e Repa S bR B Gplacement via
' r‘f§t§@§ﬁ§aﬂ'&ﬁm@s§§§&lr ?h@hnﬁﬁ@ﬁa@laﬂbﬁl&ﬂhc&ﬁﬁﬂee b3 internal ballast
pressure hull “"design requires a | ot of high cost
enginneenient, trxamr eveinal safast mmm@ntsf atthes fpalkssepsem, and semi-

mffer tial that exjsts at t Addi t I d
, %H@ﬁé}?‘lﬁﬁqnagﬁﬁﬁ?ﬁ )ﬂa? 02%} %/) fj}%}% %Qéitqquggégﬁéﬁ 1sl{1gually about
ast'vﬁl@e the Qmutnla &f ﬁ){e%%éﬁh?cem@n in tl@e ga@ielng&%oin alttﬁ%nt aﬁld alaout equal to

pressure hul result in the submersible sin
t otht helloot tod rsurfm:eadﬂsplgac@abntddsihgnentﬁl'eh wssselc dhplghx the actual fully-
engi ne

Cortueiae Bt o e Hah RSBt e B SUEHUE agal n

usi ng cir t&Rkn d8sHoARenth ! t}@é’%%ﬁ‘ QhicSRe nBaﬂQﬁS b@xlnﬁaﬁrﬁems remain
design a sinple, low cost submarine wth a high degree

of ccagfletely. flodxdat het omabltba gmltcmlmewhxbﬂﬁlef\@ssealsgsmewaded under
pur pose_submarine to be de3|gned and built

r eY‘f%tﬁE N9 P IALPFGEHIF GH CORPGRSAE pR Bdicces etk g8pt %y refpagn open to the
Qtef Y %oﬁ\ﬂn%pké:é)@gﬂ 14T gRL Hahyexte%la‘-‘l HQTQ%( dd&p trt'?x?etnts'()% y fill to the

e t'o e configured for multiple roles nust be snal
[ neﬁemelecdslmmioet he sshmlahnstozaetamswmddmpmmcblElewatetsealed by valves
tradition% notions of what is necess )
from both the main internal ballast compartments and the exterior environment at the
beginning of a dive. Ambient-pressure air compensation is provided at depth for the main
external ballast compartments. In certain embodiments, each main internal ballast
compartment is connected to a main external ballast compartment via a pea trap
connection.
In embodiments containing a trim ballast system, the trim ballast system

comprises a series of smaller ballast compartments and is used to adjust the trim of the

vessel. The trim ballast compartments are often located at the front portion of the side
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to achi eve | ong-range navi gati on and seakeepi ng

abilities at high speed. Additionally, a configurable
submari ne nust be capable of carrying a variable
WayPuaesss&peed, range, and nav?éation and seakB€EpUsg07/072978
abilities require |arge engines and | arge fuel stores. ‘
Theks updethé sebriistiartke seapablreargfint eemnpirigenthi Hthesiqghenal trim

Additionally, configurability Increases the payload
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weaponry, arnor, cabin furnishings, deck space ,
aguoipanheasrmsgringrsudante dnd are subgirenalit dloved (The Wajerilpang surface

amount of _di.spl acement., and thus buoyancy, in typica
dEEFGHY pl?lé’i}%&gttge tht fgc‘é%t Faesii e TPV BRIk §"p o%ﬁ?rﬂ‘?] ghallast
Sk BGBartR& S HRIRNS I @ic Wedskl Ml uReralhBodife SHhi-@h@olldble ballast
it were to be added. BRI EF SUMWARY OF THE %NVENTION The
subjpm®ate jistwbornd tbe wpredvied Esenathstenwned grevitiapraibltieoegh large one-way
hi gh- speed | ong-range, surface.navi gation an : .
cedREn T RgeR i b Ta o @ ypader BRAg It dpliaythe semi-
bgkiroliEN® RLESRMeutANE BLORR: LAKEShA WY iRl ged but provides
approach to overcone the challenges of providing a
geddiriabal pippbsemsutowbild the vedstl is sudheed. Alse, fhierssmi-controlled ballast
submarine able to be mass produced, The submarinpe of . .
© REHS GRS EFSRETE B SRS (] sty S o Py eine while
| QG Nehi @S AR @ s dmenPhdIRSAEBRA’Ke $QINAFhIRRking &ide to side
mal n bal | ast conpartnent, a surface engi ne

coviplarstrfertl, as well as many optional assenblies and
conponents. The. use_of interchangeable primar .

25 bl NES BRI BbrBAt PEGAhARY TR ghPEalY hia sy gypessenger
e%%ﬁlg%ftm%%%n%iﬁ WARRI N Ge ! £ ms‘é%e' Bul A pressure hull passenger
pur pose- confi gurabl e vessel. ng the primry

assmphitines it dratstrnetyd beveintilougd edteonlstchpablessedistiag pressure at depth
passenger c artpent, a surface hull, upper bod

norR e eisulfy Be éygﬁ?fgwﬁ%y OB ARIKFE nthapgd.¢Lig papenger Cmpartment
fr. A Khiohli , - e & Sion b
LRI g1o PO, L, UL R0t Loske oo b
vauitedel felldWaph aeebntarivé & sarfstcdgbd piabh@s tomparsyst srpmpictely
gg%}egggﬁ %g@{sg\g{atieﬁ%%égtgt { {)n}ﬁ%}gg(n@?rg%rﬁgﬁh%r?aglg gqﬁl‘irsﬂc‘%l that no part of it
c J N _ / X . .
SOTRAL RS} upt LT B8k FLMHRAPE Epptae et ipghepassenger
f Wohpatmeiitt add @tylterobgh-hal$ periegatirsis atill geadvallyt orlwbcie theewer third
vol ume of fixed displacenent in the passenger

C SHPRE COMIRE IR about equal to the vol ume of surface

di spl acﬁg%Q?Tg{%?% &gnalﬂ‘égé z{ﬁlrivcl;@ec‘ﬁﬁi, thagﬁg%eﬁwwgﬁgggl, such as a

fullycontro ast volune nmay be nore
t hfisplidamset leditdramtasng Hull, d@ehdhgoetio@difomimnse cHalwetensticndesired
i nternal ballast conmpartnents remain,
by the end user. The surface hull contains the main internal ballast compartments and
may contain several other components. The use of a surface hull helps provide the vessel
with significant amounts of displacement and lift on the surface. This lowers the drag and
allows the vessel to travel at high speeds on the surface of the water.
The vessel usually includes an upper body works, which surrounds portions of the
passenger compartment, extending laterally from either side of it and also often above it

in the rear. The exterior includes the decking; the spoiler, if present; and the stability tank

mounts. Retractable dive planes, if present, will typically be located in the upper body
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conpletely flooded and open to the environnment while

the vessel is subnerged under water. No

anbi ent - pressure air conpensation is necessary Since

WAEYY e8P n open to the water, Bunctioning |i k&CHURRO7/072978
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enbodi nents, each main internal ballast conmpartnment is

c Sneleeided least encrisifaccesoeiienall Icashpcazaer veiTpR At eshong Py daive, and
nhodi ments containing a trim

bﬁ?kﬁgfggfgggmﬁmgﬁecgnp RS ast system conprises a

seri es Pfe @8R { RuukalleBEbmaBEPaidoreniSacen@ni faellSB6 sich that they
adjust the trimof the vessel. The trim ball ast

cdﬁqulmmas fugt & ttsf:d eThq -@ebgre;b syppliphéiet hopnghperthe gassel and the
}:ﬁs et aréks dn 0 t sse t% eoup clfusvegceorn\{]gct os thg eurface engines
st R el p% Srdie PP e bk e Ulace eng

maydheoaddadpasionel | where de3|red The
sem - controlred bal | ast zones arc free-fl ooding zones

t hat ar“@lepmrfg@qﬁnlgwegpwaﬂylea@steﬁ?eersluﬂ@mwerhéll@U kf agaleignt-pressure

23}?1}02)&% gu $ {i‘ H(gﬁla IB%/P ?S%sgr%?%ectognﬁopg&ts uéceftbdm {gg Ssglfr»thﬁ ézngmes. Ifit
Mgk BmbHhepRaduréd cexp@isiall, ibadd mstuie enpaHténentSals.

typically lift the vessel until the free- f 1 oodi ng

sem - cohtashichbybsalhalhdsasteagionesir grié tl]aU@pV@bwétOtdﬂéerent parts and
waterlin hese zon \

G oRE g T bR SRR e8! i w Rl It e including
unhi |h1£¥‘f)1§§s@re :ﬂi‘%tcﬁ‘ﬁée ehd egt ér@er%éﬁ@? ah@id, the amblent ressure air
sem control l ed ballast is neutrally buoyant while e
vewqiensagloslgbdshg@d'gbmgn@,r@d; ld@Srtfaddmb@ gits, a low- pressure primary

nt whi S ed. Al so he
grécgﬁfx Wslgal sslallefs g@{er?ﬂ? B%pa%eg tfulltj %1 %15 ednany cofnmon connections
dug@h@gﬁ@@gt in the portion that resides just above
the waterline while surfaced. This freeboard
di spl acEment syh@hmrwen mabyiputmeesxﬁmsh@vesml dimsneekiongrge the ballast
side to side e suFface mar i

. of th
oGO or PG t JPER PTG tEOTPepHLQanbromponents and

COoMRAND MBRNSroWAE G sibpdrt SHEDdYerBEr BnPh@SSM! MdReh the Wittery tubes,
pressure hull passenger conpartment is constructed of

v eif prestmtohige m$§et‘ena¢a$1 ad;sav@blsed of proeide smbrgalruepet tedigers and to
th and wil | uaII be c ndri cal | r. spheric
ot prsa T el R PR Qbap FruTPE IR G afment, i
th&mggésel, separated fromthe water during surface
operation by a
The air system also often comprises carbon dioxide scrubbers. Together with the

oxygen stores, they provide a robust life support system to help enable the submarine to
maintain long duration dives.

The air system is capable of recharging itself, contributing to the autonomous
nature of the vessel. The high-pressure air storage grid uses surface air and compresses it,
and the other air grids (excepting the emergency grid) use down-regulators to draw air

from this grid.
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surface hull. Wen the submarine is surfaced, the

passenger conpartnment is conpletely lifted out of the
water or isolated fromthe water by the surface hul
WORHHMEOno part of it makes Hirect contact WPER/USpW7/072978
water. The controls for the pilot are located in the
passentbe vesairpara lgenmprisascin a]’@ytrithirsmllghwm{th is used to provide power
penetratlons Wil | aneraII only be in the lower third

ofo tRENEBFBAPPRBIE . | The> LHbRAPPHES cortpist 888 BTGPt at beast one

h%tlt V,%H%hle&%lgim%)glema Re of hull, such as a

di spl acenent hu or a anlng hul I , dependi ng on the
performhmﬁ&nQManHGWepowtnﬁ@nd@$uﬁa®eﬂgﬁkh@ﬁ&ﬁdeu@ﬁ¢ismwmmﬁ
The surface hull contajns the main rnal bal | a

c 3npahat e b Dalfrdichaly MEB HAF HICRAVESH a heo ﬁ‘éF‘C%.lcﬁ*‘i‘;Sio‘ﬁ@H?eé wiring,
T S u

IR R e MR AR i
t bettsics flve @essdiias throvdiffsrenhadectiicabsyatachs ahdlotmag tHe@rimary electrical

vessel to travel at hl?h speeds on the surface of the

WAYSEFT, ﬁrfﬁée%é@éwl%w |S;y/st¢rﬁcfmﬁldés supplerppua! gedycal system. The

ggﬁglga}-yt %ﬁﬁ?s‘% rthgeptgtg tg%cg)ﬁffa@ kyddif, RAPRRIBhIemental system

i T(hmqgo&JPSﬁomfttwﬁeo@b@M@ sidterh nlatdnemmar The exterior

i ncl udes the decking; the spoiler present; and the

st abi | ithgvesasii! Hisumesent %Wlse bRisely H%WYSF%\%@SW as a means of
%ﬁ%lﬁl pokelg }Hr?nb %}Jolu tl@e\feg%l ‘o lﬁ )}sgégii Bg\g%)gpr?léqélth t operate dive

t @@nbi} tieren oy tcothe phsetigEp esmpadyentahks faaneh @ﬁhﬂ(tdmmﬁaient lid, and

conmponents may al so be housed there. The vessel oft

c élirﬁﬁt@e@@g angl trigep! thp entskivpadydenliesrddiipspbyictuies “F‘U@ around the
g$§p£MQ%ﬁmgpg&gqL§m§5ggkpreferably i ncl udes at | east
one varil a Tacenent fuel cell at | east one fue

grid, gheheastlionstauchabedenglngo tad plopablondndraéasystem, the
system at |east one out drive, and at |east one

suptider ity hesysempant fsrentrothadiplisaseynd g RioPpigien system uses
I Ir}i\g/gn 6?66?%%%@?%5%0%&%(? Biﬂglelgglqugsr% afégéljﬁ nylS fr? u‘}:}p a&l;}lﬁgf}f sy@tem 1S
S Lﬂ)@ﬁkfc@%vﬂb&@huhh hab@hatted FetheesiSRle engitds tT‘l& cS)utrBB@aem uses a
engi nes provi de power to the vessel. The out drives
cdndsetic powethenis driver &y dhg pererdan dlepirisel sstoam gpdinagkenuse of a
Tq1 nl{gggglezl&ne compartnent is either a pressure

SHTagpC § i'€nt - pressure air conpensated at dept h.

It houses sﬂlﬁﬁ&ru@‘@ﬂ@@ BREE Somprited sibinit@sibid Podd) g Lare pressure-hull
engines. If it is anbient-pressure air conpensated, it

cansdse Obmllmleféfpr‘#ﬁisglt@t epmpensaleql ggosipartinisegyiside of the passenger
t yC%a‘Pélft%l).é%n esg Isltlbn%gr%}t n gog% éjldn be %gedq?lhgl\?st Ry %le$§r§11t%oﬂlponents,

S an ens o
arifel H&HQM&/@I‘K@ bhid ©FRvidid Mﬁayﬂiﬂop@éﬂa@éqdlﬁnélﬁte air system

' neludi I"H)% vessel as a whole is very easily configured for a particular purpose. Each of
the primary assemblies is made with attachment points to mount to other assemblies or to
a central framework assembly, and with grid connections. Thus, these assemblies can be
easily swapped out or removed for quick repair.

The present invention will be described in more detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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the high-pressure air storage grid, the energency air

grid, the ambient-pressure air conpensation grid, the
oxygen grid, and, in certain enbodlnents a

W@\R;D‘k?l“)@%@&re primary air grid.2Bach system ser §€%/US2007/072978
di fferent purposes, but they share many conmon
connecﬂm@n@lamdﬁmesﬁawaésnemhaﬁakmts&@tewnssmmemknany

pur poses on the vessel. It is use

bal | as# 1 RBAPAP £ HERESLTIBE GO 9 22 5BY @ﬁltm%lf 88@6 ,s@; gt pnvention.

c o frpen drg @ % 9 sx?%gfg‘g Qﬁtna Qf[ﬂé:év %ﬁ%o‘dﬁﬁem Bf tﬁg Et%ﬁect invention.
life support e passen er conpartnent,

t he batFi@iy 4tivhesnt tft apaesent of ahhentaidimey st &m saigBactahsmtion.
be used to provide unbilical support to divers and to
conver FighrgSas § (ereddyl wewa@ §B ﬁg@pd@aﬁ% af thespRiegt grvgption.

anbi emFéé)lgrg%slf; ta ﬁﬁ%m U v1ew QF an clz e{lt o !ﬁ%}@%tmv ention.

system sed' ¢arb COXT de” B¢
Toget h%gWetﬁshﬂﬁieWSﬂaxﬁ&m%neﬁtm1&35&1@ cdﬁv@]tlroﬂbUSt
life support systemto help enable the submarine to
mai nt ailiguredgs theratindmath water, grithd 2aiembedigicrtal fhe subject invention.
capabl e of recharging itself, contributing to the
aut onormous nature of the vessel. The hi gh- pressure air
storage grid gseasun DI RAPTIGRNOICONP BSARSIION and
the other air grids (excepting the energency grid) use
down- r &gwlvatset of thopasaivinaentidramitnisdigh sudfaTthwevkysidpng-range
usual | conp rises. an ect.ri
¢ S eV euer g S Ly LR ERBR Lo R e Suppmereed
CQIRPYLI 8880 ﬁ?ovhc‘?e@%%é?ﬂi@g@%%ﬁd’ﬂﬁbﬁfty ifayloaastd e%l@pose configurable
battery, and at |east one electrical grid.
almmlﬂratct@slgdr am)smgov\mry fadgmalile émsuﬁeﬁ ae en@lﬁfgy r’i@urwm |gevernment,
the vessel is surf ed anghchar

he
TS B R AR BoRF e PREB1 CETHIER SBTa Ve el inmovative

Wi d'eblgﬁ thaf & @Wsaf@@ghél%éqﬁnﬁ% exfndive Qﬂﬂ%lémgﬁﬁﬁg The vessel of the
di fférent conponents to the power stored In the

bqthmnnmsanmhesﬂeésshﬁheﬁlmmP®eSdbﬁ@@MQnt el ectrica
syste the primary el ectrica

| udi h
| secong‘ZP)Pr %égtolﬁ’fg g e§ys"tfél?‘ﬁ gWSHW?e‘lePﬁ?)‘f@%ght?lgmlgeltlerael purpose

el sﬁ&lhﬁhﬁ@ kS edeBRMnvddien Wah H@srl heABStAIMSE a"&?sp%&w@ A3k Yfadically

the secondary system and the supplemental system

drdaffsrepovien fyponai tshiengreibten designss Yareatly isabragrgecheapabgities were

The vessel of the pre i nyentian.typically has
hwwqd&%@?%@aﬁéiﬁ%@% CBfTat L Bt PP THORARenTS through the
thise %9'3%3% \Ptrgs@uﬁé%ﬂelar ﬁﬂo?a&&%ﬁ%ﬁ&wgﬁpJv@éf'ﬁo—%?éht ratio, high
operate [ anes e entry to the passenger
cdhﬂaekmentmuﬂhghsuhﬁmcboeﬂ@eM@ﬁﬂbm@émﬂnﬁmm&¢dmmmm@d
The size of the vessel of the present invention is relevant to its usefulness across
industries. Although much smaller than the huge atomic-powered military subs, the
vessel of the present invention is of a proven proportion to enable seakeeping and
navigation on the surface. It is also large enough to carry significant supplies to allow
mission durations of several days. The relatively small size allows easy transport, with
over-the-road transport, air transport, boat ramp launch, common docking slip use, and
transport on larger vessels all possible. Higher speed and greater stealth are enabled by

the relatively small size as well. The costs for acquisition, crews, fuel, maintenance,

operation, and repair are all much lower compared to very large submarines.
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the steering and trimof the out dri ves. Hydraulics
additionally actuates val ves around the vessel and
transfer power w thrusters. Thg hydraul i ¢ system can

WO 20090888 i nto the propul si on“hydraulic syst eRETHUSN07/072978
auxiliary hxdraulic system and the control hydraulic

s yxogmratTigg hp subpedrisi orexsgrs tve ipsiesal ttwonte e ¢l pi e el gze was

power by the primary el ectrical system  The

DR Pl B et R G gge by FRer i Fplps ari ven

by the surdrage kePgiNess ofMBe CORLIN O theYFERM USRSt is its unique
hydraul ic power unit driven by the secondary
elappiorélctabaliapsnem anch hgkgsjrwi@fofaorhmablg !V'axéable displacement is
T LT S CHPRIADE B28u8h L R R BAk SR et o
a5 RERESULEES §H§§etg%%a11ﬁ&m@lﬁé VB S fo SIrdgOdontrollable
t he passenger conpartnent. These subnersi on pods can

béalisednd it shoirsentmahplcdiaflierdns, toorpoheiitzss bathe higliprgortion of
o aeudne B g snSudel Bty R ugh itk ER g RSeparatcd
Pk InGh ﬁl‘i@l’%hﬂ%ﬁ extehag hin@berhh&nRbi 153%%5@)%%%1] l4RSsidiSof ballast

made wth attachnent points to nount to other
aspentdsideerartlytto atiaiogwet foaharfce amenbde orasse mbuych aznthll vessel.
with grid connectjons. Thus, these assenbl]jes can be

easi |y MO gHUE UPERBIENBULABR G IEE VU AAIETpggh the same

p rfﬁsﬁl‘?&t HaBY 85 i8Nk {haR&HA8S&IIURE ot 1A & 8181 Blckded 1o obtain
below wth refeerence to the acconpanyi ng draw ngs.

BRh]EIngDE@@RlC?Td) @ﬂ G alHeo rDRAW imlGSFlegm BIE'.)V:E ’[h@ swafdce @mct to trim the
vew g sipod ot el e s eel Toven o Sl
Suhi %?uﬂt Y ¢4 aibférhrirsédgﬁ&%e%t cbhit AL 1H&1s Yo BW Sun@WBdlioyancy that

vi ew of an en%odi t of the subject Invention. Figuie

4 das ba cobntorited alwayaaiy gsimallciothaathe @obypdiyrénat isahhdre@ in the vessel.
subj.ect inven{ion. Figure 5.is a top. dow view of an :
entbtimRERch grkesienss B gt MilHETETsels Sings Gay QPegal gimpst exclusively

bt 4O MB:. ﬁLﬁ%‘Ml@F s 16@58%9,! tg@@sigggrsgg@i&lﬁm;t%?&ugh ballast fto pierce

invention. Figure 7 is a side view an "enbodi hent o
t hite sutth@cto raplenithi eupplies gud epd8ver sintl hhaage oan@asvamgers or crew.
water grid of an enbodinent of the subject invention.
DETRL EeDIESoRnIer NN eR m9e: VB AHER Oppepajd slrTagggporformance.

It 2?} Pr eﬁ?@ﬁesdlﬂé’f‘%}% d.OQlQeﬁt i @ irg rgggarc?ng E%ﬁ%ﬁﬁ% %ﬁgthﬂg@quarines
g-range navi gati on and seakeé€ping abilities wt

t hendgapabisibids Yiateov epy ddepctrafpas st nget o tiadr wiilomebgegbelow the water
line during surface operation. This helps to keep the vessel stable but has the
disadvantages of providing very little ability to cruise on the surface, very little variability
in payload, and a constant threat of swamping that must be accounted for with complex,
costly engineering of safety precautions.

The submarine of the present invention counters conventional thinking by taking a
different approach and using a majority of the submarine’s volume for ballasting. This
large amount of ballasting is necessary to allow the submarine to be capable of operating
on the surface as a high-speed, long-range surface vessel. The huge quantity of

controllable ballast also makes it possible for the submarine to have a high degree of

variability in payload, to be configured for multiple purposes, and to have underwater
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depth. It also provides a high degree of variability

in payl oad and a purpose-configurabl e nmodul ar design,

making it very adaptable for uses in industry,

Wi 88@overnnent mlitary,24and recreation. PERAS2007/072978
vessel 'has a relatively sinple, yet extrenely

| inogatpabeittess garytihiahertig Wadryassahethwhishiotitn beqdidigie risk of
extensive costly engi neering. The vessel of the

pPEYBRNE PhYBRINESHE (62 PHESUFS Pk pegsriation lepr pose

submar i & é)tzllnwo%lgg bt Ezﬁlag)tvtﬁz(tqgﬁﬁl oxltrggaglg% &1@% %%glngl?\/%nthn 1S
and provi true general purp

PEESE M ick NHERDILOIE VaSxdrsisgneehday of akd ﬁ@s@fgeﬁcompat’[ment and is
perspectlve that is radlcally different than typic

s wmﬁ@} % plptue ceeadjtey s, volumpesetspy @escuﬁ%tcre@@at eldpagiurg w&k though

[ ac(% anbnaﬁ]legt %lugqerr%%/l %% nﬁgx{%fcﬁc ?esp Q{]ﬂr oug?l vfx‘}llgs, ugheereg?re, the

char dcteri'st ment s
a cbﬁtt&la@l&%@ﬁ&ﬁ’[ & thpikhily deacgel shetophan eyfuenpelzonesis flivghs capable of
power -t o-wei ght ratio, high fuel reserves, and high
v @rqyrrfbn @@@@t@m@ﬂ%@wﬂm rr?ése@ml iCAGIPSTIPRE &hig fagiuse %mgmshes the
r 8reéel H}ch%on F 1§m'G :efsrﬁ essure Btl?l?bﬁeg ﬁgJ‘n%ls spmvg the%q {r%cessaﬁlly rely

S UusS ness acr oss
Mg heSsimdehgér dohgharthlar bbllﬁ@aﬁiquxﬁuﬁm&&heﬁlrfﬂcb Itary
subs, the vessel of the present invention is of a
provenU@ﬂ@wwghMGHp@@ﬁ@ﬁa%ﬁ@S§ébRé@ﬁ@ﬁgﬂﬁﬁﬁoﬁévmbﬁgmbhkakthe
S Is&tm]%rmg aCﬁ{] %g l% Ventegsf{om SIIolfm%v{cg{‘:ﬁe %%%H%h IfttR ?z%rsgn),(zer compartment

nm ssion dura
Sueb@broddtIo athibeent Sleaduta/@ling (BeBivien SirZeordd, lRVBakedisgenerally be
transport, with over-the-road transport, air
t Hianisgde fillinsote 1©‘Hﬁ?pthllél9ﬁ gre \whmoaf &tﬁc}kciswglg@ quma@@em If any
al geértaé aﬂ%&git 1$ué>lyar§ y%er }ﬁn ¢ 8“8}1“2'8:"@/38% tll%%']all” mkI) tge fhin ball ast,
r Qlllea\;ésﬁ k11 $8@H] toShe Qurise Vh@&él@ratﬂl?&§@$ﬁ555 dwRrto the expansion of the
acquisition, crews, fuel, maintenance, operation, and

répapad aire Auffigtershpirgingr o dreparad adlasteroy cpmpgyeate for loss of

fs éﬁgr{a)%fgﬁaha{}ﬁ rﬁtog %:pgg @eﬁ?@@é?@é@&f fpﬁg@ﬁgqgn g\{)g r(])létamed per
of20b k& BF &R SonChR! 4iCAUES: @VETCNELRYed he present
i nvention. One of the key features of the vessel of

the pr élsemcmhmvlemnt off thesmmrslonumhq Uergamonoelisthic lmllast allows for a

ti I
D e i) TR ARy BLERRS WA R Rl ER st v
SUBABIH |lc%e its %ﬁﬁﬁ' td deQitn Nt B raeant dotni/rastazﬂ@debﬁlﬁve submersible
aspect of the | ast approach is the stagin

s ea@p'@/g ar mmngajfvetslvvengmbg@andwf pohyrabowgif1 000- 25()() l% before preventing its

lé)é 1(0 su ﬁiﬁgelsl ?r?eklg*n Voeglg é‘fr‘fa[jf I8, es%eéxilaﬁ%tgﬁargn ntdrvhlth 1?16 su%marme of
p rtQ@&"eHn@ &v@fltﬂrﬁﬁvh@ipbﬁerﬁﬁ% |aﬁ1%ﬁs&1§b%hbll@»§ d@pt§§ aged
bal | ast design t i'n many enbodi nents is separated

| nt 0 na%dnhtnmtaélynalfqtv medlsp a@dbmed dvly thafatt deiheoortue dhilasg system
Each di vi si on of, bal l

ai ¥ B B S A R BG RobmaeRoIray B oL Braleldis phove the
S%ﬂer"ﬂn@ RBldn WReSS®narine is surfaced. Thus, when surfaced, the through-hull
penetrations are no longer submerged and no longer a threat to leak. The surface hull
incorporated into the submarine provides an additional barrier between the passenger
compartment and the water when surfaced. Due to using the proper amounts of lift and

hydrostatic support, the passenger compartment is able to reside completely or

predominantly above the waterline. This also does away with the need for complex and
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Most typical subnersibles and submarines deal with

bal l asting in the sanme fashion. Each has just nore

than the m nimum control | abl e hallast needed to obtain
RsHOEiEbyancy to get a small “portion of its VETH$R007/072978
above the surface and to trimthe vessel during

s ubstrgethcopey bt FohshroTige-huihpsdetditiop et eivehit bpresdehen a typlcal

h I t to th
RN R RERLE G T IS

buyaPGYd LhakrEaRe *é@m%x?m helpr&enahWakusn bei ng smal | er
than the buoyancy that is inherent in the vessel. This

appr oadMomekeeshskerser cprwrﬂlfarfgf@omtrd iablafoy asem: szélysmgr qyeethe surface
they oper at e al nost excl usi

s PaTTPBRANSE R GBS Calﬁ‘%&yo%fe %ng‘fsg p,S&,:;ﬂl@C@nJ‘ @@Fload and heavy
eQBHII Bnaﬁé Eﬁ?ﬁtas LR RLSE K6t €1, i D RCBed Card 1RPIIBAL BNthe vessel, even
supplies and power and changé out passengers or crew.
Uniderghahie mwopét fod braossele sn tya)qahsubetd:rsﬂdmj little

attention is paid tq surfac f.or ul t

of the Acaﬁ\yeﬁl}ft? a%‘tlﬁlallﬁ{)i gx é?/gégpfa 1%383ar tg?}lﬁ rge amount of

e)&l ?H) 'ﬂa@)lesﬂ R 'ﬂﬁ§fl@(ﬂg t%ulka(mﬁlsa'obeltr@lst1'[1@‘41@0\\(@%)/%)%%@% hull to be
nost of their vol uire being bel ow t he

vvaﬁcefrpcbmmé terebnenadling acgcopentat isorface Thées fued pﬂ)rmewine Thus, the

keep the vessel sﬁ abl e but has the di sadvant.a

e
rt@wmé}ga%&éwm PHETORBTHZPAY G P SSBACR &hi8h speeds o be
Sy £ a6 M a‘)ﬁ dibfn %}sﬁ)lé’ ot AR gﬁ(ylbé}l Rpxdifadbe éﬁ@ly%mmgured for
constant t reat of swanping that” nmust be accounted for
Withinygoimpdsex, costly engineering of safety
precautions, The sub rine of the 1?resent fnve

n
count er hedgligst Rtstanal the AR Ay Byt BRFR SOl Cpfrthngﬁlpn of sealed

‘ Vgeﬁrdﬁlﬁi%]?rhgy #%lllﬂgt @Oxﬂﬁllrﬁﬁéﬁt? Rfwding FUbIRY z%ﬁesc'durmg a dive, to

[lastin arge anount of ballasting
I sallp@casisigh Yepee adfl mmbhﬁysubmaztaadearﬁogba s;zefgakib@mﬁfs In many
operating on the surface as a hig

s abpden s sthe baligeg shqja@ “(ﬁ}a‘?ﬂ thvylegfl {f}({}e qngmt]éat cach operate
ba}; h@l%hh?lﬁgl ) 1H:8§§:5(%k1% 152086 sélﬁeco%HQg%Hotﬂgs \&grk together to

have a ree of’ varia ty In paylo
Cojhbh@tge@dldfsﬁﬂfacﬁuhdvqsls@ pur poses, and to have
underwaterlifting capabilities. Safety is inhere tlg/

i ncr easBef Wfamhmtemaé baldast gﬁm@?rtmé@aé?rﬁ@nﬁﬁ@p?qt fF?Pd d and open

| eaﬁrﬁ)é {}5% Vg{se 15 V O %%B(#epba .r%§éjf1 ep&‘ﬁbeﬁd't Ah¥ O heed for

ast t
c OiiﬁlﬁxehtL;ﬁbiserel aft cohpefvaese od reblﬂt\kﬁlﬁtnﬂanom & dalb)tthtstncb Wiegeemain open
the volune of fixed displacenent of the passenger
coiephe sate Ancheiing smikniocavPyhbout equal to the vol ume

f f
tOheS ;E:t ﬁ]g m m%?ag't%? gt c%frnr}%tx]t%bg%%%lpge g@% gzlsng (S(pl? Hglfb the extent

t hesessial td QStadeaaafr@Ikafogandyhﬁh@IafgersozleIoé tHeee dmﬂuimtsﬁenit&llows fora
typically designed such that, if fully purged
al gmtgieg%@p Qb1 BT G R ieh g RGeS S frighy the standard

PASRENICL SoIRans %[g‘nts. -'Iflﬂl %na(n? A UG Bjélﬁlgﬂ &%aﬂﬁ?e%tst € sealed by

heavy-duty valves from both the main internal ballast compartments and the exterior
environment at the beginning of a dive. Their displacement is locked in and the amount
of buoyancy they will provide is thus determined. The compartments are compensated
with air at depth to avoid deformation. This allows for light-weight construction, which

in turn keeps the vessel’s weight low and increases surface performance.
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present invention fromother pressure-hull based

designs since it does not necessarily rely on the

passenger conpartment's buoyancy to return to the
WQ2PQO88880f 4 t hr ough- hul | pen%¥ration fails i RCTRS2007/072978
present invention, resulting in a |eak, the submarine

can beBpngw@mpéfdeh‘yr o &i dekibngha 01amhentbmdt bnblas) fomppatments are

passenger conpartnment can ]

praRalT B ng eR g v drreedt o gah ot RS TRLE Ny o the main
gﬁﬁé:‘fﬁﬁlblabfasb &nd kA 3@dn tiR doldphitments BRck g fard fated aOhe tdpeUnder
volunme o f the passenger conpartnent. any degree of
pdss$mm£mbmmyanﬂyn¢@ndﬁhémut&mﬂﬂmngmhédwbymiﬁﬁ@@pﬁhgﬂybuovmﬁ
air in ballast, the v

t g I%IPeﬁlag‘é addiliogy arlxtiig CQEH?CPO’SS(’%‘%%&é nba“f H‘étemal and main
eé%nﬁ! nggtf sB&s h ARREH (@i cm§?e§1§ﬂ1§ﬂ1t§ Rbn Bé‘ rgiNEr QU even if all
the main ballast to conpensat e | oss of

ap@wamwmakﬁhyoamuﬁ?ﬁdewﬂof%éﬁpmssemgelﬁmonpaﬂmn@mmmdndaH@ws

di spl acenent can be obtain er 200 feet of depth
CISTBRE T o SEBragut dprant P ERRIES. 1n an

enbodi qgf@f) 19fn&&1§ed SYBELIPRe ol BEIREIEEIRHGhdiABAIRst system’s
bal | ast a for a maxi nmum negative swing in
buayaneyurof Allpremh albibetsuZate 000 Wwdnld behonléow hetev és seér until the

wll conpletely Hgge its abilj ty to.return t

t he
o PPRECea T FACEM AN RECHEEp- IS BB A b1 ek Yoo dauble hul
a
1%88365&%9{9%%@ t\)/gvglgl:‘geljg?% gilé/g%f ?Eg M)I ltS’a{éi \gé;l%tbfel:ri is%ﬂ submerge and right
smséa@emngemﬁUMDnaﬁmﬁyhe surface is essentially
guaranteed with t mari ne of the. present i vent

when op&F A¢MHECHEO led a‘%‘gf‘ﬁétﬁl)’gﬂpg?“r‘élffe&v@ {pgones hat are pirged by

A%gdviirl 99@1% IV% Fﬁfrﬁtcé{s dnd s@zh&ioto enhaneed iy sthffRetaibbahe main
1l 1 'ast system al  ows the passenger

C Omp@nlt mmmttrﬁalkiﬁ\lkaﬂrtpﬂnezﬂsfl lyftsathe pubidalmmm’(tfblﬂy: fr@esﬁamdmg semi-

above the waterline when the submari BES sur f

TROSTO!AErh ALl 7aBEtre e AaoF g HeUING. B eas P ey crein

: I_?_ﬁléljogé}gi?{% %HE W@ﬂ’g??&g&g?ﬂ g\ﬂg%%% tn% bd 1@ h&@Kfect is that the

bnarlne
prsemi-casrodnd aalckist lsQn:atralhahﬂrolyart \Xbﬁl@\/kh@ﬂ@%ﬁes passengéut provides
conpartnent and the_water when surfaced. Due to

u
d@p%@psmﬁwgwefle Mepvessghty sHylaress Aat glesﬁﬁﬁ’bﬁ?litm“%d ballast
t
5SS FOMRBSHIRN o o) B G5 RupaRL hhc
avyapfaostit Thik heeb‘te@di dfsplﬁc@ﬁﬁﬁphﬁpis ahibétakt bysserfginneekinggide to side
for each through-hull penetration that woul d be needed
orvliletsycedl submarine to achi eve the same degree of

safety.p st ﬁ’&%nﬁﬁpye Qro@g'r thlaﬁ’er@ szgtgrﬁQ{fetﬁg %ssé MIRws enhanced

si npl e an cost e |ve eS| e present
I nvehdd @tﬁforﬁ?ﬁﬁ@@“ﬁfw&lh@s Ha/ﬁrgeal’m apticingwithfno complex mechanical
control |l abl e bal | ast qreatl i mproves the surface
perrrHaTcecEny- Ehe foyilhef thaaguetp! et systan {padugg crease in payload

S Q%Bclxc];tlyc\%% j@s%yril%ﬁgalaﬂﬁlt%%glv%elght. This allows for high power and fuel

reserves to be added, increasing the configurability of the vessel. The safety level
achieved is unparalleled by any typical submersible as the vessel can surface in virtually
any circumstances.

Another feature of an embodiment of the present invention is its ability to carry a
system that allows it to recharge its own air stores after a dive and an additional system to

recharge its powerful dive batteries. Due partly to the payload capacity and variability
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conmponents, such as surface notors, fuel, and

batteries, can be added to the vessel, even though

this would not be possible in typical subnmersibles. A
WergooMEi8P ow draft is al so achiéeved due in | ar BETHRR07/072978
to the | arge anount of controll able allﬁst. Thi s o

| eyadadoby By v bakesting (ystams SsV SsPraminde AUTY thege pdditional
[ t, i r

o B R T e R e PP S LB o besed
aht OWssubpHg aicdindall ey i gpdridom. dhd sseakeelpiapigaditaacghprovided by
speeds to be present in a small subnersible that has

t Hee pwaghoadlagapaen elpo pHo e teassse) (oY GRIF SenvegHo R Ayygen and

ﬁgé@g% ed‘?éxié@ gcétpo?g%‘l%&tﬁg ?1%/ gakg%@%ntﬁipg Jmfsqgfﬁﬁtto 'tlrlﬂgfbl@%&l AR support

use o sea and par

~ Opgpubbialdsast akoppatidReaimdads twehdreas tifereeusidesodf thoméssupport

during a dive, to allow a high degree of variability

| Aypems-oblts sthenagne dpcssetarquibe AT 8 surfase syl supportto conduct
e e e S
| RE@aNR itseMBdldweXhekitdthari@N® $eEImdopit nohdseahd aresnount of fuel
wor k together to subnerge and surface the vessel. The
mairesentnis dreaninialiling tacos iply thikintts recdpme nl iokplit @y the vessel
fl ooded and en While t VESS ' - rged under
R e S R L

anbi entA phRGS Watirabf (he YBRRNBALs IRNILRE 6Rsdbslity issues. Due to the fact
deformation at depth since they remain open to the _ _
séhat aflgige prisptage oSl odrme of the femainciresiapn abeygithe waterline while
£ L0 pREL L FRTRELA Ry gD R PR e s
buoyae e¥int Whercl tBey38os! #8stafaditeBe s G orP asssere atesnodklabwsind are in
for a great degree of variability in payload, which | .
calinpe Phorlees edcretleweter iheerty enwdsnniyaf dheasidedt opvention,
of, re abl e ights.. The i n.exterpal. bal
R R L T
t hBe OBpd? sideb ambd@eciRald @ishlacanBARKARIH EnPdbdve R waterline when the
exterior environment at the beginning of a dive. Their
dipsphiacewsribese smbodiksdtsiane alvld ta reensamsabie awd inbikalraeyer

taP:y c\(l)mn}éllé?]tgég\é@g&j“{t Eha%?&%glé%l%t %{rln ﬁpnt%gdigl\-/ggts %ﬁﬁggraegetnrtr?nr\]/teﬁtion that

defiardmRidhedit fmh §pahl Qwedrabich g pwBb@hbonfigurable component- and
construction, which in turn keeps the vesse%'s wei ght

| cwsanblyitnsedeawdslas porfstioetiperfros madekriBe ey c &apt &igl degree of

full atag th, the in internal ballast coppartnents .

ar @ RBHEP AT Vil A PGP IE ber ety PERBIGR ot @ particular

Ca01rP&selanl 86110 adinkRGhitYerhPEAmRE o Breksétit @fvRAtion are designed for

bal | ast and trapped in the conpartnents since they are

seabitdpaposchee tigplor askeroduction, with the ability to customize each individual
submarine.

In an embodiment, the vessel comprises one or more primary assemblies which
are large, pre-manufactured portions of the vessel. The primary assemblies, such as the
passenger compartment, the upper body works, the surface hull, the surface engine
compartment, the side tanks, the main internal ballast, and the central framework, can

easily be swapped out, added, or removed for repair or to change the vessel’s capabilities.

Each primary assembly is pre-fabricated, typically with pre-attached components. The



10

25

30

this scenario each main internal ballast conpartnent
functions like a positively buoyant diving bell. In
addition, a pea trap connection between the main
Waeonasssdnd mai n ext er nal baI?ast ensures t haPCTf{§2007/072978
internal conpartnents can be fully purged even if al
vatssddyivies by compfiagy at &ﬁ@erpnevhrsgnaeér/@np@fmeafaéﬂ%wr agie surface hull,

B oo AR RS Bl BT RPN ALL BWnd Bpartment

er v r
Ci r cunefian ﬁﬂﬁlarysﬁls@ﬁMrdssanﬁ AN a@eﬂma nncirhﬁ cBhihbaGes @Submarine
well, as a result of the main ballast systems seal ed

na@mp@nelm dinedech b@fmctqmemgr@ﬁ finleethpesschetd gaohl spnargtehpo grids
wat er t.er unti . feache

PSS PP T Rk ir Qe B P AUl GRS SRR LR fsotes hove
FH{etﬂﬁesrcHQé‘r Combhrth P& ¥ B S@lin V)&fy%ué OthhiwMert chdbi@ & 101 dedly affect it.
weat her, it can subnerge and ht itself, adding even

mbr ehes afeeetry iningiogenit the etitar drah dihpaiasseseerc erpPINsakis just once

free ood t are vrty as the
végﬁgr\sﬁrr%geggﬁﬁ§“§%§¥88“r%e 6%% eyvegsoTUrlng sur f ace
oper at ifQPuseldTPritiirD adsBin6 ikl l0dR dagtl BloRdds Bakdsanbling the vessel.
typically lifts the submarine until the free- flooding

sémig embpdbicablaecdpéihl Agmnew orkayinag g aﬁﬂgfg”tbljab:ob}ﬁ@d{ ywn which other

waterline. Then, hese d th

| 3?’1516‘:“ %%éerg\lgys §é“%\n%€%hf§%%ﬁg JI %nedvgﬁal 25 ttyj%rfr:%i F}ga rigid box or 1-
p %EQ@ @ran@h@hl@ﬁha%fkfe%‘c% tSmbbkak nldfgias ANimiGemt 6:dth@digid material,
baliast is neutrally buoyant while the vessel is

s wbthe pyedtilledt mprotig dslcaddi biadvwad fafi gyl aiehwant whiother primary
the v seI i S surfgeed Al so, the sem -controlled
bAPTH I CHB\AOGEO P 8ehoar d di spl acement in the portion

that regi Iggﬁb&rﬂﬁkn@pl%}/@rehn@r Vf@trﬁrnlll&e@eaﬁéhhd T REd ﬂﬁ@ﬂle primary
This freeboard di spl acenent hel ps inhibit the vessel

f nesenhick ilngnssiwte. t dhsirdefowhing encsirefsaoed. coPpwrise steel, composite

funct lit ft | t
Y, g%%%‘:] ?a'”ﬁ‘ : mg ALY gfefdojglg E]}%feélf‘ “ﬁﬁﬁ?ﬁé éiﬁﬁﬁ%g]oug%n %(ﬁefs O£Erdeblb

diyi 8 . @RRAmSKJrag)dn erma%s%r%QMd%&T%ﬁWb&@éd or: the assemblies

operations necessary. The result of the unique ballast
systmesulves. a large increase in payload capacity with

just m ninal addjti.onal [ This allo for

pover dia i PBeRB, e gicba ARk Rt MRy s are used
% Qtpétre'n ¥ 04 mtsggd %ﬁ%%&i%h by t-[lla%o&@ifugﬁyn JuﬁM@ﬂmmary assemblies,

ach I's ufiparal l el ed by any typical subnersiblé as

thﬁn@e&&eﬂhcanﬂsmmﬁa@mownuvﬂmhﬂa$mvmammucovmuﬁwﬂﬁﬂﬁﬁ@mﬁwnOr
Anot her feature of an nbodlnetﬁ resent

| AR riTS TS apfifed PE y'S tOIEAMYY Lﬁeﬂiygt foTPRiLte 8T SgRce boat
9 addgrﬁlf&%‘r ar Qﬁngtas BB ® FordhliRD AbIRH, thcdpN@agNEks@iblics arc

I'tional syst
designed with sufficient structural strength via corrugation, internal welding, or other

means that they will integrate into a single chassis, eliminating the need for a body-on- -
frame.

Further embodiments may use combinations of uni-body and body-on-frame
construction. Any of these assembly methods, when used to join the primary assemblies,
provide for the use of an assembly line, which has never before been used for submarine
construction. The configurability of the vessel is also greatly enhanced by the use of

primary assemblies and components which can be easily swapped out.
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recharge its powerful dive batteries. Due partly to

t he payl oad capacity and variabilityprovi ded by the

uni que bal | asting system the yessel is able to carry
WRalW/o48d#0t i onal systens and thus be aut ononouZCTHR07/072978
air store is typically SCBA breathing air to be used .

as | i f&C5appbytUnHHE Riusatl f’é’s,?’?”‘ﬁ@dlB‘ﬁé? ak fhgmresppgnvention is the
S tial [ 4 i & i.des ' e v
ARSI iR PO ERACLAL, ROOU SRR AR RYE e e
copany ihales exyge-amdsgardyoessdicdxil gessegreudbgrristeorvesich also
in large quantities. This leads to i nproved life

shpset ccoptplibiNsirEmeaisapl ARSENET FANEY GOBMIREh oy eyer. other
i ncr t - S 1] , "
DGR DS LM IAe e B RUBREEK, SXERSTR, e oo
SspRpait-réststanRabisérsionbbdpl e di ves, making it nore
conveni ent than typical snmall subnersibles, The . .
abi | i t yhe papsepgrarcgePrimenthag|copiections st mir gtk Whigh allow it to
dive ltiple.ti : . I i S
RN PRSPt S PRy RS A o s
Thiveng@hill, ptoyidhy @S ombesses®dent dingerant ang@esanollgnhaabeincluded
dive tinme than typical subnersibles. A unique feature

ofo ashist disersapieratigns insatiean flivgs- dxddstoapily. thepmbicaijpgssuyggaode can
to the,fact tha e p t - |

R VB NP P BB PRR AR o B pYRHATR Shourinen
syrdvagiad enhdiRe¥ 858! Tike S8NHtyaL @ibigitiskhe COOPEBtel ths passenger
center of buoyancy when it subnerges. At the point
whemnpartineyt. erakiged wisk the fachiat theein-sllpeagstigssindy ¢y the lower
" 0 BB P RS e P OBy o

t Ryip %ghcdxh@ewwlmfhe@a@aﬁ%§ dbhpabakancedwdiest ri buti on
of weight, stability tanks nounted on the upper sides,

~and fr Sebowrdoni rsh agsnersswRahulengl rsnbigbvecspie compensated
SR SR AR PR e P BIP KRR e

| 0] ver.

I, AROFy A Iy Ghadsaetignl Sbhfersidn podgrh@dhditacokngine compartment is
present invention that distinguishes it fromtypical |
stymenllyi &1 embicst-pressuprueqrarsasaioh filkjueraion erod o s sppmersion pods

ﬁg‘g‘ﬁ?%? ?@?&%ﬁ%@%ﬁ#g&‘%ﬁé Y]ael(saeﬁ %lgléé ?cgrgl{xi()jl%gts a-rrehringre easily switched out
coRf h@up@Rk ldohddinehin! e PASIensetbomAsirbh @t VERSeli® RE®Ds the fixed
préconfigured for a particular purpose and built as a

sidnglascmeit Joventsogiingibe wefght Hecpsaxetet sybmeegst thensugpmarine and

desi gned f.or [ ti-purpose and, f or, mas : . .
prnaﬁg%sel?gbﬁ?e Wrr%]aﬁep orgﬁpﬁt%?%g 15 Glss{)oerrrl]h%neceg ggﬁsolatmg potentially
| nhydrduatoraptheRdsi R thehadn &FROEIpARMent, blA a¥ @sHeoltage electric
conprises one or nore prinmary assenblies which are

| dmgeor preéstoeasuf act ured portions of .the vessel. The

Phe apperosoay ol e C o R BT oI S e e s essure air

enNGhipnsation grid help ambient-pressure submersion pods, chambers, and compartments
avoid deformation and water intrusion at depth.

The ambient-pressure air compensation grid comprises an ambient core reader

which reads the ambient pressure of the water at depth. The ambient core reader equalizes

the pressure across the grid, and air is distributed to an ambient core manifold which

connects via vent hoses or piping to the submersion pods, chambers, and components

attached to the ambient-pressure air compensation grid. Due to this air compensation
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conpartnent, the side tanks, the main interna

bal | ast, and the central franmework, can easily be

swapped out, added, or renoved,§or repair or to change
WRaRPOLESS) " s capabllltles Each prlnary asseanQTﬂ§2m”m7””3

fa t ed, ]
pr o hethr:?s%aco%pg\}gégléiﬁ:a%t F(&lgi |u§/tp % 8 1,4 QVééfhétmfuggglts ag% various

p @@ a€ Ton%&@ﬁ&ta@{etaemﬁblyl BAsht. ANKIgSHT ﬁ%eeyﬂléM helftreduce the
one ininternal ballast, and at |east one
s ukéch«hep ecegicneandoophw tighit. theQrdse, tharefoaralloagse s kihegger power-
and nanﬁ common marine conponents or submarine
cBnpyisehieiocan al so be i ncorporated into the vesse
and ea?\'nh%elcef?irwﬁ&éceﬂ'o{n%etgﬁ s aﬁﬁﬂ%}ﬁ' Qg e%ﬁr%@ﬁﬁabl@s%hon grid is that
powe alr, water; %y draul i c power. Typi cal
s utfmaf Shddf ﬁﬁn;h)ams mbe dm;s&érfgenseccmmlarrtdnem atdg gh-peessure depths
mai n body such t hat every change will greatly affect. .
st dent o e & GPHE AHBAATPERing these
p J i,
P Ry e Bled By bl ORI RS o bioh gy seed
PFalafEITYs i ASS e:nsbipbeen abl bn/\mo\iﬁ'redamﬁ aretindd® ﬂnfe ambient-pressure air
assenbling the vessel. In an ]%Eodlnent tral |
f ﬁ@lﬁé%ﬁwwi%mﬁ\ SIS UPR AR ale] bl&ﬂlsm F ahi etmgnents.such
e - i
mv\%?gﬁﬁgrrq&%}ie 12)5 g?%mg@ rcﬁH 'BE‘EE)%)%H%— %\%lclgegfgtr)nﬂﬁlraén%ent pressure air
\Mabmbelfﬁayorb@ndshe al vencbmeoﬁhﬂs erdnaker tha kord] gunatnlum of dlre vessel and
other rigid material, with pre-drilled nmounting holes
oMK EF deFB} t he attachment of ot her pri mary
assenb lArﬁ? @Hgﬁ FONReNE Hlte%resgﬁ 1@%113&#’@%’5 H%'m sioff dfgi' Isflrface hull and
rei nforci ng nbers are incorporated into the prinmary
ass ebhity esachirens &lghgowelhe weaihnf0ibci ng menbers nay
conprise steel, conposite material, alumnum or othe
rigid rePeelsabmagpgsng sebmesIbEy “ﬁn‘ﬂiﬁf‘?%@‘%b‘l s, mhwﬁl have a very

g?g%ﬁ alt \Ll%Ch d&ﬁ Al Iu@ﬁl@?@ﬁ b}ﬁ’t&t gr&?gatdo Yam rrobu]n‘( of drag during

|es an onen or the Sse I es
t kensel opesition.Mrag fobN’eh hgice e ninbidcewdet cmegstivededfor surface operation.
framewor k nor reinforcing nenbers are used. Rig g
and st repgeeemerehilhgewaly ¢ vigddr By fﬁ’é‘”%réln%’le% t/.dfﬁa’» and the

le%n eoPt%% DR R3IH ?ﬂ? a ﬁf\\fcéh lé%ltlpcgank&egoq?s%} Qﬁid11clmr§]p¥ed because

art a

C YTSHd Wlel a0tion @6t iSEdebiet by i@moskd florwakl) aid et ot dcsion is determined
commonly used in autonotive or surface boat

nenvikelchghef thegessgl 4 digiladsegpt lwri/@?%eh%iel%n&& Hsaed ifsphgll speed

p\h Q¥ha5%§”%%k§§ Aare desi gned with sufficient
structura reng HVia corrugation, internal welding,

or ot hap oRRaRSachiat a bhey hidHel thantie ke ndthedfosdengluet be used.
chassis, elimnating the need for a body-onfrane.
Fur ydvedy nepixdéi m&itlgg ey aisesd SREIRREIISSSd Lo R hull speed.

rﬁydkgog%amlc 1fft L% from the tendency of a vessel to rise up in the front when water
collects against the front of the bow as it moves forward. With sufficient thrust from the
engines and a proper hull design, a vessel can achieve a significant enough amount of
hydrodynamic lift to ride up on top of its own bow wave and plane. Planing is similar to
skipping across the surface like a stone, as opposed to pushing through the surface, as
with a displacement hull. Planing allows for significant increases in a vessel’s speed,
because the vessel is no longer limited by its hull speed. Drag is also minimized since

more of the vessel is lifted out of the water compared with a displacement hull.
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construction. Any of these assenbly nethods, when used
to join the primary assenblies, provide for the use of
an assenbly |ine, which has never before been used for
WOBHEUOFE0 const ruct | on The configurability of PERAIS2007/072978
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cantsabaedbient pleesupassepmertecanplaarhaerdy, bl is agireseure hull.

keeps the fixed displacenen ow, .J owerin i t

roebesdl i i BaBRL DS PERETE hhabe AP HRan IR il Be iR H‘ﬁgp‘ht fhe fucl
f

LA RRISARETRRGRy, SRk 3.8 SHRANESE Bty musto

p a&iﬁah@mﬂomﬂlrp antimainte, to divelwlas findl ghlowo Iﬁhdgaltqu@smm icampensated

25 lines or fuel st res. Enbodi nents of . t he
i ivelierks s B pFeRl g a8 gﬁﬁlwn&m’e%%g@eaﬁu?f ha engexf the tank is

compensated with seawater. Some military submarines in use during World War Il used a
seawater compensation system, but it was very complex and is not practical for non-
military vessels. In fact, many typical submersibles simply do not carry any fuel and
instead use only batteries for energy storage. This results in extremely limited range and
navigation capacity.

In certain embodiments, the submarine of the present invention uses variable
displacement fuel cells to be able to carry fuel reserves of greater than 500 gallons in a

small-sized vessel and with less weight than typical designs. A variable displacement fuel
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conpensation grid hel p anmbi ent-pressure subnersion

pods, chanbers, and conpartnents avoid deformati on and

wat er intrusion at depth. The a ient-pressure air

WOrpOAEE8P on grid conprises an anbi ent core reREEUSZY7/072978

whi ch reads the anbi ent pressure of the water at

d@fﬁt @pmth@s arlsxibin maisrial E‘éh@%&‘eéﬂ%lm Hesmpip dafpsidaifs or a free-
BrO$3, : gpp§

cor & nan mﬁg kh% ve@%ﬁj I%ICLleSC%g%\I\I/?% 'ﬁe@#hggeolggssl@glrs i plﬁ%e pump,

t thetdde 2UlRE ShcobispREETet haiTher &l andthe Ofmﬂ)znentcﬁt of the cell is
attached to the anbi ent- pressure air conpensa
gfl¢dcaspiienqre WMarer entgis ﬁh(’CYﬁﬁﬁPén g%lpg)wsayg:t ERylt ¢iHude addmonal weight

aﬁngggxg&%garw attalen SNz bu% 1%:3/ Z]iquthé Be%mﬁ oqlatdlv terials

apes as easonabl y

airti gﬂbn‘;e'cﬁnl@@lﬁhtﬁﬂgoﬁel ghthrﬁaﬁytﬂl @émxsla@ ke vedtiae offb& a dive with a
fi xed di spl acenent and tot al 8ht of the vesse

t A8t @kbload Aecoirk qflpgsefl diel gemhg ﬁb(put ok@}b{g@llom@p@}lwn Water.ghe vessel
AnOt erl advaen n Y] more el lﬂﬁls ng q{lat RRLESRY e? s heavier
SHERE TR PPt &7 s ot

hat oftT-t he- nponen

d ﬁﬁﬂ&%@r fiPfeUs e ﬁtl@b&@ﬁﬁfdﬁl‘&%s \/(hu}@th mé @ﬂﬁhlz[rﬁledﬁcﬁﬁsfgﬁed with
under water can be used on the submari ne at such

d emm wehglyt t@bﬁﬁbémtg dtiength hBgefueldaplor sistlovererpitsalopsgough the

N R N ST

athaghedispictient 308l RN - (e @SEIPeLsabihg welmpeiisat Iveﬁbeg trivekling in
to prevent deformation and/or wat er intrusion.

c@tq:vmﬁ@‘rwléh Sugtiloas obdingal ifwd iy ailsiebat Re4 1 @imé)@é}‘?@ﬁ@ 728 Ib of

be ched to t I
carmmereat Poi gk woUh BERRGay 10 PRk RO R ERadh Syl ot s
confskigurabiclibd ¥ 18 wehe: yegseles@nEklsd MM fok @Shall@y draft, which in
design. An inportant feature of the present i nvention

i swintesniribetease tha abilitaokthe fvasﬁ@ toutlincand agltieyedpgh PH%?dt 0

S

Whi, \Q,lihvaﬁ\‘r?a}@n}’rﬂtye deafr Vh%mevs)@ﬂk g hior@edCRsy B Exft&(h%d a passenger
visibility and creates a |arge amount of drag during

s upfrpegmepel, asirtioe hih 43 ahlomemsboslp sodksait ungeeaggts compartment

ener gy. neede r surface ops cenent . hul
vé&sé@glﬁF%mﬁpﬁf’Eﬂ”ﬁﬁ“?ﬁ@l 5%3?ng%§£ gIg s Ay further
theviliengs h]GQIflalltl Qgel 95 @hst c’ca)‘lﬁlaftﬁeﬁ’tt, afkl @k WeR bbﬁ:ﬁg&ﬂnpartments 3.
cannot go | aster t an its hull speed because of the

wave aclliegrasdehadr ca)mpameattdshoasesnhe passeeger ordwantinsanatrols for the
t he wave actlon IS detern1ned by the |l ength of the

v EPSBIION AT U BISHC BB SHUTIH TP e Ahe RRFFBHD EPTRETEERT 1 is  pressure
e)iqc[fl.eGEn aﬁtémgmlé erﬁgﬁﬁrgtel\{\fs, th cpglf'a%penlépr 9&1}}?&%% W&y be an ambient

pressure hull. In a further alternative embodiment, the passenger compartment comprises
a hemispherical head portion 36, as shown in Figure 7. In certain embodiments, the
passenger compartment 1 includes an air conditioner 56.

The surface hull 42 serves to separate the passenger compartment 1 from the
water during surface operation and also helps the vessel attain high speeds during surface
navigation. In many embodiments the surface hull 42 is a planing hull. In alternative
embodiments, the surface hull 42 is a displacement hull. In a further alternative
embodiment, the surface hull 42 is a wave piercing planing-style hull 38, as shown in

Figure 7. In certain embodiments, the surface hull 42 comprises a hull gate 18.
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In order to achieve speed higher than the hull speed,

ot her forces nust be used. Hydrodynamc |ift resulting
froma vessel ' s notion can bg used to surpass the
WORPOISPESBH. Hydrodynamic lift comes fromthe t BREGHEYP7/072978
of a vess t en

col | ecf@ él‘ﬁﬁ?lng?éx ﬁ"ém?sr 32t Su?i‘fouPﬁigeq 5t W&% P?él% the passenger
f O WG, ‘ﬁ‘nenWlt nmé uffibifiseterdi B/r wStn EfRup tihe SRAOLNSS ﬁ@%a@sengel
proper hull design, a vessel can achieve a significant
en@ugdntnmmmnh to 1dayo[nonignyaamlmdlm€fr1ts tloc npte bogdy orrltsely includes

of its own ve an | ane. an ng.is si
s R?l‘b‘p‘ioﬁb“o‘é%??%gé b G RN aeh et i &ongg m&bep%@féa one-way
n I
SRR R0 S B3 10 b s
Vﬁfzﬁ&ﬂes divé p$a@ﬁ§6 (Hﬁﬁ\&um&ieblm@ed/mejn 1|n§31gmre|5()mlg?e lmay be deployed

limted by its hull speed, also mnimz

s Hrare e @osFINRdD gedde Pmlf’%dllnie\“? dbe G dish aph edwé% preas 16 may
C

ba?? sgeg?orn%ﬁlgrsﬁ] g)o%i? éf;béﬁ ?hv@%ﬁdgg&% i)‘ﬂie%‘éf(é? sugmersmn pod 49)

S Bﬁﬁdc@t‘%lﬁl’ bkt loaM@r&uBﬂﬁi’@idﬂQﬂdMI I theivengbdinend, spager body

savi ng of the anbient-pressure conpensated engine

c otoper Y inghide gubpitardilohhpaeser thaay G‘Eiﬁ’ﬁlfl$eriépin§ 38 Hragcan be

S O BB PTG PRUB P am PR e Bl i Bl s my
C QRREAS BSceRal R JAamSME, ilRC®pBtdddy W’dﬁjké rfay} iAbBdEaPadpbemount 53,

of high speeds during surface operation.” An embodi nent
oﬁveﬂlfﬁ4someslsetllat0$anhé5f| rst subnmarine to have a

Por sepdnarysuBatiieat 6 itanenpregenP R ARtk Bhpressure

S l&nfnﬁ@l%aﬁﬁl HifehE %@R}a&t AREnt %MSJI Pendud Eg&kf%@xl'es 48 S840 Y€ dmbient
make this possib Pl ani ng has historically been

cen=i datce A2 nEhe lsxyrfacmmgmr: bapamtmeu2Pacftanesousss $urface engines 31,
pressure hulls. True sybmarines have revi.ously never .
‘6%P@V@ﬁsﬁﬁ%f§W§HWﬁ?@éﬁ t%%@?%eoﬁfrbﬁgﬁﬂﬁﬁne1ﬂ§“trW6hm“”%S
Pl,3ng,ny ?Aﬂ?@{nlb!ohﬁfne%s hi%%u?&{%%h saﬁca% Qlln?ﬁnf Bregs!?l?e compensated
présent rnvention Solves the c I'enge of reconciling
canftidgue adaid 14 yapbe usdtrb helpikzep ﬂvetshrfh@r@grrmmgmpwmhaaﬁ sealed

.naV|gat|on and seakeepin at hi gh speed

gﬁe& thgfoupdrivastspaiiaratsd. bie LRacpneasatdli CHM&J@ JFP“P el cells 17,
grb? arrle %Ptleﬁ ngla u%@l%;?l%é%eﬁ H ‘ ce 5\;15 M {'j;tll?lé 36%115 Hl%ll cHe@k valve

enat to's I hes an nerS|

semerraé sdrﬂﬁ& @hSine WBinbertidee el ty;ﬁlblaﬂly @ifpises aesngind jid cover 11 to
m nimal Iy and thus does not need protection from

priess iisealett fr@eﬁhmelemﬁets flosprigie ambedlalegﬁpthﬁwesrsebmax Hiplde an aft
f f}gxiustte%%q(nltl\‘ji\g%j in ¥y alftgtggﬁs{‘gf' %ube%%se%%&@éjpgn%ja g&L tk&ﬁste&%ntalned mna

ne carr
fQ%hmmﬁ@Q§un@;@Qﬁmﬂpgate for the vari ance of fuel over

the course of a mission. Therefore, fuel tanks
In many embodiments, the unique ballast system of the present invention
comprises main internal ballast compartments 2, main external ballast compartments 7,
trim ballast compartments 3, and semi-controllable ballast zones 9. Each main internal
ballast compartment 2 typically opens to the outside environment via the main internal
ballast input 43 and to the main external ballast compartments 7 via pea trap connections

44 and main ballast valves 27. The main internal ballast compartments 2 often comprise

ballast liners 28. In many embodiments, the main external ballast compartments 7 can
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nmust be anbi ent pressure conpensated or,
alternatively, built in a pressure hull. If fuel is

| ocated in a pressure hull, the,displacenment will be
WOEW/088/80t he fuel weight will vary as it is u8€§US2007/072978

Conmpensati ng wei ght, which reases efficie . ,
P BIGE ¢604F TPV HE SHUE KT O BT PEr AR ik upe §iahe exhaust
| QWY AlbLE Pértam gﬁﬁ(Eh%FﬁQ NR&s 3k g s fiy&haytianksq &b L8 with water
present a fire ris air is ad or "an engi neeri ng

c hgtdtnge ot tjetthe frankheltsllearsystasat ed wi th seawat er.

Sonme mlitary submarines in u ‘é[?urln W)rld V\aéurwg9
used a %Eﬁ%@@@@@ﬁ%éﬁ%‘quﬁ %cj aay elﬁﬂflc‘? SYShed a fuglau system.

r cal I fyar, I di
B O G DONLLFCHNERSE S o
arybrhételonaids | Msh@aderhiseliphy, hatdiesisesm onpreaengygen tanks 13,

storage. This results in extrenel imted range and
né&:i’g%@tpme apakd, @@/emf:u@e%@’r%llaﬁaﬁ é%@é)éﬁhﬂ@ﬁ%sgfe cpRgressor 34, and an

diagﬁ”lnélc zﬁ%% g{talégl} gr?ﬁ llo(’]vvg € altJ éﬁﬁeﬁf%}e%' £low- -pressure air
I @SBV M an®@Eor@fcadtBh nh@a@ aHI)Eh gﬂishﬁ)@é}l_l Hdﬂw@rySi’ﬂiBhV -a®ti a8 drid check
vessel "and with |ess weight than typical designs. A
varivabPl® di spl acenent fuel cell conpri ses a flexible

mat eri fue i din

or & t e rortterge s BlEd B SR g ivea

f romdihetsielelovs it used by a fuel punp, thereby
reduci ng the di splacenent of the cell. As the

di spl adkEweemm Gfntine cominhani| deesrusad befeinngfers toaceptral hub, kept at

ent er. ve to.,an

a&m w‘néﬁéq@s%%éﬁfjmk@u}?aeuﬁxgg,gggzgﬁ}lr?u)ng)te{)séf1#) ﬁtetgto?}éﬁrconmuncms .
bueyaneys@t the beginning of a dive. Some conpensating o
wei ght may still be used in the vessel to offset a

di ve wi'the taraf tinibidntedre Fadd:” Basalsecigicdgeto afd@éice\%ﬂgqfﬂégand’“r
about 5 1Db/ aIIonIessthan water, the vessel is

ad?iféﬁ 03}}%1?8“)8 SME with nore fuel . This neans that

the vesggl gt SaIM@}lY'&ESSHﬁdeﬁé’\@E&F h@Sinf M&lrs itS tHS §fle@M of the
wat er replaces its volunme. The subnmarine is designed

wichhiremooghumadeght veseellaea gbles tinge.di ve with a full fuel

| oad of vveII qver 500 gal l thouhth actu
fue| |olahf ﬁ% VnEY <Ay L%E?rte r)ctﬁrg}s e‘%agfé&,u»;lug?meanmgmthefm

1< gfépﬁtartﬁé S 18 radvantagsy efc \R/Qt@r M@z[ {akand '1§$du§?t%ﬁﬁ@¢velght of

cell t he conpensating weight for trie vessel
t riaw eblung qfrwasearal\mtaecdb\ytm vs2&lgal | ons of di esel f uel

is only _about 804 I ile | east 728 | b

corrpens]alf‘? P wEN SRR B%v@dscb‘él%‘?éc%%g% efm’tcl‘?@S‘FtﬁB § Wit dts usual

| %@Fnex% il caarp &SR £adidd or-glilb&dlﬁ‘eaﬁ& to rr&ﬁék‘étth@ﬂlaj di‘lty, if not all,
he weigh , of the vessel helps allow for a shall ,

drcﬁ’fthe cavhorciomde fiom comtple bfinies to the ability of the
pl ane and.achi eve eed., Referrin

o the LR GBSO LRONHS nOFF ST 88° 1 N R apaagal g isusua

t hﬁezgﬁﬁgc‘ &the art, refers to the geometric center of the buoyant force acting on the
vessel.
The term “center of gravity™ of a vessel as used herein, consistent with its usual
meaning in the art, refers to the geometric center of the vessel’s mass.
The term “component™ as used herein refers to any device or substance which can

reasonably be included on any submarine, submersible, or surface vessel.
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" submer

I nvent on may conprise a central framework 8, to which
may be attached a passenger conpartnent 1, a surface

hul | 42. an upper body works 333 a surface engine
WerpRroosisht 20, naln |nternal bal | ast conpart nBRTAS2007/072978

0 5 8 e B R R

t phimsO@hlpashesONRAEE LR e%l t 1eceﬂ;B Qir PAgHEAAY injected under pressure
conpartnent 1 houses the passengers and contains

c ot h@ﬂ s dfrogt, edraradipbleatdnoecton e aegyélor i rv:owmwd to a ballast
TR e P e, FRSSHAGAFTPEF TR sl B SR
C A RN hafladiRY rBerARnATHRH /R nRieSSmal B!}'l'lalst cdlﬂpeﬁi‘[ments but
further alternative enbodi nent, the passenger
cem@akﬁMEHUHd@MpMK@BgmaHWGWIspherlcaI head portion 36,

as sho Fi t
pass ehé& epg n%&rfﬁﬁ%rﬂs UTGCF lheg?ela &%Jgrs 19 a1y crongE %ealuﬁsg%z Hly capable of
S5@oidthguaur face hull 42 serves to separate the

passenger conpartment 1 fromthe water during surface
oper at ifbnteandhalradidrelpsulatve” asessidlercat lteé‘ftrﬂtomng hongzp@@ ¢t hold

: Eﬁ“ﬁi‘;@é%ﬁ{y}; es %lgpqa tlgala}dézmhﬁ éy%ﬂnﬁ? EXH (?Qﬁs Bfi)ttrg?eh c:(aid91é101131 fluid until

Hf%oﬂ LRt 0°‘f tht Iy dISaHﬁE 0&erN WrdpsA1dve a 2eHhiBPhASENBNAt which point
hul 1 Thn a further alternative enbodi nent, the surface

hatiditidi2a! iflsidas weowed gl tertied Imgirpllantagadatgt. e hul | 38, as

surt acd i S hEainis PLed S ngara s b g meningin e
bagy eyRt K)Sthg’guoi}éﬁ{ RYadsr d & JuoMRE upPoh 5'\/@&69&/}1;1@@ is sitting at rest.

passenger conpartment 1 and extends laterally from

eltherIke&mnén@uabdkstnhEHpasssHQERﬂmnﬂraﬁqﬁEmmMuummummehl
the rear y enbodi t he per body wor ks 37
|ﬁ8WHH@§m§%ﬁ¥ﬂg f?%?¥%ﬁrggﬂgﬁVQ§PwT§ﬁ@§ 8 ich may

have sqfj. e‘fr‘ﬂnhélﬁ¥i %Q!)yean@f‘l ds33Ld G WBNsif L ARPIRT B Lﬁ&al meaning in
and stabl ity ta n certaln enbodi nents,

U pipedrt, bajd‘y tonbe kmct%t‘x’orawmire nlredbmd eégralmbeanplthﬂm&es)f (oswaww acting
in depl oyed position i gure g% %hat may be dep] oyed

di anv@-fsaﬂf %ré eaybaéf%}fsﬁuaﬁ%t af Weaé%se OSSP REHDES DREVaLcr

rear d?ﬁ?% rt]@rgg ﬁk&%#@dﬁs t 18 By hbeitReds ft(?ﬁ component of a

ousi ng additional batteries
(ivesssuthae sife foramhd)asemgad i ddcopradiuringedperama ofitle vessel.

subnersion pod 50). In_certain e di ment s,
body WOMR T3 DHESE ﬁem&ga@esﬁd}s er4if) I‘T?f’élsébg ip BF ggified.

bt 1%901314(%9% agfogg Lk af'@z‘&s}?ﬁ oﬁgﬁﬁpds@] SRAGEBY tving

app |€af|ons ter hative embo ar ger
staabirtpligng ramsakl8 compolnaty @cxarthplecer wrdiofting components from a

enbodi nents, the upper body work i nclude a
oy hmane andeyipching 0@%@ T HRAAP PG D e%é@le Wﬁh‘?fﬁﬁiﬂml?

a%%g‘:%ln? g&dg:%l%ﬁ pgth% t{/regs%ﬁecmg ngh %hﬁggpéﬁé %hﬁo & dp%n design.
The term “seakeeping” as used herein, consistent with its usual meaning in the art,

means a vessel’s ability to endure rough conditions at sea such as high wind. large waves
and heavy rain; and to navigate safely at sea for prolonged periods during stormy weather.
The term “semi-controllable ballast zone™ as used herein refers to any zone or

compartment of a vessel which is at least partially open to the environment, completely

fills with water when the vessel is submerged, and water freely drains by action of
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conpensated with the hel p of anbient pressure input

check val ves 45 and an anbi ent core reader 22. The

surface engine conpartment 20 eften houses surface

‘Eﬂ@ﬂ%@§&§9 whi ch use surface engine gears 32 PET/US2007/072978
B B B RS s BT b e 3 G s on e

aggﬁggbfgk3@§gre conpensated. Qut drive seals 24 may

be used to help keep the surface engine conpartnent 20

seal edThhbre “shienaine” @ssrms@ébexarlerefm@taécauwnh@ogwsaéédpab cof
‘%lnes 31 draw . fuel fuel

SRR abre ohearadkRake® Fua Sauh @PaoRa B on tetien
| Lne, @Qh%@&kefegl%% c‘éﬁ;ﬁﬁmle\éa&ﬁéﬁca%%ble-r&esaw bp&8HBN@IdREe water with

conpart ment 2 ypically conprises an engine |lid cover
1lhumen kespndets.seal ed fromthe elenents. In certain

enmbodi pents, th jne. ude an aft

cont ai B0 SR SHEAFR o e s @%Y%?S% 08 Vgl gapable of
szWelPhﬁHﬁ% ﬁﬁmﬁl‘?ﬁﬁsééﬂg%g Helbv@tRAwW théyr M&B@Wai@%‘gﬁl @%}efgﬂlr}hng the
52. I'n nbodi nents, the unique ballast system of

t b&smgﬂemttha; swréuat. |1>dhsm»ompne$€es swrhersibies dranadt abghbaetsibles are
conpartnents 2, nmain external ballast conpartnents 7,

t PR B HIFast conpartnents 3, and seni-controllable

bal | astrpzengs: sgxfdc%%%lﬁ oABh Pt ﬁt%é@ﬁérulﬁadohﬁ&%nt with its usual meaning
conmpartnent 2 typicafly opens to the outsid

emv ieoartamnferyicatht helumed of wateethmalis Baplaast by mp|$sel4@mmgdsurface
to the main external ballast conpartnents 7 via pea
tPBﬁaE@hnectlons 44 and main bal |l ast val ves 27. The

mei n i Rterhal “stfﬁ!iée%t%gtw Atk LR MHerir cOHst®ht &RAPE kB8 meaning in
bal I ast Tiners 28. In many enbodi nments, the main

AWexmﬁmnah%babmasmg;anmnmhmemnsmﬁxcamapemgwaﬂthﬁmmmsnue

enV|ronnent via the ballagst exhaust ort 21 and t

use of lhgderay Ha{fgkte apgiaban 5 us§dheEent Pﬂgt@ﬁtb“d&] 1{15&?{15 meaning in
‘M?i'ieefm PRERS %h@ﬁ% %@sey $&d a%f%ﬂ%ﬁfté? AT R n MR R volume above the

injeciion to or ejection fromthe ballast system In
nenyeriinbadi imentreasotdbly vasbil of hevindesoanxeh@et forcakypical laige
system and an air system The electrigcal system stores
 SUB AR iy 154 CPER O BTG 1OPien P B ey vy o ksl i waterline

U LIRS TR TR TR 7 0 rons o

emebfency air tank 33, a high-pressure conpressor 34,
and an air grid. The air grid may include

| OW- pr e@@d?r@l apfagaepsehray uraqdﬁ@r% CO&SIF%WV&%MPQ mgaping in the
?é%&( tqaz{hg/ v%%gptﬁan d{ygl%glly Ekgldéﬁ for@url?écg% %g%?MdZs Rt typically

fvery Irogri eck val ves
pnhﬂ&ﬁﬂe}d s sedbhiaes opmdiot hed ivorjesientsnaflinitd tvessels such as
w Il be described in further detail bel ow
speed boats, o1l tankers, yachts. cruise ships. and tugboats.
The term “upper body works™ as used herein refers to deck areas and side areas of
a vessel and encompasses any components that can be attached to deck areas. The term
“upper body works” may also encompass any semi-controllable ballast zones that are
located on or contained within the deck areas and side areas.
The term “variable displacement” of a vessel as used herein refers to the volume

of a vessel that can be safely and reasonably flooded with water without any danger to the

passengers of the vessel.
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The term "anbient core manifold" as used herein refers

to a central hub, kept at anbient pressure that

di stri butes anbi ent-pressure cegpensating air to other
WOrpUAEsRSE ol the vessel. The term anbi ent cot 8CT/US2007/072978
reader’!. as used.herein refers.to a.device that reads .
and{orlp%g@?sngﬂﬁﬁgwﬁhﬁF@ﬁwiﬂﬁé§guF%P&fkgﬂ?@fﬁﬁnsK)ahmlCdl
anii@nt cH8R B hSing a dRasedvehehNEEkRES! tromtthe ell.
pressure of the environment outside the vessel at a

gi ven theerm Ivdseclt ey ypet basyanys th a asfissignérblioenayigation on water
consistent with its usual nmeaning in the art, refers

t 8" th "UpWard force exerted by the water on a vesse

and i sTeOWaN QsidePpRilont Blictir \bpkuiBn0hs Wad®herein refers to
di spl aced by the vessel. The term "carbon di oxi de

sculubber’ aabsubsedsiles.ei n, consistent with its usua

nmean.ng mthe art, refers to a device or substance

used to renove the majority, if not all, of the carbon
divxigeifap a sanple of air. The term"center of

badoyancy™ of a vessel as used herein, consistent with

i ts usUapicaanilngssels cipalasfundeefer sparaionhes eomeguiedand built
center of the buoyant force actin n the vessel . The

L &F Aomalrikr P PTG AT S ARy 4 B HEPEI essel such
CORR LY B2t td tlel st YRt ctTBRYEGndd cBrlﬂﬁa%Emt. TREEE®ry change
to the geonetric center of the vesse | s mass. The

t enust be ambone fitr'possbla séidchen ehacrnedlgrssengerampsidg finggon.

oi subst ance ich can reasonably. be included on an :
Subrar (4 ST BIeRt b Gttt e gl P e PR ed. making
" Tl ok ¥ro @R o b dsailnte. Ak 33 GAIRAT ddFRAbN, of@fe YEEFL s
heré%ﬁn}egers £0 a.%§%%3§§ éonparfnentl%ﬁat 'S CMIPORERIS Are
desiogmeated ints deeicgee] gprovipligrosefiubil, puipepecodtzumaide open design.
pressure and has a direct, controll blg? onnect i

a

to .

n Ty pllggrs @cibiessel Rigivedtte percystamipst e%ﬁp%&tﬁ?r@whe desired
t ' , r i h @k Fecreati
ot RG o el o BT AAP, B AR s, onh Feerationa
cappanilimentis, anddagyalnesesvek bebyal cdapdndest
conpartnents, but excludes the trimball ast ) .
conpar t/Aepany . emdimentyy the pIpscakMventipll ¢RIBRFisse mgnipry assemblies,
re Loer r onably capabl e of hol di ng
‘fJ%ﬁﬁ%?%gg?@%ﬁﬁgﬁgg%gﬁfpggggcunulator "" as used
her ei n Ineh&tysethbodin¢noniiaivastl inohtlehal datrhl fiiatheanck 8 primary
provides fluid tq the hydraulic system but does n%t
r essanyidy Wt epgaasespskelgton gf mpterial with pre-formed hard attachment points.

In certain embodiments, the skeleton may be made of metal, composite material, or a

combination of both. In certain embodiments, the pre-formed hard attachment points are
reinforced holes for bolts. The skeleton may be formed from I-beams or box tubing.
Different vessels may use different skeleton shapes. In an embodiment, the skeleton is in
the shape of a rectangular box with triangular bracing as needed to withstand the stresses
of surface travel and wave action. In certain embodiments, the central framework 8
comprises additional structural supports extending down into the keel.

In many embodiments, the passenger compartment 1 is an attached assembly that
attaches to the central framework 8, to the surface hull 42, or to the upper body works 37.

This provides an advantage over typical small vessels capable of underwater operation,
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the pressure of the hydraulic systemdrops bel ow a

certain threshold, at which point additional fluid is
provided to the hydraullc accugul ator. The term
‘Vﬂyﬁp6§&§9 ic lift" as used herei n, consi st ent PGIUS2007/072978

its .usual ant

f BYBIZRE %Fg?ctsp%yi]]m Hassgﬂgeé ﬁblgp%élé@éﬁi a%}?alnves tP Y & ¢ssel. In many
S b&s%i ﬁ%eﬂnsrcﬁ%ges {hgeth LM wib it abadashe Eé[s%ta@i& comﬁaﬁ‘flment 1.
used herein refers to the main internal | ast

C 0 rrpar Themisargassetibécnaf the voss@ pﬁt’hb pieadritagstention are interchangeable

artnmen i f any e term"neutral oyancy" a :
© RRBEOHB P HereBo e S eﬁ’?’ SRR P Qloa@h%ﬁw@a%?%a*ﬂws fiared- In
affany &I S, (HE HRRLLT itmYNEr e G fRE68 REtions specifically
gravity and the force of buoyancy acting on a vesse
afsriegudlior meannsigudioat oft the wessef tmebithert invgwionnbhe primary
sinks i.n the water he term " passenger cq
285G RBHHEPEIO Fatbpdet oT I PEFIN ENYIT GFNER VRERGTO g pre-se
|§ﬁ§%5%n&gﬁtgunan passengers to occupy during
operatlon ? the vessel. The term
" pur pogenangnhé grimabl adscamblicssthat hey be nsauean thealdsee] tod tHeepresent
nodi fi ed, arran ed, or reconflgured or a arti ulaf
misEnen ¢ s@ﬁfperé%er QR UEEN Yy IE BRRSY PAYY S iﬁﬁ%w Age hull42,
r I
cORARALE LRATARGA Siond 20, SYEMELANG 2 h%*%;‘ﬂ%*ha“gmm ballast 2
C @piooRhéss plimatyhesaullimraitach takidhotter bequan bptighal central framework
extensi ve redesign of the vessel, and al so includes
ﬁ]@t any of the

bé; mgnw@%mélyo@n@pﬁ rheiadyaginecsrpiehe ¥iset18yenkian bf
ta%]e ]Hglr%t a’tslgﬁlélg!qeé] ma@\?}gz!@:ﬁ‘l%gé&tvg\éﬂoltuhsulbgttﬁlgy@ llgt;egﬁ%g&rlﬂ n@ to rebuild

C @iflbthbioRSerdilics Sla thlClesst h169;|[1bj\ﬁd:tndvénabges W&H@;Bﬂaarsdbmdrmc ‘In
heavy rain; and to navigate safely at sea for

prolsn @é@o@érremsa@ledmsw GOBPHFIHA R Ee SpRaiboy ! o allow for
zxe@ﬁr Sp%gésr ‘anqaslgrmce 1 f A?ZS %an %nﬁang@(§ O*ltlt 1\%%'3@{9@)6?‘%1%1&5 §fnc1em

ne or comnp

I Ql@s%‘lac@@éﬁtlt%é Mmﬁ@nsﬁ@ed Jﬁe)tm\émh@mmms conpl etel y
fills with water when the vessel is subnerged, and

wat er  flihe@bspelchomiptiseshy passengshcasgrtaent i, whigh bpsas paspragers and

ass| st nce of ani ca ected a

vados T3 B UiPGT e pl B EE SPuPirygll Folfs 10 a coma
" SHRNRFIRS prmﬁﬁy }é§@rgbll§'eﬁ§h Berle€ b ER&rdl @m%@ tHAUERRMINUS pre-set hard

vessel capabl e ‘of noving forward and angi ng

dnmeﬁ$ommscmnu®ﬁmmaWeﬂ18cmpﬁﬁi@nbﬁhm@mﬁgh@pmﬁ@uﬁrﬂmemﬂm@ﬂ1

h se th sea apabilitie and .ca
iagREentibbins S8 e RS Sictinny ia.an b 4EaRRRL fogy works
Zﬁmtt @senﬁb‘l?@rocr'fpb@th Siee Hxsn%jst Q%cﬁinﬂeﬁt‘é‘ﬁ?@rﬁaﬁeﬁg@ compartment
or vehicle capable of safely taking human
palsis ergesssbilaghmwot then «uhd el ohilt the veatles unda veddred lyrge portion
returning the
of the ves%el s weight typically hangs from the passenger compartment 1. In certain
embodiments, the passenger compartment 1 includes an air conditioner 56.
The upper body works 37 surrounds at least the majority of the lower half of the
passenger compartment 1 in many embodiments. The design of the upper body works 37
is variable and may include components such as recreational decks, payload space,

weapons mounts 53, wells 54, and manipulator arms 55. In many embodiments, the upper
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passengers to the surface. Al submarines are

subnersi bl es, but not all subnersibles are submari nes.

The term "surface di spl acenent%7 as used herein,

WO 18090085%0 mﬁth its usual meaning in the art, PET&B3007/072978

dﬁ?(fyn\ﬁo%ﬁ ? glggseg &V\ﬁ%s? RN cl%a L om?oen%}}]%..lgglﬁg%é l?l){e szi‘ah\{ ﬁti%a% ks 4 and a

a§mua%qubggﬁéaaygpﬂ§kstent with its usual neanlng in
the ait, refers to noving and/ or changing directions

durunghsuaﬁyﬁmﬁaﬂpemasﬁ@w&uﬁmﬂﬁnggﬁmpwwaﬁmwﬂmi0@%@?%@hqyﬂ$wﬂ9ﬂ

used he tent w
Rt &7 B F B A peeedr Ay B AR ey s 31 end
Y& &Jﬁnﬂ&n%nt\é% %ﬂ‘%h@@@é’e@ idsmeala rulnﬁ&ewzﬁ?!r dtldepB.
reasonabl y capabl having. For exanple for a

t ypi caln rhqam;genbuhmantlsnbc; SLsﬁlcé halé 42 péacats orihe Bfver Balf of a central
when enqugh of its volune terl

T L b Sy 142 BHOYS, 8 MBI 80 i o
ag Ség%far%h'ﬁ'@de tgﬁiﬂgﬁ’pvg?e gﬁﬁg ah hOQirPlce Qf fire WHRS, Tl‘?‘er dlHface hull 42

ace vess as used herein, consistent with its
USﬂéﬂ hémsanibegniin 11hthﬁlaahsdil,astra€§eef‘tﬂy Rolremyervigsisebntt thatual sells 17
|callé'|ntended for surface operation and is not
n

t %W@laﬁilf kntldndbd3 8ic Aedwrsmsdtia thopeias Peh42-and
I ncl ud%gF ln%#ﬁ mhe?nzﬂ ;%51145 %}sésn?@ gl(? l(\éﬁﬁ/‘%%llﬁ)ﬂ%%%@@ﬁ% BABLt water

boat s, s an oat s.
Thempatients PlREhalO eiyibydiksts, taSsdJBﬁthshe/ra&r momgfuﬁﬂsqtft are housed
deck areas and side areas of a vessel and enconmpasses

amthirohp sviérehutl Y3 Thegrlesenksd f sanediviestegd éxciiiepade Ofﬂf‘esurface

S 2R RO T AL B SRR B g s

c @%@aﬁﬁ&thﬁ ﬁﬁﬁrlm@alﬂﬁ%@ﬁﬁﬁﬁn@rw TheGRlcahgas.s C-Eh @erve to add
term "vari abl e di spl acenent” of a vessel as used

héneyancy eftbe gessd boHeonibt wwacodf the wetes and whrasulragigginder water.
safely and rea

danger Iymapy, gmggcgglgﬁ o %prémalé’ﬁésel%éleéfm‘ﬁsﬁ e mecﬂgmgal Xqulpment

"vardahle e@c%@aﬁ&%@@tfu&l%rag‘ee ahd offer SR oﬁk@ﬂts‘?ﬂh@t help the vessel
refers to a fuel whi ch 1s capable of having a

C ifmmglpnthJob/ ulr&emt ﬁ@”exbomests usa@d b riegtidadeincidik [vessthel the present
term"v " ere| refers

adeiegih 15 B v RATRER Bh GedlepTarGie Bllfaspgpariment
t ef MasVERSE 1fa€@|%§§l!n§ Rflcadnsier Rt 411, o esat bialferSorUg€dast one

herein refers to submarines and subnersi bl es.
battery, at least one subsurface motor and thruster, at least one air compressor, at least
one air storage tank, and controls for a pilot to operate the vessel. In certain embodiments,
the vessel additionally comprises a hydraulic system for power distribution as well as the
electric system. The majority of the components of the vessel are off-the-shelf stock
marine components or standard submarine parts. Some of the parts, such as the ballast
compartments, are custom-made.

In many embodiments, the components of the vessel are arranged into systems,
which are connected by grids. The grid systems may include the high-pressure air storage
grid, the emergency air grid, the low-pressure primary air grid, the ambient-pressure air
compensation grid, the oxygen grid, the main ballast water grid, the trim ballast water

grid, the electrical grid, the hydraulic grid, and the fuel grid. Each grid system comprises

connectors that allow components and component pods to be added to or removed from
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Vesse | Overview Typical small vessels capabl e of
underwat er operation are preconfgured and built as a
single unit. The passenger conpartnent is usually the
WRi2POIEEE0 of t he vessel such that any alterati BRTHU§2007/072978
t l.: ,
B e
t heke rapirahndoasselager thhoaskchguélusster.on. The vessel of

t he subject invention is designed to be _easily.

r econf g ede! halrpeglergader prabd st %ﬁ%ﬂé&ggﬁs%éy thgqyponents
p r t 0 - = A
D
PyprResencatibn, g ableageapaipactdeshghandihe sirakt evg@neaaipartment 20
vessel produced to be custom zed to be better sujted

f ffet IRBCTERiSTRIRIop e e semPPR@y S spd ipgide. Pahgiyetekcgmponents are
neafr | v ee I : a -
LS RSB0 08, USRS S0 35 SORE TN o e i
C4ARa NI £ 94, I3 and@Ni] 1RO, bEMES mubite fsesedt i nvention
conprises primary assenblies, conponent grids, and i
subner $i BanypeakodinanifehieckibednpRBRAION it #ed jeREct components of
 DELYLES PSS Byl N EFRARK UL TR BB crcc
atptr@siERMter@0iand Seall 10 ?ﬁ%&b&n&ﬁﬁl@@kiﬂﬁﬂﬂ&xt&hﬁ of the components.
skel eton may be nmade of netal, conposite material, or

a le otfist prabadomess. shnRrsiqpage prcaised ereldstiverpenerthef the vessel at
noFRL PRPRGHNT a0 e MERTREY SRR BPeh Rl fihens and resis
| jt@@@ﬁﬁd@ﬁre&@%. abiGent Prdsh @t bl thaeis SehRci®Yo t@mbient-pressure
di fferent skel eton shapes. |In an enbodi nent, the

s leét] conengagion gri¢ Freanstrapwlod! asubaretsgigeilddhatyagy g wssd. A pressure

SR e REEELIRT DSFE b TR AR A LSRR s

ermgd!anea%ﬁ, addN® GRRL 1A préBeNQIr Koréat CRIFN LB&S water through its
addi tional structural supports extending down into the
k @ehstructionmrithoshbbdinensaiion: febmersior pgermaoieped asielachangeable

is ap.attache ssenbly that attaches to.the ceniral.

e % 0 TRET S phBondl %627 A BRI varous
bagibotmhéss. Iany Tdhh 5o IR Ok @8SipAtt Bdianb AU e oay &hitly Rbugabatteries
smal | vessel s capabl e of underwater

openatdtehn seris and canget dhangddfoat fog othr bdieryuss eadeby disconnecting
coppart nment of changes to the \ essel. In many cases
iHH§8#H¥?Eﬁ&%ﬁﬁﬁéﬁgFﬂgFﬁ%“v%%seq wi t hout affecting the
passengamHQERALHARMESs, e Jdis] BF tHEBI e ASHRHRoh €S rcftivER&mall in

vessel of the present invention are interchangeable ‘
arsizec often less thidnf S0eleeinn labgti. gnsertavntobodimyntbghe lspgidrmf the vessel is

S?lg%régépn%sfig%nﬂ a]afilgti}%regn Solélarg%lt\;bggeggtwég @gﬁlg%slgﬁ% Tésg th a}l 98 feet. In
spRe b i@k E¥bodiment, the length of the vessel is less than 10 feet.
In many embodiments, the width of the vessel is less than 20 feet. In a further
embodiment, the width of the vessel is less than 10 feet.
In many embodiments, the height of the vessel is less than 10 feet. In a further
embodiment, the height of the vessel is less than 6 feet.
In many embodiments, the vessel has a dry weight of between about 2,500 pounds

and about 60,000 pounds. In a further embodiment, the vessel has a dry weight of
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fabricated for the construction of the vessel of the

subj ect invention. The primary assenblies nount to

each other, or, if present, toi¢ he central franework 8

WA 2PP0Esp attachnent poi nts. Anong the pri mar JCT/US2007/072978
PRSERt TR 0! Bk 8t PR DR YL ISk bt Sqogpgnt. e
UpREH RO WREKST Fhetth i@ asskithasme Jauhlis 4l atobel SeUfRasds.
engi ne conpartnent 20, the side tanks 15, and the main
internal ballast 2. Each of these primary assenblies

attach ta each other or to an optional centra
fhﬁﬁ@%ﬁ#ﬁggmégﬁﬁ%§y assembly. One of the advantages of

the subjegioet Mﬁﬁgr{rﬁ’éhtd 8 sthadriROYanet flohethpie tﬁﬁ?dét provide a place
assenbl i es nay be repl aced wi thout substantially

afd m:\tvhui‘ﬁgexcmosct(hw W@elt to thebdid dilyrrercsh eassalweemblame@ecﬂve one-
Inthisr ect #, ject invention

S amﬁi\"?% r GHIVHOEI’\élFIEt a é?‘?ﬁg dilwﬁzé Hpger \){/%%1 @18 gglg)fenfa pressure of the

C WM k 1§e%5em§b9élﬁ§‘ﬂorbgusﬁﬁf REeSRE Q‘é QQ@B atihis] the Pas@nks@WoBlirtment can
hi gher speeds. This surface hull 42 can be changed out

vvube hlamtaah&nlvmar tbmtam’cmsme p@ﬁs‘ul fmfehﬂ wdlics |@Ix &t@@m@ﬂgetry@epartmem can
g that is used in B ﬁ H ssel
e ions poge e SR LR TR SR S90S os
passenger.s-absh 1ﬂhllngitn§anﬂln@m@3%¥ur@ B‘? QabWERLS: cohﬁ%“{ments to fill with
passenger conpartnent 1 attaches to a centi al
f manevivekhudl ibimmeings lass adséngeviangarsestiteillof Water erhge are often
rin s that each . bolt to pre-set har ﬁglnts

C &R Yeéj]/ u &1& ‘kls giangelnht sg?rﬂglssegﬁ%ré ﬁ}f[g)sccf ﬁéflehv%ater at depth.
? escz?ﬁ rg?s{ﬁlre% 7%9@1@%@%11@&[&%&%5 frOmtblRg able to go very

sur ace primary assenb or to the upper bod

waledsurples watey. /adsBertally, (S(Z/gemteetls)toﬂwtd@lw Sicthdedthy torthstpassengers

enbodln?nts t he passenger coq?artnent 1 is the nost
biAAPCT BT 19 BR PETSCRYEE CYBRENNhi | e the vessel is

under }ﬁfwi/e@%\leall ﬁg% hi ?(? Q]%lll@ﬁﬁ bihBRnOfredsiR HARSR) coﬁqp‘(’%'segil}%a% within the

t ypi ca om t he passenger conpart nent

~ cektsal dongttadinme Ons way he mpassend gris opmeé pisserger dompartment is to

i ncludes an air conditioner The upper bod rks
3 PARGHT RGAUE aé?“llf‘e‘églebf’ﬁ@“ %&pawn%ﬁrr PRparpeRl Apiepessel goes

Ofdegd(}? uR@s W&e Cyafe? MF.; E}qglto\}\%h HR dé%mﬁ %@Qﬁé 'HPEHrﬁpresses in the

The "desi gn of fhe uppe odyworks 37 i1 s variable and
mayperpoktivtheo ftbepassenges caedntnasit.r ecr eat i onal decks,

| oad
DO B ol Lol a2 G ent trat i

URRS U%I(e 5 t ¢ gtsdegg : F’I ¢ g% coﬁx‘fﬁﬁrtéﬁégﬁ 18 RFQAWANEIMN fhterior, and a

I nc e st S 4 an
sefugeniseédtd aé:tb@nibaltﬂeazshbmn mecssine afehy wetdbodlir nemtdsd to the dry
t he surf [
p g@g@%}%@?&i@% pﬁ@%lgre ic?&a%q?gzgté)ltj ggézlégargg éfia%fé /{ (t:la%ck valve is used to

COPRALIER tth@@es%l%%@eﬁh&omﬁi BUELARE ARE %J‘ﬁﬁbi%}t:laré%g\ge decreases.

Any shape and reasonably gas-tight material can be used since the pressure on the interior
and exterior of the passenger compartment remains nearly equal. Ambient pressure dry
hulls are depth-limited by the amount of air they can carry and their battery power
reserves. They also have the inherent limitation that they must rise slowly when returning
to the surface from being submerged at depth to avoid causing an embolism or the bends

in any of the passengers.
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ot her conponents when the vessel is subnerged under

wat er at depth. In many enbodi nents, the surface hul

42 attaches to the lower half qf a central framework 8
WRGPOPEESReel extension. The surface hull 42 aPCHlS2007/072978

e ey AR RO B SRR OB end et
h%&eﬁ%ltﬂgﬁte&rﬁﬂgﬁ %Oﬁfh% Rérbri At @rp@kurbaldiiait maintained at one
assenb . I'n an enbodi nent, the fuel cells 17 and/or
alamwsahkts @(vm at cmath B’ysuag 1eull$| aswsneiusrevbndrwatqﬁéplmﬁala@@ the time
P ;I)lf) lf@gtﬁugﬂ%b%ﬁﬁ f \%g%: I.IISé%g Blfcs%‘é‘f ﬁtggstarng%bcgl y higher than those
CQER %hg?@&@sOﬁ@ﬁ§§gﬁw%ﬁﬁgﬁhﬁﬁgtS these bal | ast water
conpartnerits are housed wthin the surface hull 42.

The si dé&etanks nisEsntlg'tplnasalﬁayseeg@retndlpamn@mtlh@mclgh@i@e@ﬁe controls

t urface hul |
L ArneB DACOAGE s S IR HAT BAF B EVEBp ARt gessenee
7 B alttﬁﬁzxw Pakl 85iorRAYRBE IR sipics, Tstﬂx%h ai Q@uﬂkﬁpkﬁat&ﬁl I and pure
can serve to add uoyancy to the vessel both on the
sukfaaebondest he wat er and when subnerged under water.
In many enbodi ments, the pri ssenblles house t he

mechan |IB afmBeimssne! 1AF ‘@FB?‘Hé Co PABEREE a?onéﬁ%?%eé‘é 1 runs

f l’fglllsgéﬁltdg gl’on@ﬁgl\gs giecge ? oRamn ﬁta%fx@tto la%rl%stohﬁald points on the
erent Corrponents may be

I It@htu:dédimemoﬂhﬁ dﬂ&BcSﬁirfaoé htih 2. pir @8 éretuppentendy ivorks 37mssembly. or

many enbodi nents, the vessel conprises | east one
b e ertoaral ﬁl@ﬁ% The pasgeqger %@%ﬁﬁ%?@%ﬁ@ iintedpat different

! ﬁ)%sf’r&q F aqlotwuf? IQ ta seil Q6W!ﬂ%§s%109&1€foﬂur§ rRatRed I’&EWLH%Q]%HIffGI’CHt
te one subsurface nobtor and

t Mﬁlﬁ)ﬁﬂﬁpm‘at Tﬁ:@a}s@ aldgies far hd doopi adsstmenatio bedstd canging capacity

air storage tank, and controls for a pilot to operate

t ggryv@s@eq gained hyesrcteataw SniybaraiHt setup: hHl%@?@ges can Ve utilized to
addi t.i,on I f
oObRIPHLr COTE 63, R YLl o UL AR o vt

Mec86rhp ¥shQhis! eh& e R MPass eﬂgcrtcbﬁ]pdﬁﬁlsﬁll radyebe adjusted to move the
of f-t he-shel f stock marine conmponents or standard
s isreet is nentpitigsavitse e sesselnecgpir pEbuayargy agdesirgg to stiffen or loosen
bﬁ“bl ast conpartments, are custom made. | n many

bdfiEnts, the conponents of the vessel are arranged

i Nt o SyRUBHS: eMbtideRc@E ©f RNheed e theMas@hidcomphem@ni t mounts to
systens may i nclude the high-pressure air storage

grangther hsewhbrigentsyicasibagds dn thelutsidowd hepassanrgsr peppggiyent 1. In

al : %%b%cgﬂlteg‘f ﬂgﬁngir}eﬁ‘gtaﬁg e urll%azgr{ At vgne%;abg l%ilﬁhig,r {hgibr%nds are

b %dlﬁ}ﬁklt@’%&@éﬂd@ KiGh ast €2l 6T 1162l m@ﬂhbldaltet Evayaibadiniét, some
grid, and the fuel grid. Each grid system conprises

c oramde tuermsetalrvat officroate compon ernaicnad conponent pods to
be added to or d.front he vesse

connect BNy SHI é)g]tmetn glgé)ﬁS%}B% 681&9?&18?1%3 S R%%Wé hl?e lar(ggst portion

angk thbe¥sel’s fixed displacement. The passenger compartment 1 comprises from about

40% to about 60% of the total volume of submerged fixed displacement of the vessel. In

an embodiment, about 50% of the total volume of submerged fixed displacement is
provided by the passenger compartment 1.

In embodiments of the subject invention, the passenger compartment 1 is located

forward of the surface engine compartment 20. This forward location helps to offset the

surface engine compartment’s buoyancy during a dive for the purpose of maintaining the
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make repairs and upgrades to the vessel nuch easier.

Any vessel that operates under water nust account for

the reality that conponents nay,be damaged by pressure

WP 2009(08888P nt r usi on at depth In many enbodi nenP§T61f52007/072973
t he present i nvention, the passgnger
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vvidtsb&t:an@ht Y tH RS Sdhizer @nthavaicar 1.akn aie@tttlsndmemhﬂﬁsma h@lume of
air tanks (13, 14, 33) and fuel cells 17 or they nu
bevatﬁréts&@t:ebby the swﬁw eea*ﬁemlne'mnsem &0 fie@tg flive isTabout Ss%ofthe
BRI ot A RaP SR ORI 111,

added Q\Qlytabft oﬁﬂﬂ@%@lmbSpats%ngér%@h@aﬁm@ﬁﬁﬁ@db@used with the vessel of
differential of nearly O psi between the interior and

exlhe piesent ofwctrtﬁlencohp@neqm@dlmwto@wefﬁ tbaodivpasiht dn an altemnative

\S;g:ggrgg{t%ﬁqp &tg ﬁlen F%?éj (%r%ﬁ lg%gltgee arhédl I 90?3 aérg’ tlefe eﬁlgodtment a
enpdsastmen i h?efd B@us@at e hao @@cﬁﬁﬂﬁc&e@ﬁdlﬁaﬁﬁétﬁbnb R@nosphere of
out si de pr essure. An anbi ent pressure pod that is

c ongsewt edthinghe hell ahble émttVB?ﬁﬁ’elS sihneerggdrdegp n*peqts\atqroHn ike existing
d, t hat
U §é‘ifsmﬁ\h§1§] é@%ﬁleﬁﬁﬁ? er% dlr‘?blg?{o;? 61%}1%? Q sent, lélvg]il‘[lon 1%( not%he main body

S URRIRNSELNnROylhHodBIRE HGEM, thApREQES Hﬁl‘?ts@%lnp@ﬁ’@tt biSmodule
built air tight and to resist t he pressures of great

d emt s aiitacled tv\/éteeclentrﬁrfmumwouﬂt § o rasprhge pdsombip alkvoung fr p greater

AEBEE B Ry SRR uS N AR TRt B B ecrunmpsiaAE e vessel
0 r storgg FFB‘SS&Q RSN PRRERST Edinphfthl AHSH tBEDQLEHMRR G ve M3R¥propriate
enbodi ments conprise battery bank pods which house

batzcemil ehapeocnfhebtcednmy asekmcee’l t@rgrsoan oberduiran glet! nt)thlts art. In an
for other ttery b

nb, ;i the pressur gnl 1c IgllaS% nne(itl A t trhe pressure
t FERNBEE B g G TaEs<ah. 1o GG BB HERts!

t hﬁtll%?ﬁ%ﬁéd afa &ﬁﬁtd@f @/ﬁﬁ%rvbéﬂ&%ﬁt ion i S relatively
in size, often less than 50 feet in length. In

cert a| rtn entug; diberinsents, hlE presxgteﬂludifpasst‘t:egme@s@artmnt ieskaped as a |
tha In a fur r enbodi ne th engt h. of
a2 suf Heininrbedeq i Joo Bt oI pEeS ATt O REAseter may be
efm%' r%?g{étof af)(ﬂﬁ tlln%Q alebiobotiin® fé’eftsﬁtein dn$bdd@sisntt fia Butl-tge diameter
feet. In many embodi ments, the width of the vessel is
| esfshd pressw2Ouflesshout foua feeurlh betaieeboaiiments, tht lagthiodthie pressure

f @;‘d‘fel%l%slgeﬂliq #gg%g?é:mip%? f%q%g)f ‘3764 Peegallngggalp ﬁg}ﬁoql@ems the
f el@tttgth bpuR &H&hﬁ%ul?%&?ﬂ%g??%mpz{rﬁ%nh% @the PAnge R about 12 feet to

vessel 1s less
about 18 feet. The pressure hull of the vessel is scalable, and as larger or smaller versions

of the vessel are constructed, the pressure hull may be larger or smaller.

The pressure hull passenger compartment may be constructed of steel, aluminum,
titanium, carbon fiber, acrylic, or other strong material known to be capable of resisting
the compressive force of water at depth, or any combination of these materials. In certain
embodiments, the pressure hull comprises viewing windows constructed of transparent
material. In many embodiments, viewing windows are constructed of acrylic. In an
embodiment, one hemispherical end of the pressure hull is acrylic. In a further

embodiment, both hemispherical ends of the pressure hull are acrylic. In an alternative
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In many enbodi nents, the vessel has a dry wei ght of
bet ween about 2,500 pounds and about 60, 000 pounds I n
a further enbodi nent, the vessgé has a dry weig
VWOBNEEEE0 about 2, 500 pounds ard about 30. 000 B@@ﬂ@§007/072973
In yet a further enbodl ment, the vessel has a dry .
weinghdinsht, erwererll abbatcyPndoe! peniivgso (e Pessue hak ipegylic. In
Pass as 9 artments
iAot N R TR el G TR S T
p| ace Qscphd elﬂﬂ%duﬂeﬁ%Qﬁﬁ@ﬁwﬁﬁxdbﬁt}%rpl&s@uﬁemﬁ Bass@idker compartment
fully encl ose passengers in a protective oneatnosphere
dng/dlemi@d narFebtectigts neatykvgetherivithsollrde n yagrelrodimeny. a series of
nt ssure. of .the water, r i
e P RC nBRGES dtio s iR T 55 3B B8 e of metal o
Ccehmiah tﬁ%@ﬁ&u& @)’Jrnbﬁ%cﬁﬁétﬁét%éﬁ%%t@&%& idif€a alig@Ndeai. The bands used
pressure of or the passenger compart nment
c am cheentitie psctssmngmé metsghecr compsitsient thdhpeeagsiiirang psambly are
t he tert at (iie th. A vessel can maintain anbient
pr LB By ca4Twi ng the conpartments to fill with
water . IM‘%mQ&%Bo&H@%Bf t‘ﬁ@ﬁl\/@ﬁ'ﬁf&] @@esﬁgﬁG%ﬂauﬁ?ﬁ@é def Bt Sartment
full of water. These are often not very use si nce
i tus¢ssandategedt suedetflotrughas s brrgensodonpd, tbx piossars hub comhprises a series
wat.er dept ressu
e st Ry b RBbS e it b S BBRE S gipey kpgpms and
desR,iMaARl sHBLR 'bealﬁd dint R&Qﬁlré Mull RHY&Rd ARBdRtal ShdRRrylic sections.
deli'vered directly to the passengers instead of just
to the Ipm@r@dyodmw@aﬂhm%surﬁhuﬁggedengqmompgmnent is rated to a

i nt ai Rres ure b usi ng. co ssed
et of nE TeasC oy Reb ol et SRR Ry o MRt el gpssenzer
t Rbgp Mﬁl%npfs 1@?&15@”29@6 tif SPRAldSRMN0 k.t & BAUhRRmbodiment, the
openlng at or near the bott om of the passenger
c gmanterhelitpasséageriempasselt 1goes] tdeejspth aintlerst 0o &el. [n a further
vva r comes_in throu t he openi ng and the ai

4 P P OE TR BHPOREAGS HACYBAGeth ofat least 1200

C qERait PRAtm AR eﬁfmﬁlﬁf&h eSS UNR 1HAYpaBihberlcBmBart MBS i9fated to a
passenger conpartmnent that nmai ntai ns anbient pressure
atdegeypdfhut Ichkel Ypadsenger conpartnent is sealed with a

drylnterlor and a gau IS used to determ ne the
arrbl entINgPaRs GRE O‘Bfne{“ﬁeg‘&éiaéf'engﬂi FonBarpeitd FUnRTIRES drfptch for

erl g&@ b ARk kdf:eEeCEé' \@/(Zrﬁg{u%n%ﬂuahz e hiat eri a“&ehave a locking

r water. e Is used to rel ease air
aSmédhenMﬂls sahy astendbattiowad datchdodung ascehaimth thg be used. In an
anbi ent pressure decreases., Any shape and reasonably

gﬁ’énltqdéﬁ?mnﬁlﬁélﬂcglls bdraubeallisepstarhice the pressure on
the inter
&ehith ffmgltseﬁl%rl Ar%ltlentthgﬁess £ I yﬁﬁ%ﬁﬁ?&%@@és ametal

remai ns near y eq ual
defpdrhe Id metlﬁérlbxywhlhb ol g rrmimalhk 1hthmﬁ1 caupotaits Wi drechassenger

their battery 1}3
compartment 1. T frame includes mounting points and conduits for pilot controls and
instrumentation, pilot and passenger seats, and other interior components. In an
embodiment, the pilot seating and control panel is located in the front of the passenger
compartment 1.
In an embodiment, the passenger compartment 1 comprises luxury automobile-
style interior. In certain embodiments, the inside of the passenger compartment 1 also

comprises a marine sanitation device for toilet use. The passenger compartment 1 may

also comprise oxygen tanks and carbon dioxide scrubber material.
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reserves. They al so have the inherent Iimtation that

they nmust rise slowl ywhen returning to the surface

from bei ng subnmerged at depth #® avoid causi ng an

RBH1908%888r t he bends in any of the passengersPAI/US2007/072978
pressur. bull is buj

proper g“%pﬂsscn ser col%}pﬁihineg é&nnﬁﬂ%o%ﬁ@&fe&lﬁ o‘filﬁ% vggseﬁ hrough hull
C PERA@6SHsN th ceftiid dniicRiitheits, @Iﬁe laulpeeasitivbas :lil‘dlld)cateﬁ in the lower third
mai nt ai ned at one atnnsphere even at depth. Pressure

haf Itke aresenygay a¢qnypq§t\}n|1qnﬁ dt-i ngan@qrd S%‘h@rlfm% ahroygh-huf econnectors,
F@”ﬁgﬁ%l@/ﬁﬂlnﬁvﬁgg t B alaentgse ecftr ca?sh? nﬁ Qir connectors. The
p t ypi carl %lgher 'HOS 6 usi ng

ohbh&Endey E&ﬁp&fm@ﬁslsﬁ:ﬁgﬁés @@E@l@i tyoet $101ﬁr e gudhijiedtsystem of the

I nvention has a passenger conpartment 1 which houses

't hessclomartbd sletioical trewmpeibot  Ahd ppwowict esmppaipentf beonnects to the

passen rs.to OCC duri assen

C BhBACRBAL 1 YRRy DL Ry SOLE e M SN e B drerd o
A RENERREST JIBkE&: }eﬁl ai@Nehi PRIl & OKY PREs POkt d reSf th@ compartmcm and
enbodi nents of the invention, the passenger

coapalsd sent ad ar singnitonrgife e fopreal dmgnehdotlopensfthe hessenger
vessel and is attached to a series of h%rd poi nts on

t KeMPEHPFHI! OPRRENGr KO8 PISFH R HY fA&hul | 42, or on

the up @r?gerxE@gr}{bam%ﬁs 3F 1RSHEHLY, th@ﬁas@éhg@r @&H&i}'ﬂ@éﬂt PRk climate
of them e passenger conpart nent may be nounted at
dicbites]edtviqai ait sortddtialihosysicn inchbmtarmi.sed, | ower ed,

rem rr‘:/) gg i &g;ﬁ\lr\g[ndew%dnggégqg% ];):) %%é%{:xgcrolngdg In%%lil{]%mpnses a dormant relief

a%ﬂ%ﬁﬁ% P 013 tB @(&L%Ql&%’i ¥ blﬂgﬁff apagl it REMERd iHeRBEmant relief

ai ned by SI tank or surface setup. These
changeslocasd 1|ﬂ®hdﬂdttlorr21ﬁﬂ11b1®oﬁhepassiﬂlgmbmpanmleEISImear the pilot’s seat

stahility to the vessel both surfaced and sub ed in
m/a\pépperrsdo Hedswploashrongiis thetppenhory horlest3 7 @ggéfﬁéj@refvalve

Eﬁ%}'}gl f)]/tbe \?Q’?mﬁe %?%y&geqqs {é}%‘rﬂﬁ%eonttﬂgsﬁffa%\% SF (1R water and will

e Vess enter of buoyancy

aﬁ%ﬂeﬁlyf E&dcl@@d&iﬁlhhfg anlied. Thossne g bvepseld. duringrmdiye for certain
di mnents of the vessel, the passenger conpartnent 1
OURTEEIESS aduhes cersde mpyal\qiursiages 45 thefpassnger epmpartment 1

;E@Sgﬁlﬁl‘%%’:%%g aOfbletnbinegg‘?r% FUHET caiﬁ %?5&1%9{ tife vd10e Bkhaust is located

are ne an dlternative

e IRMottomhe tRepdscratLcaip@nt B wiirethe 8lirfsisdfullald area. The
carbon fiber. In a further alternati ve enbodi nent,

satrembainglsfaplke méfbfé’le ua@fbro oeliver ananastia yapBEt ereated within the sealed
mat er i al

cotperersarrt Rot SRER FEY bRy b RERATTRE oyt vatvemay
vegsrker$e fak X drath FHi @@xﬁi&ﬁﬁtwnﬂﬂﬁerp a5 engebuitd npaint tie passenger

1 conprises from about

compartment 1 from an air conditioning system or other source. It additionally allows for
a hatch to be closed without a complete seal being made while the vessel is operating on
the surface of the water. Finally, the dormant relief valve may also allow for air from an
air grid, such as the low-pressure primary air grid, if present, or the high-pressure air
storage grid, to be introduced into the passenger compartment 1 during a dive for certain
ambient pressure operations.

The passenger compartment’s ability to pressurize from the low-pressure primary

air grid or high-pressure air storage grid in certain embodiments, combined with the

dormant relief valve, allows several different life support modes and ambient pressure
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40% to about 60% of the total vol une of subnerged

fixed di splacenent of the vessel. In an enbodi nent,

about 50% of the total vol une J subnerged fi xed
VOSHAOE#Nt i s provided by thg passenger conpBFTiHspR07/072978
1. In enbodinments of the subject invention, the

pa;gs@mgxe of tonpasd ménsent-ciased @Icme@dmfcgrt\ha%dﬂ@i systegn may be used

ne conpa s forward
e SaE] LS ST ATl SR A el et o
b%%ﬁ@ﬂ%{l dyEindin F Yahef ANl RO YRAOIBWAT fofMBaftt &l ddésBJambient
thetrimstability of the vessel The vol une of water
dpsplusiceidorbyant diew sher ealcedengione wet i Neng alzwyedhﬁr h(ﬂ@ht of the
a dive.is. sgggjflcant relative to the. to

f P?&@Ham%ﬁﬁ e SO AL S A S (RS e used
Y{E) OLkis R sulf3fing 8@l hMRhiTerinl i Wadddkp i dh Pl RERRg B diver in
rface engi ne conpartnent 20 during a dive is
aﬁmmtresiﬁ%huﬂ phsengeotahparohanendih <Iﬁ1|g)ﬂ&0\/€d$€$r®| aaeppreptiatofiepth in
the passenger conpartment 1. An riate f

rm of
pSatger TS HBRE! CHEY THECRISHC O R F ) agBigi ragssure. The
t bgs ertﬁé?mrfdcgy &S 'tl%enb@ ofatnmg %&@bﬁ@t@tﬁ)r Fo¥e Hemllﬂre§s§m
ed. In an alternative emb an ambi ent
p r essu imardembd%hientl Qaeqlﬁﬂdngdr nomp fnimeitdris dbdigred doringesimilar to a
enbodi nment pressure hull is used, such t the .
hdINing BTk gHs pATRAnger GOBTPREMARLEDHTERE: HoLph Q\ﬁéovas?r portion of the
p%@ﬁﬁﬁﬁ o thin the hull while the vessel is subnerged
deep under water. Unlike existing pressure hul
subnar imeany théodineas vt thehulchtiof, thhigalpresdatst vavebiaonlocated
is not the main body of the vessel in n% y
emj@m %mrgswr%@flea@ﬁse&gﬁec\ﬁm@é%% HIS A sfo Hispttatiiexhaust
od fale; r
B B B e L R u purgin
o&némﬂmmblllty in changlng |ts Iocatlon relative to
ot her conponents of the vessel. The pressure hul
passendemasy sjshetimsts. olf clegiicy) sirg Bils pldyeihaveerags,and other system
apglrnggrqeln?tl t%a? é %?d M”E’FH‘?PO the %1}3]1?{’1 f‘fl? &?@ﬁé@rt‘s greli@&m Jdubside the

ns o di-nar

erhadhgm @bmpbﬂ"'ﬁeﬂrlﬁﬁr%bﬂ 53 ﬁubﬂed tsb&pheitkidathe phddedder compartment
alternative enbodi nent, the pressure hull is shaped as
aleylinder with curved ends. In many enbodlnents t he
ressure hul ass er .gonmpar t t
(F:)yl i nd é‘? waxinh (ﬁ é)ra?sglégr %oxaggrﬂpenﬁ gﬂg%%m%ps that can be

n cer

enpadiRldnp bhtear@l—{ia‘-‘térdﬁ tiH RFFaein eﬁﬂa&(/hb@ oh ﬂietshﬁ“adeaﬂlgﬁ water i$
of about three feet to about 10 feet. In an

erpbowedent by pheniegie galdeth@t am@u @ﬂllbﬁlos%tomr@tg@tuh%biﬂﬁﬂ gircuit and

i's about four feet ,gb nt E engt h

oo B s BRI Ry butoh e TP anga are A5 "o

feet tqnaRetboditnenStthe frBschlint aithhre ARQFIEMDE SddddR@the outside of

| ength of the pressure hull passenger conpartment is

i riht¢ Ipesseagry ecoofpagthsut tolprofeetenhanced protection against bullets or other
weapons. The pressure hull passenger compartment is already resistant to small arms fire
in most embodiments due to its heavy construction and shape.

Many of the embodiments of the passenger compartment 1 described herein

provide safety advantages over existing boats and submarines. The well-built pressure
hull passenger compartment provides greater protection to passengers from wave action

while the vessel is on the surface. The passenger compartment 1 can be fully sealed and

can make use of the existing life support systems while surfaced, making it safer in bad
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about 18 feet. The pressure hull of the vessel is
scal able, and as |arger or snaller versions of the
vessel are constructed, the prggsure hull may be
Va0 smal | er. The pressure hul | passengerPCT/USZ‘“”/‘”2978
be constrqﬁted of
C

C PR e BHPbaP ey 1Y s o ) SUF GG event that the

MRL&ET @hiK rI@WQtJ getp?n ﬁ)at@l@l%lwﬁcﬁ’éel rc@ﬁb&hhtﬂﬁ 1tdiRing a dive due to the
conpr essive force of water at ept or any

c patiah &tiluon 0bh tbﬂmeglehmitrenetaat@n hrsulfefaniair bubble can exist in the
enbodi nents, the Fssure hul | rlses V

ew :
RS ORI BB bt e S pecause the
. Vv n t
agpl(? fa%ﬂ% ‘?nag/ ﬂ)ee%g%fivr\r%]nﬁ%m%r@ ecgfrf'n@;bg ﬁg%‘ﬁ)‘élgs@ng% cox?partment 1.
t hﬁeidﬁllicﬁﬁﬂyl,rtbe fugddngérsoagraythicat 1 typicallf hasthheonteatreidh tre mtajer while

bot h hen1spher|cal ends of the pressure hull are
adhsyaseel iy op e salacerueh DERrodr YRRt Y ApR{PE dis [oqvpvegction while

t al section of the pressure hull is
1
a2§@§¥%¥ﬂ?ﬁ&gnother enbodi nent, the entire pressure

hull is constructed of acrylic. In sonme enbodi nents of
the invention, the pressure hull passenger conpartnent
i Sugage HBB i nto subsections mated together with

col | ar Sy (ﬂ &%lﬁ\@ ?Jﬁg%le oiiuﬁ‘cﬁ:% g era@igﬁ}’lhv Very gqeager or non-

cyli'nder’s are | ol ne ether wt C|rcular S
| -cheedi® nadgeioghbiliitadn e sedideofitheinaet. Thiey tisu@Hy reﬂlgon mother ships
gaskets at the joints providing a gas-tight seal. The
baﬁd@rgﬁ ol ctigy HISATOGE dpvsestisr seduresatuiet b prake agaf a pressure hull
SRRl 4 Qerl NEeif QI Rhvol ATRASSEURLY0AY S hRERLAF0p deck
e co onme enbodi nent's vent1 on,

t hﬁomc&es Sbiéve el dterp Sﬁﬁmwlgeanmﬁ msamﬁllyunse&:xmtent because of both
i nternal skeletal structure. an_enbodi ment

t he
prtb@; degpedrptijapd &@ﬁgﬁki @feglffécxglyrgogger ofheidsen gt Whlle surfaced reduces
%ﬁ ove‘ﬂ]e | 493 n%g %tei%fa h‘ﬁgg 81 l ot 0P Htaag e\ghl{gﬁtcglhqeoofhe vessel to
‘bedns - an nal
Th@sdoé’;}%é@ b erebutrds 1hige @ﬁitﬁtﬁ&;d)ﬂ@néﬂgy meinake ﬁl’fdrv&ﬁ‘ﬁyrlhd:vessel of the
sections. In many enbodi nents, the pressure hu
pass@ngemvea@mssr fheelist vessehpBdelptévely Hapl ﬁlléfth‘Pe fdhsgapable of
50 feet. In ¢ o) pressure hul
§]§§Wéaé?r 5 8“ rfgrﬁ)f% rr‘I&SS Fﬂ?@%ﬂ% %ahm‘?d epth of at |east

2 00 f eethe duBjedt ihtintibe IncBHRe kiRt hull WEwRICE S8 centhathlith the water
passenger conpartment is rated to a dept h of at | east

600hifletdie vessal ia Of)@mm@@l} dresodieeenthe wﬁ@%@s@up@vmﬁ p significant
pass ng 8% dlSPlﬁ npar t flﬁ IPP Ijilé%’ sué%ﬁ@ esu t1 denth g ﬁhallow dr aﬁ%‘g} the vessel

ressur

h ullllie §9‘%§%flngﬁﬂﬁ@é b&RNIn th Jf @ﬁlﬁﬂuﬁ&t@tlﬁ%@ﬁfﬁbe@fullaﬁ is mounted
| east 00 feet. In many enbodi nents, t he passenger

cdwpheﬂwﬁwnhaﬁC&anmﬁsb&waeWaﬂ@& ﬁbﬁmb@3@§ﬂgbﬁ@n$oﬂﬁfmﬂﬁwehuﬂ

enter an
haSRmnegetp gg%ﬁ:gftéo tlg%as%ce)n e? rcgnrggg ment poat%e upper %ogy & 9rks 37 or both.

In embodiments of the invention, the surface hull 42 comprises the main internal
ballast assembly 2 and may also house vessel components such as air tanks (13, 14, 33) or
fuel cells 17. In certain embodiments, the surface hull 42 houses additional payload or
cargo. The surface hull 42 surrounds the surface engine compartment assembly 20 in

many embodiments.
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mechani sm Any suitable hatch and hatch-I ocki ng
mechani sm may be used. In an enbodi nent, the hatch is
hydraulically operated. In enbgginents of the

WA t he passenger conpartment 1 conprisB§T/z¥SZ‘“’7/072978
metal franme in the interior mhl@h s used to

i nter nHlCCEBWﬁ&?Hé’Ht"ée%% thenaripredy ﬁé@@%’?&ﬁﬁéﬁff%@ﬁ%ﬂ gates 18 that
TB% bd %E‘ﬁe(ll ngi o% fd'n?llrg](ﬁlk SRR 1{‘51%&1@@@'}/({9@3&“! foShd REsened if the

Tot contro I nstrunent ati on
p@ﬂ&@n@emmseats and ot her interior conponents. In an
enbodi nent, the ot seating and control panel is
Iocateah¢ﬁmﬁﬁér?r%ﬁﬁw%ﬂ“Whéza§§§eﬁ§@F SIgAISAR I ngRPUYS of water

! Hrrgﬁcé?ﬁ'é%ﬁ’ gv’hﬁ% M Veg&‘?lsgg%fé%ﬂgg{ e STAPRLEMERL p?'owdcs 1ft and allows

I'ses luxury autono estyle interior. I'n cer
erodissné Savé hevchnsiatlewafraft hiée paspraparrfacompar tArcﬁémlbnzi] ly, tl
al so conPrlses a marine sanitation device for toil et
usefacrhall g ssdndest s ppdeenmsneainstiag siakiag ot Bipeisske having some
OXMQEC'%erﬁs%cK&n%Pd?t f’# ?%} ddo% eolfm %§ SHH%’%rveE% ferial.The
assenger Her systenms of

t he Ve&Sﬁbﬂ}t mmﬂeﬁw Ithe ﬁ@fz\ﬁé Rat4oMstectsRofPohdigwithin the vessel
enbodi nents, the hull penetrations are |ocated in the

| éwer mpsiirgasonble hetchwsachgers vsnphe t’%é‘ﬂtls qn thgpwiiggrthe water.
i %éﬁ%{opglepg&gag %ar?ou rlnla }g% %r%i&%: 1§ :ihe er i d;:n%z %rp cewgm efhbodiments.
conNNecher existing sPASHOER U CRRTRAhAVERY uskd e GRI MMBce hull 42 of the
el ectrical power fromthe electrical systemof the
V@S@ent lmeatlome%ﬂf@emtmuaéoman eldew méangﬁﬁ@l ‘p‘é@é@l bwg@@e buoyancy,
a{mﬁén s GRab ]eCts% %?%(9 e 1% crforrpance, stabjlity, and fuel
v SBBEP M Rhing SRIEE e AL b D Rl ey
anf@idncdr ey fPhrdpfihfcQi&td OPnRferRl-aasHhd 4R takdnstrldlige surface -
allows for pressurization of the conpartnment and can
aMsBls@m¢@gaﬁnamuatﬁé@EEWSV@dbmﬁﬁﬂﬁmpwﬁﬂvﬂsource
an enb ﬂ “‘ﬁ%? gn Enent Con‘ﬁﬁﬂ +t hull.
a | ow YB%’% PSSP i \j e@‘f‘} RSB e ?CS“‘e‘ hu
of Addit€onaly, %@éﬂﬁﬂrfaée‘%@:s&@sﬁé@ﬁ‘ g2 oF @[H%ﬁfc%tﬂ@ﬂthuﬂl A 8isplacement hull
climate contrdélled via an air conditioning systen1|n
t lWesplactewitor as tha vewseltnad es d b adiement Bullsaguipsasiskbigdy low power-

conpartnment 1.co or mant lief I t hat
petilR U e T pAY Tt S A

embodi MRRLrtaik BRLIGHIBRL 2 Hihh&ineahyeid Lﬁe(li cat edrdcn hﬁlh@Z Any
bottom portion of the passenger conpartment 1 near

pidkotihg dsphcemad lopemsy be usdie freetafl gobodimrets ioh tltehlevemlon a

bod ks, 37, The d t lief | wi | |
L EPlasPRg B b ah Agipng Vsl Tys s a Tt opd . and o
S %ﬂcr @%ﬁalf?)fw dhe 14’\@516@ r E%l&‘ dr ldlSE)MlEélﬁéllltthl 1981aCh @R Aised include the

duri hg a dive. The valve nay be opened during a dive
f otandexdtshipastyle mono-hull, a catamaran form hull, and a tr1mdran form hull. In an

embodiment, a Small Waterplane Area Twin-Hull (SWATH) displacement hull is used.
Embodiments using a displacement hull as the surface hull 42 may have smaller
surface engines 31 and a smaller surface engine compartment 20 due to a lower
horsepower requirement.
Displacement hull vessels are limited in their forward speed by drag and the
length of the vessel. A ship of a given length cannot go faster than its hull speed because

of the wave action that it creates as it moves forward, and the wave action is determined
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energencies or during certain normal circunstances if

t he passenger conpartnent 1 operates as an anbi ent

pressure hull. In an enbodi nenty7 the val ve exhaust is
We2a4888§e| ow t he bottom of the passenger conpBETHSAR07/072978

\]/'Q\PI/M\}iteeqlﬁjg%}ltl hgthg ge;sfae C/g d]rsgla.c l;l}lgntglrl]lﬁ vesse a?te?\%{ngg&texcgéd'1§§1ull speed
cmeg%qglmﬁgphgoahewsealed passenger compart nent,
ensuring easy opening of a hatch. The dormant reli ef
val ve ﬁayrdat wcsle‘rwmsd blgdiﬁfaﬁhnn hehull enrgerrsbarifeisenapgbe used.
d u enger conmpartnment 1

P 1 e CH R SR O p SO0 beTE R prphs! SO specd
aq{ydtrd(%ﬂﬁllnkcyhf@édn@é@rofrpﬂhe frlighGhQciel 16 iasednwhd homitwin water
coripl et'e seal being nmade while the vessel is operatin
orotltnes sganfsathe fioht daflilee vy es it rrmvnafdny ardt Wethd@ffmtt thrust % ‘om the
relief valve ma
G LSS M DI i eTie BTy VR P e Rl pmount of
orhlyﬁl%%yﬂélﬂlta 19 6 3R [x}? oftdp SIRIAREELEF vilve 4n@ phe. Plamng is similar to

roduced into the passenger conpartnent 1 during a
dispfigraccessttiad yurfaediilena Stpne%lﬂpm@éé(v pitshongsthronigh the surface, as

P SWipt EsBlEET BRI boame By B SR BRED bR e TESA% speed.
Stb‘éEﬁﬁ@ i ‘J/éélsél i &el%hgérmrﬁlf{@pﬁiy RGP spcC@ MR alvd hfinitdiged since

dormant relief valve, all ows several different life

‘,summemﬁﬂmudesﬂandmdmbteﬁmepwessanewwéweﬁn%msﬂ@ﬁnﬁﬁehuﬂ

vessel . A se cl osed circuit breathi
may be Rlawpe ]eﬁwa”toﬁ’ev‘??é@% cha qgev§d5?%lr%(éa&er Sg?e(%%%fﬁglf)wermg the
pr %&%L%ﬁﬁcu%ﬁd RALMORPRAEE. In the event of a

roug ul'l " penetration or other hull failure that

. aI | ows Hhananyatdpdinrgrsesslansgthiubng used estBesirfaae hoih42. ahny existing

SLou D | Sak and prsten veter {1om oL 19, SBLE, Uining

- capRRk LRty AR hdd Bl NirveibEwY RSl at TR¥K0REs USRD THhR planing
e i

deconpress ers s ering fromthe bends. This is

‘acadimplpisdsadidypoplecaci-wgighheatidity echidve ptanegphres gluhedrhdyrlamic lift.

passenger conpartnment an e vessel

Kk : .
apprspry 5&“@0@@}9{’% ihs ‘teﬁﬁq\/\ét%élz’an%?/\ﬁg?‘emfvﬁg i}ﬁ@%??&gfaﬂon at high
Ths’é@@c{st W%ptotvﬁtsﬁ Bﬂ@s g&%ﬁppﬁ?gerha% @H@dcﬁ'ﬂgn‘(@ rt?c? 2%’5%@} is capable of

vesse en surfaces over the period
aphpingteeclodunreopefacd apenpioassi anleast ﬁOamles per hour In other
enbodi nent, the passenger conmpartnment 1 js deslg
f ovmbrBmEntE the vessg) is cenabiong HBIVINEmREcds JuBRR gface operation of at

COoRaLb AR &%HF I R e Eg«lﬁ Jf%ﬂt 'ﬂ{éeveksgy‘@ Ea BleldrABKiBFing speeds

t he ‘conpar I'n many e I ments of I nventi on,
tfmmdﬁgduaS&a@xh&msbfwabmesOZﬁkaQErh@ﬂated mnthln t he
pressure hull passenger conpartnent. This allows for
the bal Tigalesiialetpay s/ d8ABE 4G Osea%?fb%eaﬁeﬁﬁérﬁa%ﬁwe tfo heavy,

t ht%oel\c{legré,t sit RtV AUl GuftBl bHES sQERYE S hEv P IERE power to

achieve any significant amount of hydrodynamic lift while on the surface of the water.
The present invention is the first vessel incorporating a pressure hull for underwater

operation that is also capable of using a planing hull.

Ballast System
The vessel of the subject invention has a ballast system that allows it to operate

both when submerged and when on the surface of the water. The ballast system
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the ballast. In many enbodi nents, all electrica

ciixuits of high anperage and ot her system conponents

that could be harnful to the sgfety of the passengers
VPa009808R88d out si de t he passenger conpartnment PCHUSEYR072978

be isolated to bei ng out |de asseng t
AR CR R R SR N
I ngludes hid tri)cH nbDBtd R e \ kllik 26 thd QriRHOPY tf’?é‘&/atex

any water in onpartment while on the surface.
water is punped out by opening a valve that is

normally closed to protect the bilge circuit and
p&ggéﬁééﬁléﬁﬁ%%rtnent 1 frompressure or water ingress
during ' t . ,
R

pasiapageints onpaltdstranks, timt pr @vd denenhaoaelli@rsod eddw m vessel to
agai nst bullets or other weapons. The pressure hul

pé@%ﬁ gad “é%f*h?aﬁtth%w@er gnegfor Séléwr&ee%nds&oaaﬁ&alq A ﬁﬁwal buoyancy
r dlcr gurkarae most. ﬁm%ll @r&éﬁerﬂ%%ﬁtﬁs%iac‘t ]Q?ﬁ“&ﬁg bl*l pr@ferdbly

COI’]S ruct1on an odi ments o

Passangef htompar t8@nthe Indiesas o heevdiesieiMe pudghide18 are ports that
saf ety advant ages over existing boats and subnmarines
Then gian|to @H@Wtwemrég soice oheit thpassenged eiyppar Gletrater-tight to

PLOY Ithdees&% ir[] o:nﬁ byafll: tg)?t ‘{)V%ﬂn h&pﬁ%?&%ﬂ\fgcﬁg ﬁufl T%Qg YWY Em the effect

action € Vess

Pa$ 8RNGEST LIOIFBR0EITEMe V@ss@ﬁﬁa}bﬁ)tlfodhll}ymsﬁak eguapd9eapump system

make use of the existing |life support systens while

s e fczeledfc thakpwgfivates éhféldgh the bldb%éf&t%e SuclTpiggies 4nidfpgmp systems
rovid nal, safety in the

SRR R R R B R R A P ah 22 Y e

p assengemapPRBAOHTRR s 4f tdrhngtian HaVie hdl@atco18 @nects through a
partial failure of a through-hull penetration, a

s L;vﬁxfnpdo entmai: intbubbadlagian Téwinstn internddaless Senefem located entirely
rvival f t he . passengﬁrs

- aslipr e prigresedi2 8! I e et T Re SHag D Y g ments

t he b OWBbi ?Jynf U Ohah iR cRAPSERY Qrco&?ﬁ'é)&rﬁ)m%la& compartments: two
Addltlona he passenger conpartnent 1 t |cal*

haSvnmjcmﬂtwctuNWWﬁmﬁﬁ@stﬂBnamﬁWhmdﬁh@nve$sekhm@moﬁhebdhht

the surface which hel ps to prevent s

WP BPARPE R A TePaa e R mairgigignal m%@ﬁr%gf‘&f‘@% cral walls and

Tys@él&?lmtﬁ e dst YIRS lsS ThRRAME 1R Y8 PRIMEL §éasoh§’g§ft atdl Y rnay be
have very neager or non existent navigation abilities

omideef s tdnrbble @lafic rhernhtich miveyiteosilibdllagt croeﬂlgartmtnt is connected

mot her ships or barges to carry themto. a dive si
St e LB RICaN SO olke CTRCRP A %5?‘ gy ey i ey B introduced

into the compartment. In an embodiment, each main internal ballast compartment s
sealed only on the top and sides and is open on the bottom to a free-flooding semi-
controllable ballast zone in the lower part of the intericr of the surface hull 42, which fills
via common hull gates 18. In an alternative embodiment, each main internal ballast
compartment is completely sealed on the boitorn and filled via its own hull gate 18 or
plurality of hull gates 18. A pump 19 may optionally be used to accelerate the filling of
the ballast compartments with water.

In an embodiment of the invention, the main internal ballast compartments
provide space for the location of modular system components, which may be added or

removed depending on the desired configuration of the vessel. The compartments may be
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typically have a very deep draft when surfaced.

Usual ly, only a hatch and top deck protrudes above the
water. Surface navigation is esidentially non-existent
WeeHHEsssP both the deep draft and the | ack of PCT/US2007/072978
SH&{étﬁ'te%rHy Q@Vﬁ%ﬁt co-mgctgx%qg aﬁf)@/fctonmlnlof? O?H{e @ ?gnents to the high-
reduces vi'sibility above the water and create uge
apoustre ofir eoage, mmdmh&m&U$BﬁHW%enyes&@kn@omlOQEMSQOd%um‘Mr
and requi.res | arge amunts to nove

f 6?%8?‘6“‘“%@1@\985% Bydrlicy ﬁ’éd/B? @@Qﬁlﬂ% ) éﬁFWBﬂdl nsenf fifae air storage
f'tJn%%)(l"f%? eﬂfﬂ)}gxfe 15 &1t MEL Mleanmulmt %ﬁa 19t ngéﬂ#dué(nts. Additional
capa e o0 er wat er op erati on a ust s ace

Nawidgairicomponidne is ﬂb]hecémﬂ)cmmﬂ&hls Qi inty QHMldﬁSrya)aﬁlUpcf(BQ@e cells 17,
hull 42 which is in contact with the water while the

 ves Y other copweagnt Hyt etld herissiur %éﬂpenhaée%wﬂ%l@@edn& ppubmersion

gﬁ ?roq"th;ﬂf? nﬁer%h@y”lwft: flﬂgﬁt a%’&%é‘stsh s%g | acement while

he surface, resu n‘as raft for the
vessel thinkayamby@iheals of Mieslhvmloﬁwzfcﬁ@@nb@l@dmal Ibal1 A8 BYmpartment
enbodi nents, the surface hull 42 is nounted to the
| SARICCHEP R COfrCROBERE FEIn W@méb\hﬁl%stgomprqrtm@:mtt7ﬁ@iough a pea trap 44.
sur ace hu conne dir

?S?’aglg ggiga 45 SOmpHses c%?netcgv? hY éf)eutg}gtz F’Xlt) 1e m mkmteénfaq ballast
0 rcoi@@bhmehm q&b@& affR L pwalkd theudhnMenkin®ailash hzﬁchM faA€ Bownward
hul | 42 conpri ses the main internal ball ast assenbly 2

~anetorrhg beflae ohiba g@nwstsl@al dlplorvemasmsuich B peirtrapaididsrees the

rtai n _enbod

e sl rersS on el lfme] POREIC- B BRAOR T bretety

C e tkhRats Ui fiaGRr i d infhla ST QUAS Hall8st ssthp@GBent 7.
engi ne conpartnent assenbly 20 in many enbodi ments.|n

cert ai ngeitonlmbedigentshéths imfeagen. i haid2xgoséles Bielsomprises two

i ot Se s bt Coubp et ey RBF R Rl he Bided into
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| gssenadnd gft &;}ﬁpa‘?inlléﬁt BIR A5 Ik 88nal FABUDS gﬁfneﬁ‘ts 7 are completely
surface hull 42 helps create significant anounts of

© watded digfilsaicenEind mwhick erididaliass sehpdrsnas T dve psaferhblyanherently

of the ter. This provides L¢It and all ows the vesse

t Ve apd gps-UEhd) P dhcrmany b iRl Wit pbﬁ%lpﬂ@ﬁfrlp%?@em for a gas-
bQ%}’m ng%qi r#de?tgi%l ejn%odfnhf%tss lt‘x{ef ﬁ&e Hl%g 15 xfi%[' esat{a@l?edftF 15 vessel with

ense agal nst the S|n I ng e Vess
haxnilnpolap thercbl dacildhiarg intetdhangdapilltar Thexitehmaeriaf c@npartment size,
doubl e-hul | ed surface vessel In many enbodi nents, the

suindgxactHoation of H’Fét‘@éﬁ@“cléﬁﬁéhé%’éiewnf‘mgr?ﬂtth%cq}f%éﬂmn of the
fromyost reasonabl e waterborae threats when the

vessel is on the surface of the water. Additiona

pay| oadEh 164h ge@iballest 0o edmict 7tdoansw tb as extaukdvafh 26 which
in certain enbodiments. Any existing surface boat hull
dexittgriherigpkpraysie @n gshawsepar 2labet Hloms the tagks gheent off air as the

system fills with water. In certain embodiments, an exhaust fan may be included inside
the exhaust port 21 to accelerate the purging of air from the system. Each main external
ballast compartment 7 further connects via a gas-tight connection to the air grids through
which pressure compensating air may be introduced into the compartment or exhausted,
or through which pressurized air may be added to purge the tanks. A bilge pump or
plurality of pumps may optionally be included at the bottom of the main external ballast

compartments 7 to remove additional water as needed.
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present invention. Different hull forns can all ow

changes in overall surface buoyancy, underwater

lifting capability, surface speeds, sea-keeping
WwezewHiiee, stability, and fugﬁ eff|C|ency ABQTHBZMWN7%W3
appropriate material or materials may be used to

const r Ut tn tdierrstivé avebadirhént @ﬁﬁkumwﬁgmalmhiﬁuﬁlwﬂ<s15 can be
flbe and conpos

e i RS TarBr b dr SN b iras Gen g it pressure
disphagsmmnt hull. Additionally, many surface vessels

use a formof displacenent hull. A displacenment hul

di spl ates fueher alegnathe srebabmenoufethe lm/@ﬁloac@nefrmﬂemﬂ exists

lls require areIM|ve | ow rto- t t
DRE U SR e Gty xR BrTl Fowhgydr i s igad. cach
d ! a5 ithavs il ase Y |
oot RO TE T s HE R PRl B UL 35€, Tl (e its own
erbodisneite260f the i nvention, a displacenment hull wth
a sharp bow, a substantially curved underside and
stern, héﬁ@‘hmﬁﬁﬁﬁwyvgﬁﬁpP@ﬁFﬁkgFF”?%”U@%ﬂ““%%HﬁﬁF%EP%ﬁ“ﬂ“57
di S h%&gx I'Hal Lfse(tl W1cl§rﬁ2§ﬁ|kb% dléégl%dlt(pﬁl)éj(gi% %h& or 31mu ltaneously.
st andar |pstye|mno “catamaran form hul
and a ti fumheaditehioitine Ieuibbdmleﬁ’ntsam/ateﬂhgldlan'é mhs- tlghtSlmbﬂural boxes or
Wat er pl ane Area. Twi n- Hul | SMATH%@%@spIacenent hul | is

s’ié*élagsEﬁ%YdﬁﬁW%t“sﬂ‘%‘i‘tﬁ@lah‘“oqxéf‘ﬁ’l‘aé htOPRATTMEYS ¢ he
sur f ace\)\fﬁ%ﬁl e!mb%%hrﬂ? s 'B?the V%% h?{hez)%sgﬁqgvﬁﬁﬁgrh?éo&réﬁng on the
and a er surface engi ne conpartnent e to a
| cuelhicchoisepaseihe hedi bmmemmnm ﬁﬂ)llyat‘:ﬁmsmhtlh]lﬂjj' [burged of water and
vessels are limted in their forward speed by dra g
t RS qagﬁggqqn%fnetlﬁtéus\y@sgféydtem [;bﬁhbl éﬁftesawgi‘“{}%rﬁny‘éﬁgiﬁ’h‘ locx and all
C0NRL A0:n] AR KLk BATIILE. Q6L oBPRELARECAAR BIC sffln, The main

wave ac rea es as It noves forwa

t hall &‘s&yﬁsteﬂcﬂ]b@ﬁvdrsmdﬁb@ﬁm nedblye ddjlﬁtd]@mgbhhﬁﬁ nt dt@he craft through
vessel . A dlsplacenent hul | vessel attenpting to
exteediiiarsofisalall agpeats afivaterpisthe upll srcal hownreds: | n
or der tlg o (I;] e s%é’?ho elr?xgealgog& rf'% I?l?erluglggrsrb?{ Itlﬁ Rf%&g I from above

ot her forces nus ar odynani

I @R&lbrt0@tof eV Bic\ueas@), 2 Hrallit e Bieck @k[bu'lEbeUISeeﬂnhOd Durmg the pre-
surpass the hull speed. Hydrodynamic lift cones fro

t hbve @rﬁrdlerﬁl@mdlf gages\Idsae bpenydy g ghegghaust yHees }(omd ‘W]@ﬁm ballast

ects, a e fro t.h ow as
e R Tl R R T S
angdr@ oPLRPRY, bittdnndesil e cotphRms@l be6aBe ﬁi’éb{h@()@qpﬁlesses inside until
signi fi cant enough anount of hydrodynamic lift to ride

uphoefortogregtd by theawrprbgpuravauess élmwpi:lam élODFﬂh Bingghe gompartmem
simlar, to s

oppose Qh £0 elﬁggiﬁ%ﬁgtgq ﬁﬁ%}gfaﬁen& Wgex& ﬁ\}l uggé thc g‘om"tilﬁulomcl sidn process
di SR 86 eRBRE s siti Rl @G r Aké gﬁfﬁa‘{foﬁ int8 kghthAriG@ipleraticn, the main

increases in a vessel 'S spee
ballast system floods in series. VVd'[eI is allowed to enter the ballast system as the hull
gates 18 remain open, and both the main ballast valves 27 and exhaust valves 26 are
opened, allowing air to purge from the system. In alternative embodiments, the vessel
may comprise pumps and/or exhaust fans to accelerate the process by pump induction of
water or exhaust fan purging of air. Water flows in through the hull gates 18 (and, if
present, through a pump system), and into the internal ballast compartments. As the main

internal ballast compartments fill, the air escapes through the pea traps 44, through the

open main ballast valves 27, into the main external ballast compartments 7, and out
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because the vessel is no longer limted by its hul

speed. Drag is also mnimzed since nore of the.

vessel is lifted out of the water conpared with a

VOIMOAeE#Nt hul | . Planing hulls all ow vessel sPEEUS2007/072978
/ r

SSILEYE, TR S0P S0y TR Bl B PR

ptanpargndn dre tampisety fa&dt\fh&l \Salélf@d@u@d:kilof &2 theAmyter flows through

eX|st|n pl ani ng hul | design used. In certaln
Qf'gfﬁﬁlép(ﬁ‘ftr?ﬂ?h‘é iw&hﬁhedﬁamé?a]dﬂ%ﬁaws 2{pl ixip ths bgtiom of the

Slll'llglsf]t eaﬂ'élln%l %XH agt © EP}#M% n% G}e Tﬁuﬁ: dﬁlY%QtePﬁ)a\{vbaﬁ@hi glﬁlgln%lnents 7

transomi s use ui res

peyihut @ Wi @il tHealekg! Etﬂ)r@&ﬂts&m@ rlei(ﬂlﬁé AgrinRu@aloyancy. At the
hydrodynamic lift. In many embodi ments, the vessel is
capabihat Iaﬁalﬁélﬁiaébumngursfaa@@e@rsb@ aeinopllast \WV@F] 23 p@b@ig exhaust
wel.| certai.n

: od
R ot o PNl oo Ter G poAE OGN bates
S%ﬁlﬁ’&ﬁh}&ﬁ?? aAlt&ﬁatWel}atn dnfRIm3As {?ﬂﬂal%ﬁq tRE MtdMM bnd dxfernal ballast
ot her enbodinents, the vessel is capable of achi evi ng
speepm”ud@m g nsmoﬁa@éedoﬁ@ balldsbfoads imstapesdytthened dpeging of hull

per her enbodi t, the vessel is c bl.e
5“8%1?#@% ‘r?g"eép IR T E%?aﬁh%oé“%‘é’?eg?ﬁ bH“ 8?“”* a“d exhaust
| 8A5Ls B ofb bR3eP st RAYEhe Maﬁﬁ{elﬁéeﬁ(? %bﬁp&@d@@hk 8d.9The external
underwat er operation are the wong shape, too heavy,
t compatigents gietthdraspenedandolddunth acwateatrallheyamyns abeded, then
and/ oy have too little power to achieve any
sFigaF%i cant anount of hydrodynamic |ift while on the

- surf ace, QfitalEnMRIEGENts, W1l RIBRERY islsOM& @Gl}gdéwﬁt@!e the hull gates

first vessel incorporating a pressure hu
uh8 esmagh epao;methabvamn Nadter ihe pahgoystepalr ¢heofxhassi fag age active, if

P hOR AL Mosn A b | BEsAgy SIEAA CALES, SPTBREM PR fgherh Completely
o %@@t ?h@b %ai}h E‘t &%@5 Qé?{?ﬂalf’i‘%"%ﬁﬂh%awf% ity %l@ﬁl@ rgfo in the

e wat er a l'ast “systentonprises the main
baiduasitemﬂsﬁﬁlmt colm@aitnents Badnhasd caysihemlesaddiberately varied by the
sem -control | abl e ball ast zones that can be partially .

c OHerOICrdmeiferFsiche Ay s getsel W vrng e QT eERPIgH Pragire rises, air
W% S&de‘dl\@}b Qhé?’?ll l,g?lﬁtco%{esctu%mtg t@l?e PQ@Ha?ﬁ{lllaﬁty &En%% 1ents 7 as

25

30

et Systent ol -control

v bala&eaﬁry Qﬂlﬁfﬁ@mdﬁbﬂ’(;&nsaw thbal IT&S bmbwﬂkﬁresﬁlhﬁdonhp&nuﬁleﬁl maintains

in normal conditions to allow the vessel to surfac
aep stusira g ity REhrg cepIPRHB NS 8t depBhe e ueluies @ed as the depth

115(:%%6{1 ?}%}% [l%%tcrhgllx H?lyea\%ft}/mg Q{jt%fs aﬁ?}?es‘%ﬁ'tr 15?1 omyaﬁment due to
ea one, Ut

PleeiBraabiby. Noﬁir@ﬂs@leI&Mpeﬁsaﬁ@H Is reqtigs il $hedfaih Migternal ballast 2, as it

underside of the vessel. The hull gates 18 are ports

t ernains completely filled with water.

In embodiments of the invention, during the normal surfacing process, water is
purged from the system and air is added to the system in the reverse of the submersion
process. The hull gates 18 remain open to allow water to exit the system. The main
ballast valve 27 in the pea trap 44 arc is opened. Air is injected into the main external
ballast compartments 7 via the air grid system connector, pushing the water out via the

pea trap 44 and into the main internal ballast 2. The water flooding into the main internal

ballast 2 from the main external ballast compartments 7 in turn pushes the main internal
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can open to allow water to enter or exit the system

and which can close water-tight to seal the system
fromwater entry. Water flows through the hull gates

W8 20498}4$88he ef f ect of gravity or air pressure. PERAIS2007/072978
vessel may optionall | ude a punp 19 or punp

em
{ balkst ener antdrow the éw L gftchbd- et lenbougn g |1a%5€@§pletely
st ens

g)ur %H%F ﬁfégﬁ%at%r gd Eglrgg ch‘{ S T [Hﬁe ?ﬁgr%r tl{e p:éggﬁg ﬁ{i/ Bf water and the
em&b@;dhﬂembs b@fast hatek egsi wNpurgackioldt thegaile gd@s 18. In certain
connects through a punp to the nain internal ball ast
2 enTpREINFeaFH nomﬂ@% Al uslte dstp exprkwalet A (e gbdgm. Once the main
entire

c 6%81?121 S@f""g is gPBSE%“%H%gﬁ%%g éitol#,yvater an? ﬁllc?_%l%ﬁlegl?e[ e ﬁtrf'lg gates 18

erhRdl ABPtematni® WRER ik Bti@hBabutb @nb@ﬁl& nirCEITRE sSE8mfi Oy purged
bal | ast conmpartnents: wo forward, and two aft, which

f ioff wagdr il mneb@lblsyvajm 37 andexfiusicohdi 36 aaslosThand the system is
bal | .ast €§g$ﬁ nment s are separated within the main

i AEYPTAPP §§?V%W33¢ y lateral walls and sealed with

ball ast liners 28. The ballast |iners 28 provide a
gas-tight seal and may be made of a durable plastic

malirem Ballast Bgdtémmai n i nternal bal | ast conpartnment is

connected b ht connection th e n
air grljg1 %?§E@ﬁ§ﬁﬁ g%C%ﬁ %%n?%¥idﬁ%§58qshggsygk which
CQURMkkER Yeried dF sﬁﬁll@ﬁ@ﬂﬁhtrﬁ%m artBRER ubd B alifkemhB attitude or trim of
bal | ast conpartnent is seale&)only on the top and

sithlesesarld Ingnapyembodimnégs obthopnesant mventees, tyodeivagd trim ballast
senmi control l.a

| ﬁ:pgﬂ}@apie}&t‘s 3@}?&0(3’38{}(% flgegarﬂm?me&éam s\ﬂf@ﬁﬂ%ﬁ??tgowggments ? within

CoaPPR b Uk lgatl"% a%lgmolnrﬂ R4 BhitLr @yﬁ%hvc%n%aﬁﬁx@hﬁea% hcated aft on

each main internal ballast compartment 1s conpletely

seht edpoarbadlevdrbe 80 rportaed of ithd edsalj end pst ewh onalstargaitd In an
18 or plurallt of hull gates 18.

opUIEHATFY. A lsatidBe (e badde) C@F@@@HF%Q@WP?%@?%hm@ch side tank
bal'%' a{%ﬁnéﬁ‘%%@&&ﬁﬁeﬂ%ﬁtb@"&ﬁ pYRLEL o gﬁ%tﬁm‘aﬁé Hﬁ@i‘iiﬁﬂ&]ks 4 The
the i nvention e ham i nt ernal b ast conpartmerts

preox ahe nsdaeo e sthbidit: } t@ﬁl&t 4 oy Oﬁwrdelﬁhmkiﬁprg B¢ emiiguration of the

conponent s whi ch nag ded or renoved dependi ng on
t h\@sﬁésﬁ T bWty Gkt ¢ Oélrhﬁd‘fse‘i tpadq galiify dumpg the submersion process

r&%ﬁﬂksﬁ h”BX?r‘%B?J%g‘r{ ﬁ(gen%%éﬁ%tgg goﬁ!%éséagga tcﬁfe)[ﬂg ﬁﬁﬁe‘? E&tlon of the

t OMICOHHGCtIOﬂ o

hi @Jawl EBdEEst i ity S41RE 38 Snayl QW @SS WitR Dt éa¥Bd Ya@bdad. 3

energency alr, anblent-pressure air conpensatlon

e| ect rile, magd p@bpqh@lenﬁn dirgy stap sy t@}kp dk helppstahjlize ‘the vessel as it
mbodi nmen

Egitsmé)m %r?lﬂlthe stuﬁflacc Gc’ft t}%)e ngﬂ‘ ugn[r)l lg?d st%ﬂ% A%ﬁe RE& %mks and its

e nmaln |ntern mpar t ne

Adchnte'r QP adavipahidl @hte€ @ﬂﬂﬂﬂﬁ@ﬂﬁsbdcﬁm@ B tan e ﬁﬁﬁmﬁy tam4Sremain just

can include battery bank fuel cells 17, or any
ot dheve fomponding. l‘ﬂhhft e\@@mhdt the vpweldsginetogehpbnsiabidiy t@fﬁk 4 onthe

enc'vvos“ige 0% the? cmf’fI enternthe water and provide additional displacement, thus
stabilizing the vessel and inhibiting rollover.
In embodiments of the invention, the trim ballast system compartments 3 are
constructed to be water-tight and gas-tight. In alternative embodiments, the trim ballast
system compartments 3 may be lined with durable plastic ballast liners 28 o provide a

gas-tight seal.
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pod, or that is inherently water-tight and pressure
resistant. In many enbodi nents of the invention, each

mai n internal ballast conpartnment connects to a
WOrPEYEEIi ng mai n external ballast conpartnmenPCy/US2007072978

through a pea trap 44, Each E&a trap 44 co

connect 4! lp%mﬁ Taqf tl’ég(prlegen{ eI CRGAY té‘}m@{dﬁtéﬁlﬁ%@{meds toa
COPPRLTRAGorbhGpL AR AT CLAGHRAN ML RERKGHNL G Bhfolable
Mahlksexine 9naW abahlaadt addutparicirenmparimeihe rpeavddrapedhi4d by the
forces the ballast to operate in series, as a

| RE@RIA ofbd PERR SB@E?ﬂi’b drachistt banstcosympmseet § ﬁmfg% connected via a
ver :
oot A8t SEEbFlag Pl ohr UECLIRUR VIR fr R DSHREIRAl into he
| RY@PartHEnt of BehAied aextekdal prbalitasimmospe iisasiki wdo force water
external side tanks 15, |ocated port and starboard,
wﬁpbﬂWb@@ﬂ@@%ﬁn@ﬁ$ther divided into a .forward and aft
conpar
o s U 51 O AT SRR LB s
baldtas %drﬁ@mﬂ&m@veﬁb&ﬂﬁe piirafaed abhtyal bobementfkey the main ballast
wat er-tight and gas-tight, but they may be |lined with
pIsase cis pieel dst reat e matabpueyagast i Yiile sbglvesseh 1s completely
C%{ll{ﬂﬁ@l‘g?fgg’gg ﬁrll@p%}l?&st Xl}?elgﬂo F?nggl‘?ﬂ%lﬁbe éS P tng:tl{e"iarcxbﬁgr -to-air
I Rbgmherangealicliéd froubh éhetiddRion GBtaT dval of v@z@@ﬂfﬁﬁﬁ ﬂliepllimps and the
size, and exact |ocation of the side tanks 15 may
d@éélﬁdn ﬁgremwh@f aeroﬁﬁrn theragtargn THs nrpeesy ssepiroll eé&czr@be pﬂot of the
mai n

ﬁ%\su oav 1l ngr n \/%PII gﬁuctra L;%)r ta tf tlze e%%ﬂ%g &g'shr%&) BLh trim ballast

exi e tan rou

e’%@ﬁé&ﬁ%oﬁ@@rﬂ%eﬁt 3 bdratad in@&i&nﬂ&@lytﬁmoﬁl@rs\t@ E]Illm@flﬂl Ajustment of
as the systemfills with water. In certain

ertbodiAsht sesselriiesshad ghe quipidarmbipe prerehigdeses, iaﬁsq flded fpdhe trim
haust t t lerate th
SIS Bt . OB ALl BRPRRIAsChe L D e

f uhhelogonnects via a gas-tight connection to the air
grids through which pressure conpensating air my be
i ntroduced ilftroativeecrobodimentneithcoresesthéhestrand baast tanks may be

t hr ou i ch pressur d be added to

GRS S R G Sha b 8 RPN aPt B Eetso Ry on
optionally be included at the bottom of the main
external ballast conpartnents 7 to renove additiona

‘watear-castroldéebdeBallast Znnesl t er nati ve enbodi nent of the

|nvent|on the St%f tagks 5 can be constrycted as
pressur Ia C\?E‘g@eF@ od1 t%fn 116\/68 12 evegﬁeg GOFprises at least one

r eﬂiﬂitfoﬁlﬂlgseﬂ{l %%%Hf)ﬁatﬁé’ BRERSAIe MNwhich Bmhitk tsiBdtantially dry while the
alternative enmbodi nent of the invention, no connection

exvesges is operating on the surface, but completely floods with water when the vessel is
submerged under water. Because these zones remain open to the environment, they
maintain ambient pressure at depth. In many embodiments, the semi-controllable ballast
zones have at least 60% of their total volume free of water while the vessel is operating
on the surface. Preferably, at least 65% of their total volume is free of water during
~ surface operation. More preferably, at least 70% of their total volume is free of water
during surface operation. Even more preferably, at least 75% of their total volume is free

of water during surface operation.
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between the main internal and main external ball ast
conpartnents 7 . Instead, each ballast conpartnent
separately fills via its own hyll gate 18 and purges
Wpéo‘?ﬁ‘l‘@"&?@m exhaust valve 26. In a further altEBFRASPRPE072978
enbodi t o
oy bR Ol fp 3o R R G R FTPR TR cnvine
desnghedciteof ednibddieita8isobns finddriareeus ycornbetion to the hull
further alternative enbodi nents, water-tight and

gastet i ighthastundetiarthe noon e@femal d?aﬂlﬁfag@mmynﬁéwuséd appalternative

the i ntern ext er na art men

em& %fn&?o?ehfé(ﬁ%cgéoélgcs Vfla 1?snown f‘émg %dt orp] \L}Iélnltt){ rﬁates 18. The
OREHALSNEDRPlebARsS %rfe@%nyptlbﬁ%ﬂl}Wﬁélﬁdle a ey B8 Brality of pumps 19
bal | ast systemis fully or substantially purged of

wat erd infidliigsand patgad:. dgan nlslboqhh@nt Mthlenl diconssef iswaitfeqing after being
The, hul | tes 18 gen remai n ¢l osed

béf‘?‘&g“tgcgyg ‘e Fﬁr\‘}a@gggﬁ?@ '%/Wdﬁl 6(§l$d NG ‘ﬁ“% r‘?ﬁ/a%“éface engine
e Woﬁ{pﬁrt%%ntexﬁ %ﬁrg%@ QaRYSLEM onghﬁam\ﬂzr Q@{D}L@&Iﬂ@y S tne thodlmcnts
however, e used to nmake adjustnents to the

t nncsumnaﬁpumb neugbpthp 19ddised orhadf aaiatate taermsﬂnttsorocﬁl t he purging
mater via the null gates 18, as needed. In enbodi nents
ofoftheVilivent i on, prior t the subnersion of the vesse

from ak{ﬁ\éﬁ elrnlaguﬁﬁ ?Qé?%t &ml?l%; 19Me B!ﬂﬁsﬁ%ﬁg 9%%6}1 & a semi-controllable
pre-di ve check s e perforned. During the predive

c hetikst fidaBodadizbneg &t losatdBirathe uppartedy wotks Yhereohatligt vessel. In

val ves 26 and the main ball as al ves 27 remain
CIBYBEMRRLHBFNS PGS VAR e ff%‘ﬁ\{’ﬁmﬂaﬁﬂ]@a’éﬁ‘l‘&ﬂ%‘&}li‘/ Ffipsgd on all
t Qﬁc%‘é%?%%'?ﬁmfb%{f% (&fncﬁ';sat a{%etn}f@ trf%légmge&ﬂx%_tﬂatf)l_le !11145'[‘?16 surrcunding
conpartnent because I T conpresses insi de until
t hite foffae aweld athhynidne, akdveptigs sy subsausasanhdient mﬁt\@nel from
to stop entering the conpartnent. In ap enbodlnen
t RO HIESRITONE AYERHE SUBHCHMTHE t Keonfor i GHN Stlme i1 lowe Sadeofthe
pr g sel Wala

P g s DA RAR kbR AR bR EEp stom: bur
sy@ﬂem&bmw aAnfbusigfof @@ier Wak@rvlies ted Vesssbshetaeent tﬁé surface. The
the ball ast systemas the hull gates 18 renmmin op
arﬂ’ﬁ‘ BoRHIRR ol rAtBaF fhest algring oBpg bl Bk HaSPegaMy el hen the
| nveé.I e? ersﬁlggl%g%d 2&%@93@&?9 t?e 1re%kg a’r@%&% ecpﬁlﬁg\yetl Cg?T(%(%/%S\ée? connection
P UigRS: RAE @inishastsdbd aligsttzonaxaeloafidih@tht hefape aagsscompartment
pqu i nduction of water or exhaust fan purgin Yof»air.
wat(srand thevasr mﬁwhfrlaaa@qnvvﬁh élamﬂr rvalga% @sorme (ehdWhen the vessel ison .
pr %Semtace olgl[’h%l’\l t61 1@ i 201 ’roxﬁ@ bl 08 a@é &t a{Vhen the
bal’f §3% al

conpar n|Mem
Comaélﬁmta%lffg' dfiev b&lh@ s@lhﬁer%%@ai@&ﬁe TREQ UGk, tl ﬂaeﬁ w)@ard ZOne rises -
traps 44, through the open main ballast valves 27,
i nate Ve Hes wilbiHinsené pater ctrabesibrough Msatrtinendghmugh e hull gates vic

| ouél%gr %&H@]Eo thf: o%leﬁgérﬁh? &5 Sttro\ﬁa{a %6111?51§L0 Q:d exhaust

er na
In alternative embodiments, the freeboard zone may utilize decking with small

po

gaps on the top to allow air to escape during a dive, instead of the one-way flapper valves.

Additional BaHast System Features

The amount of ballast used in the vessel will vary depending on the embodiment
and will depend on several factors, including the total amount of weight that will be

included in the vessel. In many embodiments the combined volume of all fully- -
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conpartnents are conpletely filled wwth water and

purged of air, the water flows through the arc of each

pea trap 44, through the main Ilast valve 27, and
WﬂtZQOWQBSBottom of the main external ballast PCT/US2007/072978
conpartnents 7 . The main external bal] ast

coenpeiieberhadlagt sompaimerie of ghe jvepselin i fromhaprjeeggcly 125% to
Sg?ﬁ?%ﬁﬁ% )ﬁgg% 4 eoﬁfgt{i}? p%@{l oﬂ%&;‘%&% gpégf%{gpﬁl}f%ﬁ 0'?‘13'}16 Ic_passenger

b@bﬂn?ﬁtméﬁ@bﬂtﬁé véskeRnal at Elﬁb@ﬂlha:u?df theaiweﬁﬁloﬁﬁthabcﬁnbmed volume of
cl osed, trapp a fixed volune of air in the

mai
eklzegﬂ]ﬁa]ly— 1t10él§gled@|}}@sgpplﬁgﬁp§enys 1S appqoggmﬁ@}y@é)f)% ofltlﬁ: volume of

T L e T

Steﬁh%@&n@}rftst the céhPREd 9pRReRY aQffu1f}‘-@dntﬂ;ﬁa@abﬂﬁistlﬁm@@lﬂnents of the
val ves. The main internal ball ast conpartnments’ hul |

gates! sheuldhe fremm@mmatehe%ﬁ"/m aap@xeip@tﬁkydl 26y oftthedpigl volume of

the co ments .gre conpl et el e

e 8%%9%%;%}11%&‘( é)f 1616555k d A % (]J rfnle %n}e(yitvg{ume of all fully-
neafird1Rblehalladp OV E‘@Merﬁ@ls%ﬁﬁ*oﬁm%ﬁalytl b@% df lti@sied vdlfime of surface
certain enbodi nen | e the vessel is subnerged

unldiptagabent, t he huII gat es 15 18 remai n open to t he

ST BBk T T LB
bahl Ql%%tff%@ﬁ@!tﬁﬂﬁﬂiyshlf SRR tﬁhoslj?@ﬂeﬁlt(ﬁivyaté; fif dd di‘x%od-ﬂ‘i@t includes

mai n ast valves 27 remain shut; and the water to
amumpslau@{er exdtduet famst the baHish Smr@r“nbllsﬁbla@neaﬁﬁ if the pumps and/or

CORRR TR R DaFERE] 0 G086 RESE RGP e o

f V%Sa%géd 191'tlYeel§aﬁ‘1rlglllta|§lebyQ61tn§h@ﬁd@megfge dfr]ﬁ&ééﬂcﬁ‘l (bitge&ssel. In the

air is added via the air

rj 7

‘ n emzemezlaat thetholl gates 3 8iseckopepensan é tlttefﬁ@lmaca' h‘eﬂ ‘é\?mb ingmred, the vessel

sure co ensatjon nai | ns S c
@@PF gk ‘t%éi‘%%}ﬁbf‘é’?"ﬂ fpRedy b‘Séttehgaglﬂft CRBBER Water
~' Scaﬁ‘%%?eﬁé Fﬁ%ﬁ\eﬁ% MuliNEAQ2RESy 2 LIGER hidll B rGhand8 dnMmount
the vo the air pr esent i n the conpartnent due
t Gsuciargmt assmlnpreqM1epa1eslsudeethc onpeas@tio nOhee thequii pregure in the

in the main internal | last 2, as .t 25 ' . .
CORpIPATBEY Al e icenT o eter T OE e bF S and remain

!rb‘{aetﬁékﬁgm during the normal surfacing process, water
I S purge ¥rom the systemand air is added to the

- syst emThe buhiest sgsten asoaflovhthe S/EIE*.SEﬂHD sighnitpal bif gdscorfdsenverted on

hul | gates_18 in ope to. aII ter.to exit the
oyt BBl R D S8 MY s PHD R SRSy A the vessel

B A A 0
C oReLtOW atePinsd tHegmbine xwatiad bhaltust campartrhents 7, which in turn flood the
main internal ballast compartments, with air escaping from the hull gates 18. Once the
vessel submerges, the vessel’s center of gravity will be above its center of buoyancy,
causing it to invert itself and to return to its normal underwater orientation. The pilot can
then initiate the surfacing process and return to the surface in the proper orientation.
Compartmentalization of the ballast system allows the vessel to return to the
surface even in the event of a breach. Each compartment may be filled with air

- independently, and only a fraction of the total buoyancy reserve is necessary to surface.

In many embodiments, even in the event that the passenger compartment 1 were breached
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pea trap 44 and into the main internal ballast 2 . The

water flooding into the main internal ballast 2 from

the main external ballast compagtnments 7 in turn

%9@%’@0@%& mai n i nt ernal bal | ast vvat er out t hr oB§HUSAW7/072978
ﬁ#ter t he mai n ext

es . 18.

|hgl1cé |\A9thp\ﬁ?t§ LSS Plé%}ian%t] 1e é]?fqdn ?f?l;qsga/s%m g su fficient to
a'bfm te @ bacRY l@x@ Surt e i MB&ctd AP ddntaf ty\@ta8lisaReitt BBuoyancy at
nan1|nternal bal | ast water begins to purge through the
htitd dapétt. es 18. I n certain enbodi ments punps are used
to help water . fromthe system ce the m
e na TEh gehon iuerGlbel B EPRPRI BRI G BT hapgpetely filed
andf Wale® dvifiint fhe Acksel & @uﬂ?ﬁ'(l:r%e(g afifgan %e Clll)@&‘é‘d nﬁBYthem from the
remal ni ng wat er IS punpe ou Once the mam bal | ast
systeegoni g aifr @ik yto pamgedsof e watree of bheyanei withalt Itla:setsmstance of the

valve.2 exhaust val ve 26 ar and t

s;fféﬂct:,rrﬁa gzaawlfc cuppedr $ot Hed-eHoh i P grimary air erid o
Bald aSh sl e 3% cAYRERERE AR 44 pres

sup é anéh%ﬁ ry&agy%?£bﬁlast %ysténﬁ mhu%ggi%ﬁﬁruéggmntmr
a fﬁ:ﬁlﬁ leS&ip i fmltlheeﬂhalbahtleﬂﬁiﬁ beldasp aravome nt te used oif Ualve failure or a
adj ust the attitude or tr|n1of the vessel. In

e Mo RERESOBFeC REMBNSE SAtal PANAShEQIBRATITTRG £ Bicasnrop f hpsien s
b t

D35 FQIRRLATENSE Bl Sl SRRl B e o
| PresEne paictairy hiopiad, 1ﬁ1fresmltb ah bm&bdxmtsemlmmslamtm‘eml& air grid, the
are |ocated aft o the up P body works 37 porti of
t f?@“e\%@% pir ggA & rpddantheths ﬁ‘ég}bt’rﬁf%‘é%ﬁ‘lﬂsw‘la&e aﬁi T us atotal failure
ar 1 fjéo{;{%?‘té% h% rakl?@ﬁltédaltg\ﬁppr% @ﬁbé@%ﬁ ((%%T@Sﬁ%ﬁ@taﬁ sr?’)rage) grids
enbiglc ave MbSsffebhen thel pitob @hbﬂﬁ‘t tCaorparet the pdservee rbabymle} to bring the
stability tanks 4 The size and material of the
stvapsiel pqti}/e plHfes: 17 coppyn %bgplg@b@n@qep@'v@ppqyﬁg ifting force in excess of
ggl%f (L(%l'iésgtél roxﬁ’ltaé%p %I}‘l(gfstﬁé:" Jo‘tal erlég)%[ b\fo%%g tﬁ%&fi&%@%&lﬁ%ﬂts ofthe
PrRERSSmhbé b]@w@téﬁnhrohﬁlﬁthphﬁﬁﬂg @f tHeQﬁ@iﬁ imemal ballast compartments
contenplated to be carried on_the u portion of the
vesdiapir. Thip §eoyasewlsiniqre yhangukiscios twgyn&ﬂweﬁfél gdbgsurface of the
mnthv i ncreased payload. In many enbodi nents, the
sta%lﬁlty tanks 4 help stabilize the vessel as it

transi t inofiSethbiimtheo fsue f1aeatioh, thbeecwal edmprie@an emergency drop
subnerged state. As the vessel S|nks and its center

of wggbtv il she@rvf@m@é ﬁxeécrss of thg @b&@h@;ﬁlb@wf@%aballaﬁh@mpamnems
St alkﬁé Iy nv%/hl{ f: V{:Sﬁel 18 m?rjg i tlll% Ql%g%eﬁ{}/ ﬁlr\é@ iéh EQ be hfa)pped to

€ Vesse

Stlﬁtﬂé tht Yedsank tit @ffaddRisddomm Sk de@bisbheer8dndf Thus fdr embodiments
enter the water and provide additional dlsplacenen
t htusludmm drmzwnl@ht He cerasary dietl Wershit Hiou]diei ghonpeghesuch that when

ét g%@o%pg) ,aﬁn[ ﬁgﬁ%es r\]x%xégxgvlgsnst 2R thé r\]x?eiéhrtlomtf?e Itgtﬁ Simount of water
displaced by the volume of the fixed displacement. The emergency drop weight should
also weigh enough such that when it is attached, the total weight of the vessel is greater
than the weight of the total amount of water displaced by the volume of the fixed
displacement.

The vessel of the subject invention provides significantly more variable
displacement than typical surface vessels or typical vessels capable of underwater

operation. This extraordinary amount of variable displacement is crucial in allowing the
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constructed to be water-tight and gas-tight. In

al ternative enbodinents the trimballast system
conpartments 3 may be |ined w th duiable plastic
WP ners 28 to provide a gas-tight seal . PATA’2007/072978
enbodlnent of .the pres i nvention, each trim.b

t Xeweldobave dicdiyiys gn%a fYJ%tF‘l cmemtlgg thpgbl 1e Qfﬁﬁg)lcaiﬂ&)marme and

S b C

(PSSR g R SRS SN SE SO
Oprdpemmeﬁvﬁmb&aﬁsﬁlmmt i1hevsapegtatdagomr O(ﬁﬁomffglrpmhmp since adding
system Each tr|n1ballast conpart pent is furthe

c BhFERYERE rapoRchEsH il BRlthays Areev iRt eheste B W@%ﬁ §gbility to
t 'Bhp Htg%nw é"upfa@é rdh\'/'@*Q(n(E?wla{a I 29%&391(1&1”&/9&; R return to the surface.
conpart ment éxhausted as 'n to pressure

conpensdica tlﬁeheest;(&rdf thd pilegenft arvestiomaik en tiwsuréifce toli éhe water, a large
conpartnents I n enbodi nents of the |nvent|on duri

s aBRBRisfoh voRinegsides ave thawaleringipaidenky allgyst Sty robust
b chigve r ral

$?al%§r?l’{%’]gbq 1@ fﬂg g??gs g&sl?aectsn (Jll‘c[s.ﬁ 3{;@% Q?Zgitsrtgap[ﬁ%}eég:ﬁ%lems mn
- Reehp@lg ﬂ@L@&Sﬁﬁf‘ge wW@:Ihl ®e kbleeV 6g sied wiigue bmﬂﬁset@ﬁltgm When at its
subnerged, the trimballast system conpartnents are

AR ACER ORI Alh 1B YO P SRR s wﬁg@déas geometric

t I?:reﬁulgh 1%1 Eda%lotvé(? Bhtef 81‘.@1 (ﬁ{%ncgj v&W?cthelE tfl ggntxgﬁc center of the

e addition or air on1t
gfblugyanﬂﬁr& ARG RShe S'esseanthé edsddgulbhergps hmier Watdrh& center of
vessel to adjust the trimand neutral buoyancy of the
veéygencysseg @sd progses paepnterqlgrayy | When g sedpy ofbuoyancy and center

ar t nent
TR TR ST g DA AT RO P PR ot

t RR L& tHe fc&ﬁé@sl EMdrafifestiUus @ yiiics @ancebbdchi @haddedntoader to avoid
the trimballast conponents 3 as necessary to pressure

- contheres ankhavsehe wpiity Ferightritsghfir O@Qﬁfﬁét?ﬁ“éntheleﬁpbé’ﬁlmentq of the
E ?g,tﬁ%ggtﬁévéﬁggn gbve 4 ¢4 ﬁ%tﬁﬂelg Balgubc%d \é%%‘rﬁ)%lbn %F%efggm't \';a;#?(@ luLeaUQI{stablhty

ons pressure vesse

waitid m@ﬂburﬁ@&@n RRESITY 6f 60 mppas;@tiy &brks 37, and incorporate freeboard
Semi -control |l abl e Ball ast Zones In certain_enbodi nents

ofdigpheseinantdhvtiranaing Aeovgdlsswterdinpp theesntar of gagty cappecs the center
abl.e ball ast .zone 9 which

a(ﬁ%uﬂgﬁgbﬁéﬁgﬁ?Fgfb?mﬁPyPWﬁefe the vessel is

oper at i14g s@B; {tN@nkY4 hap Sabiut 1HeQeREBIIAIkUPMERES uNdet Rater as part
wat er when the vessel 1s subnerged under water.

Bedfalusiecint brélget sygspms As dirayassed pemergestané therpentcs aherAYity crosses the

t he\é ﬁ&ﬂtoglarlliyﬁ eissgﬁilitg/r eﬁﬁ%%rl%gl%{nég% aﬁ%P\ées,{hez‘gﬁ%I)s/ 1mrf]: If the vessel
Aty do8R3A rof O Sfab it idnk Uhahe ¥RIsHIRR  {HeQ8ssRf ekt Ee Wildr k@promde
t he vessel I'S operating

additional displacement and stabilize the vessel to inhibit it from rolling over. The
portion of the freeboard semi-controllable ballast zone that remains above the water line
as the center of gravity crosses the center of buoyancy provides freeboard displacement
that serves the same purpose. In embodiments with higher loading capacities on the upper

body works 37, the stability tanks 4 may be larger to offset the additional rollover threat

that comes with a higher center of gravity.

Upper Body Works
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on the surface. Preferably, at |east 65% of their

total volunme is free of water during surface

operation. Mre preferably, atg¢east 70% of their
Wera/WH8lme is free of water during surface PCT/US2007/072978

Cotal JOF SHHECG SERUE Gratan W e aar ey 3. \HiE is the

OBFH'n@H Q8erh Py @R §ROMY TRRb undR of %t‘tﬁ@ Rt @il BPILE lower half of the
bal | ast zone 9 surrounds the surface engine

c papardeneotnf@mehn larxenthiodi lnendl]y thloins eztbere sifle | dfsthanphssenger

drains \ ia a connection to the hull gates 18 that
G HERATITECTY He i T SH AT R8T B rsnebire Gppaeny | in the

. Ha?.r pal h%{? 1%%@? q}oﬂg%%@altl Bie Borfil2l df‘u') I’iilCéntR{ fr@h‘)]"gl:g@ﬁ( &1 bolts or

itsS own 1 gate or plurality o The

S ame o€ ofter alehadbhed bah hx@zsdmkz)dnﬁaqtmy @p&nmiainlt}ythb redfadéull 42,
punp or plurality of punps 19 to aid in filling and

pmrgmrregtheﬁﬁp half ehdhe dhaheritthe VGses) t he vessel is

surfacin |

pal 1 ast" 2oAb8oalR SonEPRTEE RERpubPahE ol PALS LB ARefhory 37

Coey dsMBNlipp2P et @S thaat el \Th acréai® BiRbyd@yhchOWaE upper body works
fl apper valve. In enbodi nents incl udi ng

np 19, the
pam@mbgf % compdsasdhhdgcpinge el sepierel & Hee $tﬁuﬁmtalé<nm@vms, and the

Err%et? (%%§ P%ll—cfoggpgq%g\ﬁﬁlga%ttzog%sn Zlnhgeugtéodth Wogksac\ssembly 37 may alsc

S @BliseGaBftionhl @ cdi@bdnasis of el bﬁ@ﬁ@img Bfery bask hedatuertells, or air
in the upper body works 37 portion of the vessel. In

nﬁﬁySenbodlnents of the |nvent|on the freeboard zone

is substanti L encl osed £x%5e

ot ¢ ot aheeesEeBh i B R Sl LTS 57 SBira S pppgpriments
aifgachs Wisrash at ReyIbEoStInk@a g8 REPHIL:SsCABP ak bﬁ‘ﬁﬁh)bott es, scrubber
preventing any substantial anount of water from

emageriaty suhpligsomendinnk.nyg Gverf APROIG FEr@IIcohsUCh asribvaneayopulsion
dra@%EeX|I|ng the Jowei side of the freeboard zone

al'Fo\w water to exit during the surfacing process or

during A,SiBFdPprRkidean 1Q’m§i/ bOow& d sk hip rBsdi wworRd as‘é@t‘ikﬁf 37. Inan
to enter 'when the vessel operates on the surface. The
onebwdimahtaihe deekindascladeseant dreenweecealiped ddole pmdy seating space for

t ypi cal fac eration e e _vessel .is
SV@EW@% ARt SmpRtime T o (kS ErEPHsReainufer ams 55
a FP A5k B Pel KB CHlo gpaf%/fbaﬁ RE beQWedcdSEHmSRARY Ltk aRd Sessel i

ast zone 9 surroundi the surface engine
c &n’pxaertg&’é nind20watend I Iaefuetha‘r Prengpeiy e vdngbodmeenpatpe fdedppe nncludes
val ves 1 on the top. Wien the vessel is on the
sd?@%%%iﬂFq¥ﬁé Sdat er, the freeboard zone provides

freebo ah dceﬂmpcln?&)%ﬂﬁgﬁs MG I?)%dg %Tctﬁﬁi a4s§m§lw4f7%hﬂ)glses armor

after being subnel as the ves rises,

f r;ﬁﬁb@amdarmﬂbodlmsﬁsthabpp@bdsdyewvat; egseinbiyd7 al’Schﬂ;ﬁr@Es attachment
escapes through the drains and through the hul] gates
viPoiheoryaked fasvarpot Heeniapdssan sieag 106 MUaBIoss

bal | asty, mgr?y embodiments of the invention, the upper body works assembly 37

comprises hard points, which are used for installation of components. The hard points
can also have grid attachments for delivery of air, electrical power, or hydraulic power, as
desired.

In many embodiments, the spoiler 10 extends above the surface engine

compartment 20 in the rear of the vessel. The spoiler 10 may be used as a mount for
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- wi.dipplageatsin zozle pm&%émbwré disp

In alternative enbodi nents, the freeboard zone may

utilize decking with small gaps on the top to all ow

air to escape during a dive, instead of the one-way

WO Pa08s8s8| ves. Addi ti onal Ballast Systen1FeatBF@@B?%%m7ﬂ”s

arrgtlilcg]lg%l %%Lngl%elgtaﬁlclu 1edra|rcrie RGN &%ﬁl‘?‘rﬁ{mc acg%elsaen\t/cenrng In an

f agbhedisnent, A% swdilftg otdae bt el guasDentisels a\&Wegh findWigile the vessel is

will be included in the vessel. In many enbodi nents

theﬁﬁdﬁﬁﬁnédaﬁ@ﬂ@m@ﬂbﬁmﬁmntﬂ@ﬁpyé@ﬁﬂﬂ%W$éB$énﬁﬁﬂﬂ%&ﬂm“tmrmr
art he vessel is fromapproximtely 125%

tbn gexhﬁFngaé 15% o f the vol ume of the to?al

fi Xed thh $Rh PGERRIhe of 8 sRA&S BRERTonCREMEHEL BRItw @ks dsBenbly 37

vessel . In an enbodi nent of the invention, the

conpried mmintsnfer gfibitihetagld 4 foghted ait ontlreolebsebl b dainhbpdiment, the

SRR, 5 SRLSELIEL L 2001 L0 40 TR O 1 1
gg%ﬂ[ﬂe%%mlj@m t}ﬂ%drgbﬁri@ﬂﬁltllxeystaﬁll tym)! nfRYBeARALS: thd Jﬂ)%} ler 10.

I ned vol une of al l'y-control |l abl e ball ast
conpar tinmeatgecrobodilnents, ehs e;bpes hodyl workeadserobty 37 comprises a freeboard
approxi mately 75% t o appr ox natel 125% of the to
SRSB4 S0 TGP BT SEHEHE T Jrk GRS e G abl blls

; f%ﬁg o"EALn zfu'a%sclﬂg’ﬂ (F%\dd‘(éfollngfégs Qxfhllélthe vessel 1s on the surface but

ycontrol I abl ast cofpartments is

appmpidteiat Bbods 10680 ahe Neeseﬂ ok atubuel gede uofer swnteaceThe freeboard
di spl acenent. The baII ys f the ve

s ubPEEMERNZaRE 1Séhb%€ﬁw @i%* é.Pl? algﬁ’%ﬁ‘é%ﬂ?@t &g g@%ﬂ%ﬁf?"ﬁmmg any
t Quﬁ%ﬁ%ﬁ’?&hb\ﬂlt oY w ﬂe krof?\r en@éﬁn@ﬁl@ ?b%e% ﬁm\ggsemto‘?\rthe éurface A

nent i ncludes punps and/or exhaust fans, th

balnkasty éyist gntheibottost off theofpesbatrd zohe taliewp urs mncddltodurmg the
exhaust fans fail|l. When the vessel is o {he surf%pe of
t TP B POCEHeP | ing SR @m-thuh BpR chlow S gl R NN | Walr to enter
Sy\%l% ATHPL O l%ﬁ%ra@es%ﬁlgﬁlg glllr%ceprlq% %1: ih 9&1&{ bR HESSR line during
I'n fie event that t ates stick open or even
| frypibd satflidecaperation.| Wahen ite v%sa@t is st erbhibundessater, Wiel ﬂeeboard zone

not sink, so long as the air renmains trapped insid
t FONHASEINSHOdS PAr MRPSY OPRBGSHIOR 4R tbwsgméﬁ@réwlkahkowﬁst zone

3 Q%rrlgunchm gq ts&fcfa Setng]rne %o%kigtfﬁgr?t f(‘)ulu{d fieait Pglgég %ﬁ oy flapper

anmoun ess alr 1ns

c O\VHP\airstm{ the Qﬁ}@ e Wi @iklvefeE&Soi thel sirfhdveo COBPRIEIERL freeboard
equals the force of the water Egshln in, the vesse

cragitf B enestshfy sygfpcing after
bei:l)lfg]%u mse(lgoe AR te?sreelzl ylgesssﬁlgc e%b%gla SP ag%rgln{t ﬂohe kiles above the

|nv%rtedton sut

vegsel ligaRnd M dtéraésCap R ethERABNS idedindr OE @RSmenenembodifvents, the
vessel is upside-down on the surface. The systemw ||
f | Bethonnd displaspiment zane may WE liesdinglkine Widrsmall gaps on the top to allow air

to escape during a dive, instead of the one-way flapper valves 41.

The upper body works assembly 37 may be any shape and may be constructed of
any appropriate materials. Examples of materials that may be used include fiberglass,
carbon fiber, aluminum, other metal or composite material, and any combination of those
materials. In an embodiment, the upper body works assembly 37 is constructed with the
same material as the surface hull 42.

The size and shape of the upper body works assembly 37 may vary depending on

the main function desired for the vessel. In an embodiment, the upper body works
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allowing water into the main external ball ast

conpartnents 7, which in turn flood the nain interna
bal | ast conpartnents, with airggscaping fromthe hul
‘@9ﬂ@§“@8“0Cnce the vessel subrer ges, the vessePCT/U§2007/072978
cente be above its cen :

poyanE, IS8 490 sToeen f bR PRI St sl pgduring
| 1R RRfBE bH@ﬁ%E%ﬁ@ Eerfr Ry QWossE0& M &tcul%%nt@@r@iwc In
initiate the surtfacing process’and return to the

S lelid‘tlamemblodﬁxln@]tphop}m‘el bodyamd?rai; assambly 37 is given a more hydrodynamic

artnentallzatlon 0 bal | ast syste [l ows. t
vé@%lto VY Sreptr d’e\?SﬁL Effo Jean alenagve W%%Ev%m‘h%‘fppﬁf body
’ I %4 &
ey RIRA A M TS el ot FyRigfeking s shaped o
bumyaﬂﬁymﬁaseeweghﬁnne&ﬁﬂsahynhcm@uﬁﬁaﬁeL I n many
enbodi ments, even in the event that the passenger
conpartnment 1lwere breachedand filled with water, the
r r ] mai n bal | ast systemis
S EMSSQ Sai ‘P%glfﬁg craft back to the surface if
t here iTfe SWdlfandi RfacAbigitcosyemadl éribodinshtsiofehdpreynwention
at the depth Al though the main internal ball ast
c 8HpEs v ateslonied rangsi waed. gnd Bgs| &gty for édm\ﬁlf“ﬁsse capable of
Y e l ,
. H}l(ge&xf\ﬁ%? Q%eilgt?? %ﬁg éssé éﬁﬂg@&%@g%%o%gﬁ f&e"ll?orﬁ)cglgtr%lssfl%lrdr%ratlon,

a all @SR VEr c&@lﬂﬁ@n@frm’ﬂ umwa@ G114 frb@ﬁlaﬁgﬁﬁve@ﬁﬁs ITSBlt: atﬂs@ei aled has the
the electrical or hydraulic systemor an air grid
subital triecl|ewhsrsesiaen of heiwigryatdiigh gpecds o*fhﬂ@ tggnerating power,

hlrg‘lﬂd Enesgytlie%e I ranc?tlci,/%%?r? &{ 1? bt$1@b n? Cﬁ% dqll @?ﬂg‘ capable of

raps romesc

W&hﬂbmﬁtef:‘bﬁ&bn@[ﬂélﬁ&i a Zofee Bhib o tdach @‘dﬁl&tslt@fapdlﬁﬂ ¥emal sources
failure or a breach of the connecting nain externa
bé@ﬂﬁswﬁdﬁﬁpﬁﬂﬁﬁ%ﬁ@ﬂg3n¢ﬁé Eéﬁﬁﬁhﬂﬁnﬁn design is

paSSI Vefge VESSE P(%eﬁ %{ec!t eirﬁlonll lso SR ucd) ger‘ﬂba% nﬁﬁe&ﬁ ggznﬁ‘;}(vebsels

air gri Wpr essur e

rckyshbld &t aesetr- opbﬂitlﬁﬂbnﬂls(fﬁ'ﬁlteﬁar&t\pﬁlﬁﬁﬂkys@em acts as a backup to the
| ow-pressure air grid, the energency air grid is

r édiigrsiaaetverad Lmqierwtgmrcmuéss@w@em n tb@w%fg cgi fige, to Higgarface and

| 6V\t’_u161rat8 éag% EOYB thil H%c},eyrw%teti,m(%%tpn F]Venﬁ P %}F éxg(geﬁv%taaprogulm onsystem fails.

st or agephe@hid1dad swrdck cavesyemet ﬁﬁa(‘shbféﬁt ihh@tiph t@hpries at least one
ability io activate the reserve buoyancy to bring the

vdedekll 13, ath\@aswmef fackerid, at lewst prad SrEeb odiineht. ¢t least surface engine
r t
L RO AR ok gk b e T R R e SRR PR .

t hese enbodlnents of the vessel, may be activated
through the filling of the main internal ballast

c ovpabtenbsitlacemienhfvgl ¢ellsThi s buoyancy is nnre than
suf fi ci.ent bring the vesse
g Tanh sht

C
vater . A" e BRoe st hybie: oo e agddf vuovaney
COPRI k@S AMoSTRINGAAEY Mi®R. Since petroleum—based fuels are buoyant under

water, using them makes it difficult to attain near-neutral buoyancy. Additionally, vessels
that move on the surface require power to carry large amounts of fuel. A typica! vessel
capable of underwater operation that carries fuel must compensate for the changing fuel
level over the course of a mission. When the fuel is in a pressure hull, the displacement

due to the fuel tank is fixed while the weight of the fuel will vary. The vessel must carry
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weight. In the event of the loss of the ability to
fill any of the main ballast conpartnents with air

whil e the vessel is subnerged, cthe energency drop
Wei219(008%8h be dr opped to bring the vessel to tRET/US2007/072978
S i fy | Dlvhed BHSey. T extra weight
o e R e e iy e weieh
drapirsehghd erehigub choaeitighveendugh such that when it is
dropped, the vessel weighs |ess than the meigpt of the
total dmBusEsche RAPETSCR BPFHIBAS BYIQIRSMPBE Gl ofesteliecapable of
fi ' ment.. T rgengy . I.ght ul iabl
5 S bBTETR Nincorn Gy R G, {502 MR 030 e variabie
t displacembghtuelaklld hep wagselis psssgrieat er t han t he wei ght

of the total anount of water displaced by the vo

_ A [ une
of t he Embasementsel the erbasst InvPRBON Qedheipickip at lsgyjope fuel cell 17.
i nvent i on, pr.oVvi hgnj fi t] '
TP BN AT SRS Lt T BAE S By oo

vessghis depRabhentaficlurdedondirees @pedl afab @ude Biiasflexible material that
extraordi nary anount of variable displacenent is

c resadleswithin gielnesi ingered debass dlor pothHe/eeer froddiovs Higiderile vessel. In
under wat.er.. oper at i .capabi l.ities, Q.f i :
T meouRa bt FEuBRARRKLHS Ficts Byl lerg et pump

t YRk Gahs SUhAGat GMBE toll Adtietiédpaluking thddisplacRih@at of the cell. More
proportion of variable displacenent allows a high

dewptereenters theowssehasrthbilisplagensemee theddl! tigediced ey g negjtes the need

c onents. w Ll not have a signpjficant eff n. :
v aSERRERS g st PRI ARG FPREL: R Rairemen
- UNgietvs Wb Him QRS FAhEy ddbil €6 rdd@ih & shal®dw HREWAA td Plah&® achieve high

surface. When the vessel o f the present invention is
orsptdreorsipefsadeceof thehwatoitledesired.| ar ge . .amount of its

vol une r.esi de ove the terline, jn.order .to allow

T to abfevepOBtb e el A F: bl BLR a2l how much
t VREGRMatldoh36&dCTRS dariab Ri GsgifREnt ReRRIERA & the vessel becoming
problens in attenpting to subnerge which are sol ved by

t Heauiei quisr balek astielsysted mp. Tsnthavesselss mest bupenhssitg it with a full
aﬁpve the water, the vessel's center o f gravity,
Uehiofd ' ts geonetric center of mass, is above its

center QfidiRYON NG Yee VB Gihy Be hNRIIBONRITLE (Lt E11 Qfeight of the
t he buoyant force acting on the vessel. AS the vesse

s iyl gesnendedinwat, epproximate yeligounds difireygn oyst beadled per 200
and crosses . its center qf grayity. Wen the center of
bu%i”&l%?fs “H@hﬁ@fm eﬁgﬂ?ﬁ%ﬁ%??é?@'equal, any vesse
woul d bg, AlenfhoRRdnt, 1R ves®S ERblisds YorREH bl dkpn@emeiffuel cells, two

rolling over since the forces o f gravity and buoyancy
casiadbardaah teb pert, witit ond foreamdend oe afy on dacheldeolrethisaamebodiment,

have the gbility to right itself if.roll r .occur

t nechriBotnreRPEYerer hist GpLbBRE PROSITON hagugs of desel fuel. In
C aﬁlg&iﬁld% e%hgi%ﬁg, Absidiily t\/hﬁ%l@fiiﬁﬁﬁé&mnt U BeBls W6 befused, and
stability tanks 4 nounted on the sides of the upper

b odyriantr displ3zmeanticl cetlo op drfarent Sizeeimormbelused.

In embodiments that comprise a forward and an aft fuel cell 17 on a side of the
vessel, the forward variable displacement fuel cell can be attached to the aft variable
displacement fuel cell by acommon fuel line. The fuel line may be a hose or a pipe, and it
preferably incorporates a one-way check valve allowing fuel to flow from the forward cell

to the aft cell only. This is done since the vessel typically sits on the surface with the front

higher than the back, allowing fuel to drain from front to back. Also, the vessel typically
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di spl acenent that remai ns above the water line as the
center o f gravity crosses the center of buoyancy

during the submersion process. The stability tanks 4
WeRAINEHSP | i ze t he vessel mhlle subnerged undePCRAS7/072978

as par of the trim bal |l ast agste

s DBy o I thHbthe ptke NSFUnGraR Pt b BB S RES G dpel. wis

OfyilPHQY Qifb%?/fuei n)ech?]tn I teYrdnfiKEe ﬂa&\empﬁlxngF%@ fu%plg\{ﬁc rear fuel
he water |1 ne e vessel begins to rol

Stcﬂb;l 17i eyucearite #memt bliehiftawtisi datcobf g’r&entye@slel thentS&ﬂSs on the

the water to provide additional pl acenent and
sPEBICE pREthe ﬁéﬂ%@%@w@m WK bR Vei*iﬁfﬁ' GHF®HFS ng over .

The poLntxtlB{I?y e?ltb()tdlﬂﬁel{;[g Gﬂ? agle %Fsg' %Qgtrfﬁ’el el £c Brhb@skown so
zone t emal Ns above the wat ne as the center
OﬂmgwaHB&ynCpE&S&&th&w&ﬂﬂbﬁﬁmpﬁn&ﬂwyancy provides
freeboard dlsgiacene nt that serves the same purp

In enbdbf HEHDE drRiAcHghate! rladnaydecardeih 8 BOTgHS SRy baffle
uBﬁ?@napt?xg%aP fe r‘%ﬁl tlggalﬁ h%p" @fn}{ {h@ég&lc% BB is relieved. In
't onal threat that

c @Hﬁlﬁb(\j\zlltnlantat i&lbgh&l’ m@enileomgfisgappbk imattlppero (Bdtéyntcma volume
Wor ksThe subj ect inventi on conprises an _ u

weoF ts vae&téﬁﬁnsplasqne%wé keli-ghe I‘?éfﬂﬁrnﬂ%?%lﬁ%) hs e & éfh%we peligg process
t
hé{) 1{% gﬁfe {Vslhsz Mt&%W&?lg%&%:ln%%ﬁepttﬂcest\ﬂ%hp %)Xneglf fol Rud liqper

assen
| at er alSinee ft}IiéD fegiid h@tr vesy dempresstxﬂﬂe t[haﬁﬁes@gxerdlfferennal between the
conpartment 1 and, in many enbodi nents, above

pa}gg@f@gﬁ eggwa:rl ttlp@mn&l_}_le,dhsp{aﬁ@meré Ayel cq-l'hcelb MW@}OS%@(&)&,T his allows
rek\S/arlagleCcraHJ chme%? E{Feq gﬁ’s {0 mglnﬁigpgll;lﬁ ent E@gﬁ\@@ %e§ tﬁ” Bssel is
neans, and 1 n nmany IT]D

odi men
n@ymb aated mnth the surface hull 42, forn1ng t he top
hal f o? the shell of the vessel. In an enbodi nent of
the present invention, the upper body works assenbly

i SErVes as t he upper exterior of the vessel. In
c

enbodi ments, the upper body works assenbly 37

conpr i 9gs fidnerid 6@1’&1&:6@ thehagiasip@ispleterdddt feheu!ls toahé durfaye engine(s)
tank mounts, and the freeboard sem -controll abl e

bail} &kt fuzbgred conpigsey y@b@ﬁ%t@@@lyolmﬂk@ faskli Wem opgfpel pump, at

I h ddi
?H%ﬁohal%l% lggigt]‘é(% gﬁf(Yg%’tZogie Vfagfgﬁg%g 1t|tr<§l’ t%el R(Q :51{1ce tklc vartable

| i @acehbRduemRtls ntai@ai RRDicnb EYsINE) rtlk@fu@ﬁﬁﬁe’itﬂf}fhegfﬁe 1 grid rise to
conprises conpartnents for the storage of Payload or
al

c @mmpteems@ mm kéresn smbbdimsnisxpeeiicdsoond wist C%@?guw@é rat the other
gﬁlﬁgﬁt %gnvgﬁ)%;gu nﬁ)l} %1%@?12‘[ pg%sgrlg\ii)%gl[ %”lu PRY pressure differential
exists in the fuel system. In alternative embodiments, the surface engine(s) 31 are located
in a pressure hull, maintaining a pressure of one atmosphere. In these embodiments, a
valve should be added to the fuel lines of the fuel grid to prevent the pressure differential

from pushing fuel into the surface engine compartment 20.

Surface engine

The vessel of the present invention uses at least one surface engine 31. Many
different types of engines can be used. In many embodiments, a combustion motor 1s
used. In an embodiment, a diesel inboard engine is used. In another embodiment, a

turbine 1s used.
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Any appropriate decking may be used in the upper body

wor ks assenbly 37. In an enbodi nent, the decking

i ncl udes an open recreational dgck and seating space

W@rZO‘k%@ggéﬁgers In an alternative enbodi nent, PREUS2007/072978

decki n es mani pul ator am s 55 and.

wel |'s 8324 ggéﬁwtp% BeSisGrni Baneter 9?1583&885 are used. 1

\Mahl ﬁtehﬂ%v}{ec%ﬁﬁldnﬁ&t 3%”?19&1@1&”%&&’\’%%@ ch&n@s are used. In an
further alternative enb ment, the decking T ncludes

meurbbdtnaeaponsbind endinescae taiinl 2ot bdiserentes gngdiles. Uppealternative

body wor ks assenbly 37 conprlses rmor plating. In an

e FBBAH TR, ﬁ? H@blﬂﬁﬁ‘é’r‘m’éé‘éﬁe%@r VOV eBingps o

conpr i Siﬁ% %&%nt@ %prtesm%rntﬂ@/ﬁl s Eéﬁelfte wGRPAL Hthe vessel

sensor an st orage muni tion many

erthadg B’l’ﬁfﬁic& optratiteisianieentl ilosepbiver pyp P tbstod chyal Vwmglst of the vessel.

assenbly 37 conprises hard points, whjich are used f

i A& OHer 5tnbeﬁmaﬁl e PN Werghd rier (Bl%‘élsir‘mrt %Ce@@ﬁfaéuogés at least 1
h%\é?seggxlfvgr %trgﬁl(f&nﬁﬂ;tﬁer eg{boqghéngg rth e@'t& welhB R (ﬁ@llng surface
powWer, or raul ower dN y

ervpediiorns st 1eﬁsh1& }Sampb‘ﬁér A E)xllbendhs ﬁ&bxax/ andetB‘msuwa &eeower-to-
engi ne conpartnent 20 in the rear of the vessel The

s pmlglérrati@ wEE Pelaersyraionds Ablget orsperamar 10

equi pngnt g n ) -
other At B iRt 3B cooltne SATEME Sk m%%m requiring
bentoaft gdssaet tanpasaioas Ia i Vberphtmeemﬂmdhrﬁertthﬁqa/ e@$@le engine
Is under water. In a further enbodi nent the spoiler 10

i sompagmest 20 Houriesshiy Ik abd poialvaiip ussdraklosay @eHagsystem off
p I ny enbodi nents of the subject invention,
qﬁnﬁtm%ga%%dy wor ks assenbly 37 conprises nounts for

stablllty tanks 4 located aft on the vessel. In an

enbodi nent, the upper body works assenbly 37 includes
mdditdsiveor at Ieast tmo stability tanks 4. In a

certai n[l'be sg% nign{e?]e gonrﬁ%u 0%3[1{)8 e 08 th etoﬁpsll_ggl oté){het s%ntléée engine

may be Sp ort

t h@niRR&tenb2s Amfak@araﬁfaaﬂ‘@ byt &Rf@‘é@ﬂﬁfoh@%ﬁo@n fnrta@mﬁfagﬂ be used.
di spl'acenent zone. The freeboard displ acement zone

i Nolcadels canbodimiento et dovésadst esdshal | ast zone 9 whi ch

callows limted water ingress while the vessel is on

the surface but conpletely floods when the vessel is

HcoedoiHbdenpah@. The freeboard di spl acement zone
|s substantialTy enclosed on all sides except the

bott om Tlpfr gvéae |engnqmqmmm1g¢r5rﬁﬂ| prbteaisolmsurgte wagines 31 and other

LG TR N -
freebPan thahQRELBARNE, WBLEITadc®n@iet 38l Mtintda@n the surface engine

compartment 20 and then bolted onto the vessel later, allowing for easy switching out. In

certain embodiments, compressors and alternators are mounted in the surface engine
compartment 20. Components mounted in the surface engine compartment 20 can be
removed for repair. In many embodiments, electronics and other components that would
normally need to be kept out of water are mounted in the surface engine compartment 20,
allowing for lower construction cost and improving fire safety by keeping such
components out of the passenger compartment 1.

The surface engine compartment 20 can be constructed from many different

materials and in many different shapes. In an embodiment, the surface engine
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surfacing process or during a storm but. only allows

smal | anmounts of water to enter when the vesse

operates on the surface. The dgain resides above the
VWH?@PﬂWﬁ@“durlng typlcal surface operation. WhERTH§07/072978

vessel is brrer under .wa e ard

conpreriy 2 roma E9f 4 gl Tl SBARALE T g Tastce (NI
sl ¢QptLalhakl e bal last zone surrounding the surface
engl ne conpartnent 20, and the air purges via one-way
fIappehqmabmmﬁm@nﬂaﬁmthhenﬁmpemymﬁnmnhanmmsﬁéhmhsxmmﬁlmg%t

the surface of the water, the freeboard .displ ace t
zGke! pERlicaEs! frerB ATy ffes ! éé‘éﬁﬁﬁie“gwnﬁaﬁ%“e\%geﬂﬁ surface
[ f tyar ._he e .
B e T e e
Waisellled | e oaferit@tiBe s@SLERARgInt RoMp @tk 0diypicaly rdqnires weight
alternative enbodi nents, the freeboard displ acenent

z bw&eﬁag/cwgw Adjugewitnig thd 1¢r tapsllp C@‘b%“@ﬁﬁls%tﬁ Erseht dranges.
al | ow 31&({; P rg'?)cgsc e%ggrrnlgg gnt.clj% n’icreas %%d sﬁfwa/ Etethe vessel by

one-wa bod

as§RAMMRINY (R ciBYesbmdafyl SPHaRe ﬁ@ﬁﬂotﬂ&ypzbﬁ comstvesel adeloding the

any appropriate materials. Exanples of materials that
mayssbegen seaparinedng d e This [gesag deysers darisoaf friwerdue to fire.

R R e T L R

URpBpeRady Slm{éf§0@ﬁ§@ hiel Mnﬁ&ﬂhﬁes@@’@ S&r‘h%i_ saekdWibBersbepod keeps
same material as the surface hul he size and

s biapeycofll whightup rerveboatifown pickal @s@ éqrrbhcysL@%cnalyglvawnpartmerlt 20

ndj e mai.n fu .ion sir vessel . .
PSR Sl TRl B BB B SIp T SEREL cveme
Sl a%%t%hqs%@ 5@&&1 V@hR 3E 8ALES: &aga@sopﬂ,efveg@b@@m@m the
di splacenent during the center of buoyancy and center

ohn@nmmﬁhyumméﬁso@dhnmhahmucﬂuwsmdmt|ng a dive. In
anotherﬂenbodlng % t he u dy works assenbly 37.is .
o ven: & TEHS KYRPOE B SHABS BRI o R gFbat e cneine
V%gﬁlﬁgm%aﬁ%smclhg 24h Qxlnf)%ﬁpéﬂlé Ye%d@r@o%g%mblelk Q@l e%zﬂﬁf 22 can
body wor ks asse Ty 37 1s sized and shaped fo
aesﬂmetempam@eﬁﬁmeﬁhnm&QOKHMQ.ygmamapedmbumabhmmnéomnpmbamd
better view ng fromthe passen er conpartnment 1. .
afdrfaggronge émEﬁ@ﬂﬁ@l@;ﬂs{we?H@ PR (ahBiPe &ﬁ%@&%‘@ﬁﬁﬁﬂé‘ long.
S

o SR B3P TR el BB SRR cr M ARl WS openat
S I’[Eé botroests ehe fecpadldseofi-conaeiahitarl awnﬁreabtromndlﬂ'gthe compartment.
vessel typically carries enough fuel for |ong m ssion

ddnsafler 8}? PIBS: 13 WFath O FoaleBIZ8§me iBoUnicdimin 2R Frapodyaent. theee float
trq%%e?s %rng&(l tv(ieac’1§de£ e-gbﬁ %iaecu?‘%&ll fr%%ﬁ’e H@xst 6\hﬁ ﬁ%k:lo't ta@fout three

avel fe"'Surface o e water hi"g

V\hhélrf%s g&mem&bumgc}&@vm the ambient water pressm e increases when the vessel goes
under water. water rises up the pipe. When water passes the first two float triggers, two
electric switches are closed. When the second switch closes, an electric valve opens to
deliver air from an air grid, such as the low-pressure primary air grid or high-pressure air
storage grid. The air from the air grid is released directly into the surface engine
compartment 20. In certain embodiments, a single float trigger and a single electric
switch are used.

In many embodiments, as the pressure within the ambient-pressure compensated

surface engine compartment 20 becomes slightly higher than the exterior ambient
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recharging batteries, and regenerating air stores.
Typi cal small vessels capabl e of underwater operation
rely on a mother ship to reachya dive site and on

‘EQ?@PH@&“Qources for power, battery r echar gi ngPCE4§2007/072978

air store recharging. The vessel of t
| PREET -G fosceamslT st Ware I%aﬂreﬂﬁﬁg&éﬂﬁétﬁ%ﬁ%t drop and both

v §\§1§§16§ r %Qﬁ Bl i %fthew Sfer 19@@5 ahbMimedBansHEdiaGRe, trigger,
propul sion systemacts as a to the
bp&%ﬁﬁys@ﬁmebedmmmd@nmaMemnpmmputsj@numysnemjmaqﬂﬂﬁhﬁmdﬁ.

I tot

LS IE NN R TR CORL AN

p{h%R/légs% ?)rboﬁ%)%ﬁg{t;@ ffoff"tl)v e§ 161111?12%{1'&{ e} 1gsfir'c§nft %?suﬁ@zgtoﬂ%tfferences
vent I on conprises | east one

f bl@é tcC ﬁlstanil;g froat tHe%tSitetQﬂﬁref teaberg2d. diachti 2l eh&te thadrigger of the

surface engine 31, at |least surface engine gear 32, at

| ambtenperae e aﬁés arpggtidlitipnal @%ﬁt@vecm@ssgtlg,dpfgé@cg,qépppéoxnnato

o@g& ! tlrrc%nt a\rzle(eglstg X?ert{ftggelr %Egnxlg rdgel gl’? {%{6%1%1?2 %‘% é?nbodnnents

”Uﬁth:%ﬁés@hﬂnﬂerhiéﬁ)/@@l@&mﬁ@)h@ht theliasiag nalhff@&dwm—wgalaedrelsyo has an

neutral . Since petrol eumbased fuels are buoyant under

waitdependgsi mggt kidlre ivetlew i to dintficult to attain

gﬁatr ;]2 é’lh{aﬁg mHO n%rc]:%‘% théA zgtgtnenfcn éte\éderlpg}?e%%lsgtﬁlwoam\fﬁe top of

e require

f el pipd If WRiee ?éhcl\/e@i’elﬁﬁ hoﬁa@a@hﬁn@fﬂaﬂﬂ dﬁh‘g@fﬁ &l orope cakittdmpanel in

that carries fuel nust conpensate for the changing

f e paseongbr @mearttrmt lcladmeetengdhatathW@hteelnpremn@lﬂﬂtq@@pwéttlon grid

ressure Iace

£ usep&t %ﬂ ey £holl 3\}\7h lpée\ffﬁlg mtp suhnt 0 O\yate ltea%ll%eesl I%BS?P[ the vessel

VaEdending a¥ € $8€thaMisbo Ea?[d s lﬂkﬁé‘ étrﬁbléﬂttor\é@h@rhﬁr donpensation grid to

overcone the buoyancy of the tank when enpty. This

exct)maelmtegm arse/@tamrleelfwmtleﬁ dneragy of eichownedlarie aBlos ef the vessel
ﬁg %gssel of, the sent invention is unique anong

siaft

GeRbs 4y desegihip)t I F¥#Under water operation since

it is abhg R veadel ¥ A thab@eacmPUIY weler, fauht onlhe ambient-pressure
vari abl e di spl acenent fuel cells help nake this

.pmssmbhauaimm@dtﬂgnwsommamMen%Ubwemnwwmveﬁnn@nysmbﬁéﬂwnw the

et s e e SHEs Mg et ipgr20y i PTpotiment, a snorke
\éi%gét l€ ﬂhé@#@gﬁ%%wf HeinC8bthp arﬁ‘né’rﬂrZOatgltﬁode air to the surface

acenent fuel conprises a fuel bag made of
f Ieegnnbt; ehmmatlenicadel shatlerrveserdes vant iivianthe Ise’fercal n

i nt ernal_ ball ast or within a free- fI one

the veaSart e cnshy b At e ] SRR HEE S gt on the
Fsupadd ikl & (?Tﬁtc%s'eal PrefsufiUed aiP Wle‘é&‘athe ambient-

the fuel out of the ce as needed, reducing the

dipgglsace gemnpershtet hared lengikbr @ nngdrencne ke fisnt h]lee wasged. [n an

as the displacenent .of the cell is reduced.
nee@ﬁp@ignetﬁg hydragic rams and a latchemg system at Ltjhe top of tLe surface engine

compartment lid 11 prevent any positive pressure from opening the lid 11. The surface
engines 31 allow air into their structure, resulting in no net pressure differential between
their interior and exterior.

As the vessel is under water rising toward the surface, the expanding air in the
surface engine compartment 20 will vent to the outside environment with no need to open

any valves. In many embodiments, the vessel has sufficiently-sized air egress piping to
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for additional weight to attain near-neutral buoyancy.

This | ower weight requirenent allows enbodi nents of

the vessel to retain a shallowgraft and to plane to
VERINNE88Y) gh speed on the surface of the materPCFF32m”m7””3

ot S am b T RS MR PR e
ofir bRRAEChipihh e Matidaldl it SRl pasBRteftuekerGirhSoh Qt&ﬁ’piho

t he vesseP Becon1ng heavi er under water as fuel is

used uiﬁ mfrtyuesaboﬂheemmlseedm @cm@nemwaﬁme@t@m@ld &5 lggiated above

2 adacasy™ 2t S0 Pisg’ eie Tover Biteend Mg b ey ThRgu VBN glRd outof e
| Qe %@Qg&dﬁlﬁtmeﬁpﬂﬁ QEXJ @ﬁ@ @év)éloﬂ@gl (ROHNA$, iakte¥Bd Bitter coming
nmust be added per 200 gall ons of additional fuel to be
addeukhmxmhg<uegsaM¢rwaranmemﬁmduwédﬁ%&thé%ﬂ%sseﬂm1nwn0rand
conpr.i ses four variable dis nen uel cells, t ,
sF’étFB%‘?fdh‘a%[dW\ﬂlgb%er‘fomwr‘tnﬁe“é%@ Sl aue v Pore. 1 the
0 ! Qg Il R d
d?ggﬁﬁg%ne tm?thh%éﬁFqﬁg dsgggg?oglﬁgfzﬁ£b12 %“mF?é%sqﬁhOf
offaiblire S&k vEyel would oalytrequat a smealbmboditenehirs, tc ﬁmﬁe‘e or

| ess varlable di sp Iacenﬁgt fuel cells be used, and
var  abifecRsTRORRALS FLGF PRl &G Y BF Bl G hmparment

n o
g PSR AR RO RSt A SIS B SO i requires
f apwarcdmypasa@ad] mdds spifalcfermesssel§ thel witlegdolto eatmerbely deep levels under
attached to the aft variable displacepent fuel ce]l Db
aw,aéeﬁn%lﬁlmevler |-pfilectrRevalyranust bﬁgﬂ ﬁ*&f/ﬂgé(’@p%é%@méhey exhaust
[ L 2
D arSen APl e BRI RN IRRERRT. Poias o HafTiRe U1 ensine

t kemahittmes| theomdiyht éﬂhﬂhs vzssetl mecassésnde tohee vess ebr heavy material
typically sits on the surface with the front hi
t FaPSURISEOIb a8k, 2 BPNCeRRngT eoBndi! desdeh RS EFOR anf ghrough-hull
b e L¥p 0

D35l o BOEHETPELCP BHLNTR) KRR AL B, o
t Ratfuy Q;'hafti os Wel bur@dcsoergile@vd1f uekt hovednadpecihl erastireresistant
front to the back. Tra plng the fuel in the rear fue
cé’Y%t@”U%l?t sed dlhseesthehexibhs priss e hyh praing qoningeimsah g cogpect to the

¥d£%3mhlle the vessel is on the surface and the

cen er' of buoyancy when the vessel is underwater. In
many emnhegdingembsdintdnes, Wdtﬂbheeschrsmm@@é@mthfslaﬁibldepfesqure air
are anchored down so they will stay in place despit
t FempepwbyREty. Tiel EFaates DressHEs seavicabiien ayhsy he é«ﬁ@ﬁk is at depth
fuel, cells r
rettlet 51 AR YsBBubice] FLoLb i ARUBYScorRRpHRY HR AU Sucrtight.
ori gi nah af BAPKIIMEEE2 1the otagrdnSmiselohemedsed dh eath surface engine
enbodi ment, the baffle material conprises
apPr ewiiresa ela) ofi DIHGft-lbkef tonquerdelivergdiathepropellers.

In many embodiments, a tunnel from the ambient pressure surface engine
compartment 20 houses the out drive shafts. The tunnel joins to the out drive housing 23
forming a watertight connection. This serves to help prevent water from entering the
surface engine compartment 20. In certain embodiments, the output shaft seal is protected
by venting the internal housing by connecting it through an attached gas tight line to the
ambient-pressure compensated surface engine compartment 20, ensuring a pressure

differential of nearly O psi between the internal pressure and the external water pressure.
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of the vapabl e displacenent fuel cell. The baffle

material helps in the refueling process since the

cel Is automatically expand wheg;the systemis opened
WeR0PA0%8Pi ng. Since the fuel is not very PCT/US2007/072978
nggiﬁ%flble the pressure differential between the

| and exterior of the variabl e displacenent

fuel cehd bl MEENM I iRSBIdsAt Rast ofb1hiS gAll v hfi®e used to provide
vari abl e di spl acenent fuel cells to maintain ambient

prie gsagrteinpaen of the vesssk éhe sub) ®ummrg:ewsesnhle afrigaid ogpluelity of air

connects the va ahl e | ac
sE ¢S YR dF‘PFéY 3 %La“‘frl?fép ﬁ%ﬁ?% 18 0 @89 ‘81’611(“815&“ store
ORgic K HIREGE Eh\éﬁ t}tplt’ceall sthhiNGossdd calpﬁﬁl%'bf Qﬂﬁ:r&/h‘t‘%} oI Rn. BHe ability to
| east one refilling port, and at |east one valve to
c enter latgefansduntd eimir Slavcenvdinents abihe ndésspll iagerentto purge their
f uel ?Ils mai nt ai n ambi ent pressu t he fuel |.ines
of“atrmé‘ SPTRRTTEIOR F Be T B ARBIERTI N EL L e s gy Grparment
{ e

£ PRl TEur! S kS AN pRUIAAEE, SRENT S Brihe e passenger
amnhﬁ:n'tmepﬂ @gs umbiepodessaredf dwsirpd, @fswrserfekifabememtthatvent of power
exists in the fuel system In_alternative enbodinents,
tﬁé’%ﬁ?ﬂ@é@ﬂ@ﬁg@ﬁﬁﬁgvd%b%*ﬁ?@ﬁﬁ%@B?%d in a pressure
hul |,
Chece SHUDFRIATSor 1 GRCUCE,EpOBR: F TRSARGEE plon o vr
| iipesd of t]iehdlfé gedpogrdystetne bp trevfecttthdt hieeypomgg sarryea Ilmlted amount of

differenti al fron1 pushing fuel into the surf ace en
c @@fﬁg}p figgKie sobbesy lalp%ge %eﬂ,éeqtﬁg egg)gglélpenéﬁo tlrpres nt mven’uon

. &)?ee g:tn]g:?fglyl@ ngi %Eﬁésetch Bmag 39ke P18 a@ lé‘itﬁ:ﬁx%% i %ﬁ@r@s]ource, in

erent es O engl nes can De use

2 em’@@dbmkﬁrryﬁgmﬁmmsmbﬂde notubbers sindgede okygeanTl is decx eases the

enbodi nent, a diesel inboard en |ne is used. In
ar*%éltOH%IrOfé’h*f)%%%éﬁf at guusirepisie Whale theerpsich isgppderwater.

ermbodi ITI?HI ny e 8?1459 nlgso RE I‘Bﬁ%{ 1n@l31’1?t§c§1| h {nn@r ﬁ@ﬁ%{% systems.

engi nes are- use n an a rnative enbodi nen

Cylihesedgric aystsiapednd bighiph@sengimesrags eridisid emkryeacy air grid, the
enbodi ment, the turbine engines are each 1, 200

h @ﬁ@@@@wwﬁ gir ﬁ@@pe%ﬁtl@hgrsﬂ therpraesn@ribiso b GTEAR embpdiments, a

Eg? A I&)rr]e?ss n‘% 31??%% rlﬁa"f‘{{'%éncfl %ent ! on’p Béf‘ﬁ{ter‘é&%[‘t%é and Ray share

PQYRindnQeyRirgRt ratio of the vessel during surface
operation is at |east 1 horsepower per 50 | bs of total
wei ght of the vessel. In other enbodinents, the

p -t 0- el t] during surface operation is at

I%’le CSLHeagQ&HE it 35 I bs. In other enbodi nents,

the povelk-iighWedsghit afradtbragd uiid ﬁgrn@tiﬁefsae(tGez&p@ﬁﬁhlgﬁlrpmsSure Self-
at least 1 horsepower per 20 Ibs. In further

Iﬁ@@am@hlﬁg:aﬂmp@Agdﬁ,@B&) GNBPEFRTOT 34 and at least one high-pressure SCBA

storage tank 14. They are often connected using hosing, valves, and regulators that are
known in the art. In an embodiment, the high-pressure air storage grid compresses air
from the surface and stores it. In an embodiment, the high-pressure air storage grid stores
air at about 5,000 psi. In certain embodiments, the at least one high-pressure SCBA
compressor 34 is located in the surface engine compartment 20 and driven by the surface
engines 31. In an embodiment, the total combined rate all the compressors operate at is at
least about 20 cubic feet per minute. In another embodiment, the total combined rate all

the compressors operate at is at least at least 40 cubic feet per minute. In many
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rati o during surface operation is at |east 1

hor sepower per 10 Ibs. In an enbodi nent, the engine

cooling systemis open to the water, requiring anmbient
WoeLYMESLonpensation. In an alternative enbodPREAB2007/072978
the s Hrface englne conpartnent 20 i.s ressure hul }

2 APPR e eSO BT AT TN B e RS TR %Eld%&aaw Yy from the air
f r‘[l%l%]hg AR %rfw ke dFdi¥8 aRBGIRHID @Es%rce{}‘xg &S| laﬂave low levels of
connect to out r|v s on the outsrde of the surface
emghmamnnmEaﬁin@nmnﬁﬁnmAmy standard narlne out drive
commonl yknown in_th

ar
embodi A8y eaﬂmdlmerl\se%w é@éﬁ&fé@&s lé@f rhg %e’f?fﬁﬁsﬁlée air storage grid
C r t t

R e R ey e Pressure
f sQeh py £98UDHS. Emnadr cvm]b(ﬁhmleﬂt thestoaih siegn chfreity @ a8lstdrsge tanks is
at depth under water. enbodi nents, the surf

erigPes V@ cubicelesto bh%“é’éhql 7 AMORR i B8 Aigiase capacity o all storage
c r.

aﬁ% 1%1 gﬁ?ﬁ 5 %@g gnﬂg tv&ge? 2#?@ a8 %toqggegcdg%?tl} g? ﬁﬁl%d oﬂtﬂy the space
enb@ﬂﬂﬁeﬂiadmﬁ@m@E®a§©namand alternators are nounted

in the surface eﬂgrne conmpartment 20. Conponents
erunt ednichrta hemeefmaels. féﬁé‘i%’r‘epléﬁﬁ’f%ﬁ”tsﬁ%ﬁée P @arpepged through a

eéfﬁ vhiQL o rgﬁﬁl e ex a T urlqgi%gé,npﬂ%l?tan &€ B&HQ 'uge% for divers.

er conp nor ma need ft
kept out of mater are nmounted in the surface englne
conpartnment 20, allow ng for | ower construction cost
ad&ﬁﬁ&ﬁ&ﬁAJﬁﬁilre safety by keeplng such conponent s

out of H!:e tnp %%%ngg % ri ¢ RIRAL ﬁr{?esn 3 f01 tngm*?rl‘lgrfv%ﬁggﬁg U Af provide

conpartnen e COﬂSt r from nan

Medietol thd Ses@ddth 1o e ety f difsten enturs b]ﬁpﬁﬁaquirﬁ rerelectrical or hydraulic
enbodi nent, the surface engi neconpartnent 20 is nmade
ofpcavaid® epdrak- with a hi gh National Institute of

Justi ce (r?An‘g/)e{ItDQCrh%laegw} | g\ emer&?ﬁg?&?% ({r{ﬁgmqgg%leasr on%emergency

enbodlne e sur ace engrne’ co

S aeeide hinta8R 38 whickadisdiatf @6 MR ot EstoTe M oth@faielrid systems
only the passenger conpartnent 1. The surface engine

_Co"r‘rl‘p?afelsm pttankOreeavesadis dmb@g threreglaigs procesgsde ,abtpry vy walve. The

'Slﬁx?%gﬁ) g’nﬁgﬁn%%‘ %&ﬁ%eé&%%% 1r§813{R§81%r}£? Fe xlvn gankht% the main internat
weh ghtt dufes e usinaRgeses Adro@etmmbﬁnemrg lhﬁ‘)vﬁi rﬂlehe art.
tanks 15 can conpensate for wei ght changes. The

surfac elnemgmm embeshipgntsrehteasiooneneqedlgswedver hdoegd i1y thefpassenger

t he
con\l/peartment E) of the vessel which can be opened manually to activate the emergency

ballast purge lines. If desired, the pilot of the vessel can open the at least one needle valve
to inject air directly into the main internal ballast system. When the vessel is on the
surface of the water, the emergency reserve air tank 33 may be used to manually purge
the main external ballast after a dive.

In many embodiments, the air of the emergency air grid is stored at high pressure.
In an embodiment the air of the emergency air grid is stored in the emergency reserve air
tank 33 at 5,000 psi.

In certain embodiments, the emergency air grid may be injected into hydraulic
rams through a special valve. If the hydraulic system of the vessel fails, the emergency air -

grid can allow the hydraulic rams to function as pneumatic rams.
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separating the engi nes and fuel system from other
parts of the vessel, including the passenger

onpartnment 1 . This greatly lgywers the risk of injury
‘8960996")?33% In many enbodi ments the surface eﬁ@?ﬂ@2007/072973

conpartnent 20 .is a i ent - pressure c
bt b SrCpoRRR Do EHECY S e B e

S gi‘?ﬁﬁﬁ{fg N 1@ ¢4 I@@ & ﬁrotv he aﬁH@iBﬁ‘l} i e Hrin®dry bhe nv&es %%'1 e air.
down né all ows for the surface engi ne conpart nent

to be built with flat surfaces. Uilizing flat

surfaces allows the surface engi ne conpartnment 20 to

bLOYAREsS W PRARY AZHE ext eri or confines of the vesse
reduci pg. Touﬁﬁ)l%gﬁlxl@{}nﬂ%%r Jd" 8 ivek X8 o %h@@ﬁﬁ%&hre@ir storage
n man 0

the vesse nments, the anbient-pressure

c grip etosat ethks Urfca gh@rtgsmre stooip aank sreorinc20thrghuldes-regulators.
anbi ent core reader 22. e . anbient. core der 22 can
conpri §ba“§nﬁ10€8@e‘81°f BWeﬁébJﬁ’ﬁ dmteatey B e t‘; PARIeUrCPHgary air
ary e

A gﬁh i t4;(r)@5 %ggagxivﬁ Q ﬁ%ﬁ%‘%gp%e;%t{ grﬁf\%é\eéé?l'hdel@? Sand connectors can be
appesex itdTgit e layhi diier |pﬁfmgure Tifidespiepeupi 1 tbppresatre bhehethogh-prossure air
the inside of the surface engine conmpartnent 20 and

OPEfC™At the bottomto the free-flood sem -controllable

bal | as t

oi pe, th gq%b ?\Q{l)t:s] gk"?\lg ﬁ? e%t Irﬂxlev Sﬁtg{fp ?HSC 1% €SS d\@?)hgl%}lalﬁ%nd purges
e ﬂﬁhﬂwllﬁﬁ rRbmphiuhestsf feaatbatteiygges sf mydo gﬁmml‘rm@ caaginar sipplies the
each separated fromthe next by a range of about three

| RAHERSC ARSI ANb Ut Ll IAR 0SS SYSIREN-t HIPPHADI BhtPajRepes compartment

pr,
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t Wothklagdient prieg@es Sir cdnenedtaterid Cn switdio kebodimend, ths uolv-pressure
When the second switch closes, an electric val ve opens

t OriEErY sieeridperienslkef these ta@h; d, such as the

| ow-pr Vol %fl:‘ﬁagn %{ﬂllogﬁf er ralrng el low—gnjaésglrrgéﬁﬁléﬁéﬁi grcxjd 1s used to

g{l 8 Connected to the

st orage romthe alr

d |ditﬁgét\7llebterlffd>ﬁ10thfefﬁ>@11§dﬂ bémpmm]gg dfehcoapgpkttheatd &Q.dienThis may be
certain enbodi nents, a single float trigger and a
S|d|<?g13 ahen de Fesselsinirising %l}delslﬁ’ééd)01ﬂtd“$’rd??$o% eHrFsh o5 the water.

2611‘% 1?0 %% 218 Jialfc W M v%% Mrd Hs?edafgblle%g% errer?‘q;ﬁ tg émmary grid into the

nsa surface ‘engi ne conpar

slseedMdhyy vailgdaer than the exterior anbientpressure, air
forces water out of the ambient core reader until the

f1 oat s lamepy embodioteh s tHRISSSUESGEERATY AARHS pyIpIEes gecfric valves

fl; O\g% ?!ar‘gterra}ll ttu ersn%{/ uYe th%mgﬁgr eg%mnr?e tﬁlg)éalUc %?I:ns %@Ar?(a%ca lly, and air

ressure sens

t hego v ihtoGR b MR SBEl aﬁeﬂoﬁz@&lﬂ Iathen thi @n @Hssurb h ﬂK&BMtery tube reaches
enbodi nents, in-line down-regulators are placed at
var betasn prsesird. onehask vahie & desether endcahiierkaser fuls opens, thereby

8:/\?651%{\) L SR zléldll'ozggltl kha?may éJ\!etbeggpro&?c% RIEPRY f)bt%e% &h%ﬂge process to the

outside environment. In an embodiment, the certain pressure needed to open the check
valve is 0.5 psi.

In many embodiments, the low-pressure primary air grid comprises a gas-tight
line that runs to the passenger compartment 1. The gas-tight line goes through a valve that
can be manually opened or closed. When the valve is open, air is allowed to enter the
passenger compartment 1 and can be vented through the passenger compartment’s

dormant relief valve. This feature allows the hatch of the passenger compartment 1 to be
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due to distance fromthe anbient core reader 22. Each
12'" above the trigger of the anbient core reader 22
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SV%F% eﬂgﬁggd%gEP%‘@ﬁ@“&ﬁ??%@%p@ﬁﬁﬂm@réﬂﬁﬁﬁﬂﬁﬁéﬁ@mgﬂthﬂfd
t r.oMi ' Q11 £engij t he ssel
e aets A D SRR PO RRd PR TR FREBRL o stay
vesselwidlg fon Idher puribd@ce @ne 1akostmit QogdidvigedRide circuit, a carbon
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| diogdssEubben el A ABIEDE S FigPSaseac il rdinginadecreased

amhj r€~ t face,, Le ar.t ment
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and a hatehémigodiyshen asmpisor P woéd tiejsrdacene el NBsenger
conmpartnent |id 11 prevent any positive pressure from
ofeRPHE K d- Thepapsengpromparimegrd iemgintired3d aminfcowl micssure ol one
[ Lr st ] « ulting in net pressure .

ot PR e B G ER bl B B BT PRT 3 o sgpodiment,
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veny of @picdiasCeditic 4 AkE-BE cometiH. ASCBABELRNEYmay 2 uBRMh cach
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paver eaipicels ippdhe faw-nessaire pimpnsiiogridtiside pt kmbilivahamyort. This

e%?&% m&a@ tQDtsﬂg S rofnag ediv%ngir qc?ng%(r) T")Eralg JTER ttim\éetp} ol/érgoming the
I's located abov

restriction of typical small diver air stores.

Ambient-pressure air compensation grid

The ambient-pressure air compensation grid provides air to ambient-pressure
submersion pods, chambers and compartments to allow them to maintain ambient
pressure and avoid deformation and water intrusion when the vessel is deep under water.
This system provides the vessel with the option of being constructed with materials that

are of lighter weight than would typically be needed to resist pressure. This system
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speci al pressure-resjstant watertight seal where th
e%h%t SPREES PR os apgient @ﬁ@%uﬁ%‘ﬂ@&%a PP AORRE g%/ ambient-

rEREOME ¢ gﬁéﬁ@ﬁxonl & W%amg I MRALS ambiat Bf‘éESLﬁlé ' Y3 further
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grenthodfhég, the avbidesprpssesstir @ngpengeeos gid dawvwhefrombikee low-pressure
vessel is at depth under water. The standard seal 24
orPTHNAY 3iT&EId- out drive common in the art is

g&“ﬁﬁﬂt{:o %eatdg rgéé a ;?1 ce of pipe mounted

transmi ssions are used on each sur?ace é% ne 51,

gl weirtigh 118 ins@deahe MfibiSnt4Resshite-dohpeadatctl onidiice elﬁ@lhd c\b@ﬂiyﬁzdnteﬁt 20.Inan
the propellers. In many enbodi nents, a tunnel fromthe
armmlmimamte@g o IsspproseBatehgin éorzgoﬁbf‘awwﬁpew thpigg &the inside

o% tg R ace il %h %f%)}nﬁartly&% id"&?ﬂe %qnl’?e Igo(?tokpﬁ t?mHttr ﬂood semi-

drlve OUS ng mng a wa connec

sedoredllhile Bﬁla@t Aheveriundaicahe éd}@[mrt@’(ﬁne Mhside thdﬂplpsm’tﬁeaﬁ&me float
engi ne conpartnment 20. In certain enbodi nents, the

ourigaer ishaguntesle &) an §mbga@t@1e€@1t diresyilong Htaealy AhEquRicdrang) are each
r?slrjtla?a ngadb C %ge%%) t(bfr e%%gpth?& ﬁitﬂeg%] glgc]ug qgmr 1'ngmats As the

Yo%

enzﬁhlﬁh@nﬁ%f@@ﬁr%iﬁﬁfétm&@aseg Kkﬂiéhltlﬁkgv@sd) lg@&sSuider water, water rises up the
differential of nearly O psi between the i nt erna
prigsuVacandtiar pessetheriival twinflest tpeeass iwe chickicgwigdes are closed.

When the second switch closes, an electric valve opens to deliver air from an air grid,

such as the low-pressure primary air grid or the high-pressure air storage grid. The air

from the air grid is released directly into the surface engine compartment 20. In certain
embodiments, a single float trigger and a single electric switch are used.

In certain embodiments, the air from the ambient-pressure air compensation grid

is distributed via an ambient core manifold which connects via vent hoses or piping to the

_pods, chambers, and other components attached to the ambient-pressure air compensation

grid. Vent hoses lead from the ambient core manifold to all of the components and
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The subject invention includes at |east one air grid
which may be used to provide air to certain parts of

the vessel . The subject inventjn uses the air grid or
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anounts of air allows enbodi ments of the present
i mvigatinbrent@rpovaggokdhei r mai n ballast conpartnents

pressuye-co ate thejr sur f ce en

Compar FHERE BOPAG Lo donaR e e e ORBAREAY il becomes
PEIQMI] & oh tﬁanstlHQ E%ehoxoafmm&h@g:s&h@ aﬂ%&%@@ @t’ér out of the ambient core
cornpar t ment nbi ent pressure if desired, allow
swaﬂac?.é nasbtdalaﬂoats dlrdsmarei\ﬁhmmzﬁﬂlemmmn b a krydzrtala leimbodiments, any

|Iur and provide backup |ife support
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sygﬁens EV the fact that they only carry a limted
anmount Aethecasdebimscdit@xird ehesarfadelydres itandngumetaoxygedsrior ambient

certain enbodi nents of the present invention store

r BrewARHPId ua\fv?tcws%ﬁqqsgzsanprt'l}ﬁalrdﬁylebgim%rg Pressurgir comperisatior: grid-
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car IOXI e scrubbers and pure oxygen.
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whil e the vessel is underwater. In many enbodi nents,
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ng{ltx@%wn{gngﬁﬁncﬁ{ﬁ d, SshenR oAtk Hﬁnfg{t gﬂn%(ﬁl%ﬁlgr Rn@bdek to the
t or age e energency air grid

amibesnt edpe @asitivle aatie arerRperds ai a)ﬁﬁltegfatlde ethbelnaxy gemponents vent
grid and, in certain enbodi nents, a_l ow pressure

p,dilrﬁeé]ryy todltl}e g}(llegial -[qa]]é(n@]plpalt syat ié)ﬁso ﬁ‘eﬁ,‘ geeck valves placad on the
Qggg&QQpected and may share conmon resources.

i"gh pressure air storage grid The high-pressure air

st or agén ghmykragnme s Sindine leasegaito iaghplpded aswui@us iocations on
Self- Contained Breathing Air (SCBA) compressor. 34 and
atthq wssel osABIPENYIG foF @g%fmfewseaw@@ﬁ%ﬁ%@%ﬁ@ra fresguizatipgyfferences

ard%e Q(]; tdf‘\s?an&% %Q)?nmthe arﬁﬁlept ung ‘Feltaﬁg‘ Zi/%a\éﬁslﬂ aa@)g«e the trigger of the

gul"ators 't hat

e rﬁhﬂfﬂdlﬂﬁ(ﬁé reaﬂ@@ﬁé@i@ ap E@(ﬁﬁ@l{aep@htiv eﬁiréﬁsﬂ@&hﬁéﬂeﬁ’ce of approximately
co resses air fromthe surface and stores it. In an

Ji pyegvmpardsldo I’qlilfgmiLgs@réﬁ Sivpragnbagnyt v%@é@@@é%dﬂ @@W@@dlmems

ol sl lienmatii MR s TR BB i o s an
|ﬂn&éﬁ@nc&ﬂfﬁtﬂg@vﬁﬂgk(ﬂﬁl(ﬁ@ﬁ@@ff&ﬁem 20 and driven by the
surface engines 3 1. In an enbodi nent, the total
conbi nédmany embpdintents, %@ﬁpﬁ@@éwgr%é@m@@tﬁ thigd fBeat at the top of

the pipe. If water reaches this float, a warning alarm is triggered on the control panel in
the passenger compartment indicating that the ambient-pressure air compensation grid is
not delivering enough air to prevent intrusion of water. Causes include the vessel
descending a rate that is too rapid for the ambient-pressure air compensation grid to
compensate, or a system malfunction. In case of such an alarm, a pilot of the vessel
should cease to descend in the water.

In several embodiments, various components of the vessel include check valves to

prevent over-pressurization. In an embodiment, the side tank ballast compartments
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Pyl fRdhY h?éh[pr%shﬁésalr stdra&@R PNRY i ehebhibd@méM&hy 8888ht-prBssure air
the event of a systemfailure and it requires no
ekmntmn@mbngndhydﬁaufhmmpmweﬂmﬂawapeﬁmﬁ@ﬂﬂkmymagvd
enbod nts, e grerg ai.r

t .
one. enapqenbyF T REERTES 555 vaearhes S0 G RAT PP R pensation

f regsm bendiaf a0&shR m?%oﬁf)eﬂsaﬁor@gm@ 'TyBichl @E 86k 8 MRL@AYBE sealed but
The reserve tank receives air during the recharge

- preavesly wiilstad amesswery difrangial dhboenpgientyecathe ngrm@t dnd exterior

can, del i ver r directly fromthe tank t
o s P MR SR B Spensaton

hg%ﬁis (RNt ?%&E‘@r@ tHOFS e AP thE Dyt Bﬁv@fe‘inalﬂsrhe%a@}f& preventing water
ernbodi nment ' east one needle valve is located in
t eorpassengdic @odpas.t nent 1 of the vessel which can be
opened nmanual ly to actlvate t he energency bal |l ast

purge lines. If desired, the pilot of the vessel can
op§ At | east one needl e val ve to inject air

' into the main internal ballast system Wen
t'he vestied oxygeoprid hemptiveh ackagfont loeygutterk 13 4nd a connection to the
emer gency reserve air tank 33 é be used to na

pmag@ntgﬁreC%Wr%% dr nldll coHain gubodimeats. dedgxyaen g ﬁJéﬁyiomprlSGS
{5? %lﬁ/ %r{heco%héct&g kﬁ%\ﬁn %We ncy air grid is

sto pressure an e odlnent the air of
t he e neh@eftmyx e@ibodigientk, i SarBddiedidieRcrirbiger emesge tmyjunction with the
' e(?x%/rg\ér? ta%lkror tanks 13. Any carbon dioxide scrubber known in the art may be used. In
. an embodiment, cartridges filled with soda lime are used as a carbon dioxide scrubber.
In embodiments of the invention, the oxygen is manually introduced to the
passenger :compartment 1 using a valve. In alternative embodiments, the oxygen is
introduced to the passenger compartment 1 using a meter system commonly known in the

art.

The oxygen and carbon dioxide scrubber materials typically must be replenished

when the vessel 1s not at sea.
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tank 33 at 5,000 psi. In certain enbodi nents, the

energency air grid nay be injected into hydraulic rans

t hrough a special valve. If the hydraulic system of

WARRPAEESSP fails, the emergency air grid can aPCHNSENE072978

h¥ﬂm§wa & Jams to function as pneumatic rams.In an
nbodrneﬁ%-*%he energency reserve air tank 33 can be
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additional air if the primary grid needs nore air.
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enbodi nent of the subject invention, the air of the

| aywepm@swh@ fipnt |r®ﬂahyela|smd@ regse] enpalp Oéslindem’rﬁiéﬂ operation that can

nd ves

caristt SRR sE e iR YR nE R 2 ea i resepyes and

dagiinedubRidn® rihie ®r #sRUNS: of tthichir@BrRE eSBUi@adiRe time and

system In enbodi nents of the subject invention, the
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t hicnihtpart laath phd eatlers appaireast ensdlastricproid. desaal embediments, the

the anbje pressure ai.r ¢ ensation In_.cert

oS AL S PR B BFES SO BPrarg oGS el rESehdhd st oa
p%ﬁ&ﬁt@r‘é ctbil-it0fa HaliR 8 ErdiRBKStor AW G BIok Re NarRIMIRRACHRAL Fid of wiring,
ait fromthe Towpressure primary air grid is used to

puelge:. W&t svidheotinat provbizlpoast tocibq:rplaqcttlmé mpmpgﬁertthet the vesqel
vessel ﬁ(g endéﬁf a dive. q done.whe nE B8 face of
vessel 1,‘1 gm ? inﬁléts ahq @V%&tmh Y)%?nnq“‘ thg? 1% 8})689\}11%3%1 11@ sur ace o
S l%ﬁg @Qt@r af sésh@ WALES enchle8ai Fdr%rcﬁﬁds'ﬁi’dj{n@%leh&aﬁé@hy%n Bber from

used to release air fromthe primary grid into
s dodndacsyvidad :hl&sﬂxatoﬂsn Witeirgyorghbouaiface ity teripgors prowde power tc the
Iom# [ressure air.grid, co rlse electri

v AIGEE] FOTPREIBiE Dty THBES URPYE PRE BLITLE S o run anxiliar
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into the battery t be at ‘a he air
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bt emyPank b GRESOMehe Py thFeistsehty subiyeIsy PB%“-‘é Y Figpe surface
53, AL P A L I 8 1t £t LRSS
cesybtamp. Pleass utogom eethedtdroare pamatihaisedhfec kropulsion and steering of the
vessel. In alternate embodiments, electric motors drive hydraulic pumps to power
hydraulic thrusters. The battery storage powers the motors or thrusters, as well as the
auxiliary dive systems the vessel may include, such as lights, sensors, communications
equipment, and an air conditioning system. The motors and thrusters allow the vessel to
navigate under water at speeds commonly attained by typical small submersibles.
In many embodiments, the vessel of the present invention has three electrical
systems, including a primary electrical system, a secondary electrical system, and a

supplemental electrical system. Each system may comprise a series of self-contained

battery banks 12. The voltage level and current type for each system will vary depending
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valve is 0.5 psi. In many enbodi nents, the

| ow-pressure primary air grid conprises a gas-tight
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Wa0e9gis0| i ne goes through a Vil ve that can bECT/US2007/072978
manual |y opened or closed. Wen the valve is open, air

| gn aﬂwt@m@ fig @sb ﬁteéﬁsqehéd)plﬁﬁ@?@ LORSHASER L P8 ALY ApPagiyiate voltage

d qua %r}I ﬁ?eng hln%x.{l gmB?(ﬁﬁ'}%H? Zl(e ﬁqﬁgB\,\g cﬁeﬁg&% gfs(tﬁ%n is f()() volts

t Hﬁ?ec@ @ﬁﬁ@ﬁﬁ{@'ﬂ)@omﬁ AEdoBRY elbetr@alhgeenpilkat alyC ehosedupplemental
while still refreshing the air of the passenger

c@hpfalptﬂrﬁefﬁuemlls IThivelty dlegwpeg pareny (MdéPul when t he
vessel gn t he sy

or we a%rh%rp %wgntﬁ A {hﬁ él vehp 01h‘il?e§g?%%}1r ﬁ:’leézprgcﬂ)sé/ht%m\/g%\{%%ses banks
COFbaichcEINPEEBRH Sricd MEar ONBALBESUER hPhitdFRbIkRoMpPEds@ight 12

"can be used to pressurize the passenger conpartnent 1,
iV ohtsTiendiviag aut@tpleedstpmn/ovggw UaM. Be appleradiviegnbpfligwgnt, cach

éf[%%}r( B%{] IQ)? Sﬁb ﬁlYt ?ﬁéfl k&tttﬁg%ﬁe fg{ ﬁgott gﬁﬁé{%?éﬁa :{] "e 8 V., Ila further
Clapsasi v didients, M @Ner@hit @R by Bat@MRe th BN dlf felgt total system

pressure in the passenger conpartnment 1 is regul ated
byobageehar beyssderhhe @nmeryt eh@trpcraé sutiere bajtersibankshiee connected to the

passen her t

D be e 5 E SR Pl vty e el et ey R Bt i By er eedead
afolORRMtRA oTeRd vGhaSafle B ie %H?hé}%e(‘;lrf Whtet, ni‘cfl’tﬂhrb@dli—b‘éﬁ? supplying
In an open breathing circuit dormant relief va
ofmdtive pparss B dlay thowreprartiothe hﬂdralsh@;pmpwmatld@w hﬁlrS@Ahmsters

fromt ressure pr. 4

c e PGBt PR RS FaPbaThY S ohaf Bk pygmuby means of
PUsE RIXYGRRSiore to be used, resulting in the ability
to stay under water for Ionger periods of tine. In a
seni - cllosedy blrnéacthmeng tb¢ promptty, batienydahksard i @ydinks within individual
scrubber is use allo r . to

RS PR T e PE T e POl e GERR ibes

?oyﬁl&% ahfwhere on
an enbod Inent a conpressor 1s used to e ec air from

t he iiptas sessgh nncémw@wttkme thte riain Phidasp &@kengsﬁt upderla dogke mtithin the

t t | f
SRR & 0 R PE Qe BreesEan Bier TR Bty bgyrg pank are
la'rt éﬁﬁ%%ﬁﬁ?{gﬁ% With @Bu@;rﬁp&dﬂoma bht rﬁtli‘@oég%xﬁheﬁel?i & @& they will be

an open bredthing circuit.

. alrteer-natialle tewbodi rekiitjontle tmealrmayslmfoeaedisce ayelghlance and

in a.se closed breathlng circu erta

‘eritfbdizTdhe gessels 1f ERpspRs Tome Sb‘Féaﬁ%ﬁS? Sé{gline‘é%?ﬁﬁ #4°s used
to pr Ovlblg%u%ﬂer C%)rﬁﬁ'ﬁ’y BLttPh B kL NG K/§ryu2§1d"é9y c}ff@ﬂ?%’[&{ﬁmber may

connect1 on. regul ator may be Used each

diteased dnraeetrfbodmﬁamt tftwe bhitary pardssuneinedi |1m1me§sum ihullgutied are used.

usi ng an unhilical support. This
In gn alternative em%odlme%? SiX battery banks contained in ambient pressure-

compensated pods are used.

In many embodiments, each primary battery bank is designed such that it may be
quickly and easily disconnected from the electrical grid. This allows for entire banks or
for individual batteries to be changed out modularly for repairs or maintenance, as well as
for battery upgrades or changes in battery type. Each battery in the primary electrical

system may be connected to a sensor so that it can be individually monitored, and each
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allows divers to stay out on a dive for |onger periods

of tinme by overcomng the restriction of typical snal

di ver air stores. Anbient-pressure air conpensation
WP2e09HE8A nbi ent - pressure air ?gnpensation gr i §CT/US2007/072978
provides air to ambient-pressure subnersion pods,

c hanbers baidned eribaryminte sptcil inoW HEEANE Lo IRpiAjgRance can be
anbhﬁgkﬁpressure and avoi d deformati on and wat er

i iPPUSTOn when the vessel is deep under water. This

syst emipe@avdH@sntt BEhY @sselionMHeReddA@arp pibti0Enl 6fstd¥@td@prises banks
constructed with materials that are of |ighter weight

t lv&hatigigh ebrypidialpeiplisk Ineedalodiepledicdaligy dagygoaprising two 12

TRi yst enprovi des t he .additi gnal. advant age of o
N Sl UBhel sitgh pBuSEa BaRle R ARG TRE P wpicaly ke
CQRREARRLSE, bQ bR BORShHFElICHNhEN n¥@lel QldSa GRANBL dupply. In further

shapes not just limted to the spheres and prllnders
t lratbodmeentsy pidefidrefnuprhes stibetiaries, ettens widsBigher, or lower voltages,

Anot her van e prqvided by the.anbi ent-pressure air
conpeneaiERThRRGy PeRat b Yot nal SR USRS R St batter
| HaB0Ge 6 fneE e &L 2R blcBir@hr PEESHUNBe dRBhMEY URERIcaPEREem provides
can be used on the vessel at such depths. Air

c owpensatighigngandseckportpeerics coreppatesichalroleent! fagengine starting

speci al devel opment or. testin nd.al |l ows any, seal ed

atr e YT ERBpa o B Batod Ty pel dia AR TReRSyrem o
t O rbN8e AT B Mr 1Y 85 WhRndil bice QRN SEMI @ik df L ®C-AC inverter.
prevent deformation and/or water intrusion. In many _
enbodi rEwtssqondaypbeatas systam hatterichedy bo lachied anywhere on or in the

anbi ent.-pressyre air conpensati on id via a vent
noseseL R hiiRg et i & CqThRer sy dher Bisaeist Eopgriment 1. In
COFRENSAIJiRRr@ it JEWBrAbditchy Kt B chhidie® B s BnREdion pods
storage grid. the air is dowi-regul ated by an anbi ent

c apeprsagendi 2i2udl hati papgesire-hempxtsatied pedsanimipeessure hull tubes. The
pressure and equalizes the ressure acrgss t he o
arfSide At PPesnrEyg the SerARAS e PRSP Res iRNedanywhere on or
exhehd Pfss@MbRAn R8RS WEmatnbaBadt Wik eF j BMPRAL MRNock within the
t he anblent-presgure air conpensation grid draws air

f rigmet thelyhonkgi7essdiie Tird puds yr tabes hgidiog eakinseanndary battery bank are
enbodi ment, the anbient core rsader 2 conprises a :

pi ixpisaldy deﬁigﬁ@i WHL APy apey-$9-wa1gnt ratioad Agrrox iy tely 1 so that they will'be
a = c i : :
o S S R Ry AROIER e so s t0 balance and
appaaXiamht etsgel B8'lt ttamnggionT Frempd pefacst opebmaiged betet op to

the inside of the surface engi he conpartnent 20

: d .
open atIntFEYBPEIHIE £#E serapy ydarydank k?&ﬁflg%’a?qa S ghat it may
ba’!)é rﬁﬁékl% ?{Heea%w &ig&)?ﬂécqu B‘QJ% tﬁ@&@&fiédggﬂ&- Tlgi'é‘ $hol@s R entire banks
pIp a oat t I'n an

e, at’[east "one ri gger is mounted.
enhaoi imeividuat buttegedtb bathdnged getrmsoduilyfaugiagd oamdingmence, as well

each
as for battery upgrades or changes in battery type.

Any type of appropriate battery or battery system with sufficient storage may be
used for both the primary and secondary electrical system batteries. In certain
embodiments of the invention, the individual batteries used both in the primary electrical
system battery banks and in the secondary electrical system are lead-acid, absorbed glass
mat (AGM) type. AGM batteries typically achieve a rapid rate of recharge
(approximately 30 minutes to recharge to 80% capacity) without causing any significant

decrease in battery life. In alternative embodiments, silver-zinc batteries may be used.
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separated fromthe next by a range of about three

i nches to about four inches. As the anbient water

pressure increases when the vessel goes under water
VWH?@P”W&@&S up the pipe. Wen Water passes t he PETUS2007/072978
two float triggers, two electric switches are closed.
Wherh bdtensaconahavbdtichy bindséss nahneddetst b éhev%imﬁetyewﬁé many

[
Ig“fﬁ?éﬁ@%?fsﬁ?$hﬁgiy§”E“§f$d‘%?“}WeE%Pgh pressure air
st or agg, (@dybmdiemahE, the Qhidelediricatiyk@m atte S RASEEk recharged
directly into the surface engine conpartnment 20. In
c by ttdeast erbodimet 4y alaelsbqﬂgheltfthg atimary pglery anlls are 90 V and are

hlﬁag!%‘?%ﬂﬁgflﬁ%t‘*% ”étsé\év}lat}&? f%{%g%tgilng%? Jﬁleﬁttgglgtl%seal %qopnected to the

CONPRPSALhAWighiiEPdN S hfidPHE @R pHrRadbaAdiRis@Pbe RRRRged when
mani f ol d” whi ch connects via vent hoseS or piping to
t He vpssdbis sm’rﬁca:lfrb ené{hcamdacorhgnesconponent §n at deghsde epodiment,

|t 2‘52%1 8?9 eflﬁl rl g?ﬁsjgaré e? I&%ruég%rﬁ%%%}e Iat?({] %@ gl H%l%%g? ﬁ&elg;/) t?a%]%s Ina
CRiRRp %H}Bédlﬁﬁ@? hﬁfm ‘27 A1k R r1§ uddr toccgﬁpé%ntﬁét()@d\/ pAﬂMry battery

reasonably gas-tight box may be used for the ambie
c ﬂomnﬁ(snrﬂm lyétod thrthenembodimentb o 2AENY sjtetrarsundedde clmga the 240 V

0 ser es as fhe amhi ent core nifald. In
HIS: U8 R Rouliies Wy pher s 1oast one
c QH@UW blfté%g(op eiﬁ%%ﬁ’lb@éh Wbt fWo 1 g@ﬁémﬁt@?ﬁh&%@ two 12 V secondary
exterior anbient pressure, air forces water out of the
alvbiteies. core reader 22 until the floats drop and the
alternativ

SMAtCheS reo enbodi ment

fl oat, Q/%?‘?/%J)‘FIFWSQSQ? BB F}@%%?@/%P“l&? &n@é? %‘P‘ll}i’ed with pressure
C et

COTFRIY KON, IEORh AR DESRE b UM AL L ins
unebbargvateocesk.he exteri or anbi ent pressure of the

wat er decreases and the air in the enbient-pr

S
ai r conpBARREMBAdGINE B RO heraYRp @R ﬁ?éﬂ’tcé‘ I system is an
the I [
i SAERREelchl, 1HEh BKERR, kol et Rupplgmenta icctrica
t Resten pandingAdi sﬁp;ﬁi&ﬂnt:ﬁalteﬂ)echhﬁl 8Bt ﬂmmingtchfrau gh:ctrical power
vents in the anbient core nanlfold by way of a pea

[} @
e

N
th

30

t rapes FroBmytheptmRY-Eneverss fear his sesipmTsjeckifghrysicpror from an
Q%te%{r?blsoﬁlge a{bcﬁ%qgé gﬁcﬁg pggv%{TE\QanﬁBfe atvmgxnﬁ N ba\&%eﬁ Qonnected to

t he ent ‘core mani e alr expan

alekefmatpower, eardadéryamrgeorponechagyetie phimegt baytetyobdnke to full

external environnent via pop-off or check val ves
pleapistiyort he worlseial §lecirisalmapymepayedr AR eReathg) quignt devices

do“\éﬂn c?e%% irﬂec{re&e?r hlg % ﬁ{%hf?i% oY MtdrBMshd QERK SNHn8; I?IO{IIH system
Yy
SSE to conp over-pressurization resu
f e Nthe r}ﬁ%ﬂgérzaim@[ﬂtnﬁhnﬁ fagreelt as any device connected in the passenger
compartment that operates at the same voltage as the supplemental electrical system. In
an embodiment, the supplemental electrical system is 110 VAC, and a 110 V computer,
power tool, or other device may be connected in the passenger compartment and draw
power from the supplemental electrical system.
In many embodiments of the invention, all high-voltage wires in the electrical

systems and electrical grid are kept outside the passenger compartment 1. This reduces

the risk of fire in the passenger compartment 1.
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due to distance fromthe anbient core reader 22. Each

12" above the trigger of the anbient core reader 22

adds an additional positive pressure difference of
ViRBP0% P el vy 0. 445 psi conpared to the triggePCHUSEHE072978
anbi ent core reader 22. In certain enbodi nents of the
p&b@&@@ﬁi&ﬁ&%ﬁion each conmponent that has an in-line

down-r e\%{ll[yaém d? he ﬁﬁxeaﬁlbijr%q gﬁ’\?eﬁ%ﬂ‘f?ﬁ‘tcm@ﬁﬁ &eatviglxs\{ emx% %ydraulic

al | ow

CQiRerh@adRlp Rhier fﬂ)@&/eﬁt Irbud?ld)uf li@atesad. Tllitehjicﬁzm Qf S§Ish:ﬁls transfer
pi pe. If water reaches this float, a warning alarmis

t ppgget(@@l@ﬁh@tﬁgay;bmme@to [paReEte ﬁlﬁe ﬁ)ﬂp@esp élgts]é%qu rthe surface engine
c 8 @%Itg‘g]?nt aﬁ 811(% éngglﬁth(gr cg r11renr1aan S eelmgr ?185'65'{{3?11 aembodlments.

ring €no

PHS¥RNLic bydtdnkkSicanteafalWatigbu gk@@u #RS cksOk biides ih@ e balsebystem. In
descending a rate that is too rapid for the
ambnenmnﬁméSS@m%lahml@cnﬁeﬂ§aﬁm ﬁf@mW@WQ6Wé®nﬁ@ﬁSate

or a system mal ction, In c f ch an

o1 ot JR i DabeRbuRotea sSted P BEER Ao Mmfrises trec
W%E]?cﬁate l{yd?ﬁlﬁ@%%telﬁﬁbﬁg 'pl"@ﬁﬂﬁ@ﬂ Vb QS s\ RRAD ONE RL:E 18y hydrauli
the vessél include check valves to prevent

ovestepr esd ind zattiobhydewianyderodhentines stskanssings Sfafﬁka common

bal | ast. coppart nent sco se check val hat al | ow
TSR BRI GO YT DIRG TR S ASTP R SYarF D 8308eds. t he
ext emal TR RN ioPK ﬁ%ﬁ%y@&m'@E@ntﬁéh@ﬂ’br@*é%ﬁic%&& pov¥IYd by the
conponent ‘can be rectly air conpensated by
C qmmm iclegtrical Sylsutemahmneenmmdetgsxur e @mputsmwe/d@ahp @yistem uses two
via a vent e
it R B suEnar ST oDkl SelenE B Ry g hgerimary
ar@éc@xmﬂ p?@%ﬁuﬁl%v@'nfa gonPensakd eRc@icl flototN c&Bptidds Noattery banks
nbodi nmen the invention, the surface engi ne
cmmpaa‘ctm’emtoeﬁes gnvhg aghidbolitanko b2 Vd@tdlr@@rqga’mtrréh@ slectric motors
t ves taln r r do d antenn S
t HE oS eureSBel 3Py TaRaorRE e AT auro P Rg Ve can be
Wu@ n‘t v BigectibhCoho@inf n%?p%mhﬁauwh&%%@fohq{wﬁﬂm system
ient-pressure air conpensation grid via a vent
hqaevasp@wmembbdmaﬁnumrmhemanﬁhehnupmes&umemanqudswa&rbom

h ,
ﬁlotgg %{;g a |§10§ E}éegé{ilftoi o ggg ‘f ?edto tﬁq]su\ﬁapﬁp‘frﬂgr submerged state.

enbodi ng,e th @raﬁ%béﬁ{éhﬁ t%rp%%vsét‘ & @histePOORERIRL RN oPFlifling and
shares air es W t | ow-pressure prinary air

gnmdwakmthaﬁ&x@dbpd1nﬁnnsngﬂh£&m£$3eunwmesfmmwﬂdnﬂueéhcve%c

with direct alr conpen atlon fromthe anbi ent ess ,
ai FONYBHERAYHIN SHY e T alloyif Taple S HrPYesodry chegvgpal thrusters

seal ed B%gﬁ%%%ﬂlryenw E%%ﬁ@%xh@ sPEER i@ 1dhe el vep é)ﬁlorcepower

of about JO "psi between the i1nterior and exterior of

t héraighodrthy eessByfuaoinménd s ¢ffietioutradmisses. t o t he

anbi ent 2 P{ e?u%(?lyarr}? h)?dlrguhcé (s){/rsegnqsugésl h(;/Grauhc pumps to generate fluid power. The
hydraulic pumps are driven by the surface engines 31. In an embodiment, the vessel has
two hydraulic pumps, each driven by one surface engine 31. In an embodiment, one
hydraulic pump powers the hydraulic steering system for the surface out drives, and
another pump drives the air compressor used to recharge the air supply of the vessel. In
an alternative embodiment, the output flows from all hydraulic pumps are combined to

power the steering system for the surface out drives, the air compressor used to recharge

the air supply of the vessel, and the high voltage alternators. In a further embodiment, the
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grid, the net pressure differential of the out drive
remains near O psi, preventing water fromentering the
out drive. Oxygen grid The oxygen grid conprises at
WE849/048880 oxygen tank 13 and a’Gonnection to t BET/US2007/072978
passenger conpartnment 1. In certain enbodi nents, the
oxytgenflgrs ﬁiomlaﬂdw«:lumbipipgws reguidiod v plowes agnether device which
connectors known e art. I%] certain enbodi nents, a

n

c AHBOHAYiPER O@ébﬁﬂﬁ’ C{BFRE 1 conjunction with the
Oxy gen-rt, a8l h{akR s%g’cem'%@é/s a%ﬁpagpc F6:0%1 58 SEEMRBEE secondary

known in the art may be used. I'n an enbodi nent
cakttricagesehitd hidch h/yldtdmhs octantularer. Ahel m{keldw&scwanalarob ginres fluid

di oxi de scrubber. of t i nyention, the
o%g}(éﬁ‘é rprqsgurﬁéq]h%upiﬁ b%?%ﬂﬂ P{l%ﬁﬁi Wé()ttgg\g sse{1 The lﬂydrauhc
¢ ggiprgil TR Bse]thﬁ fhLRGtFed 93/ $Heh (lrgulgéu < e S Aakatof %ctuatc the surface engine

ment s € oxygen 1s [ tFO to the passenger

© Coimplar tene bhlldst agitrog valvee helin Byrsit, end dompianley. Iknmrm emhodiments,

the art. The oxy %en and carbon di oxi de scr.ubbe

nﬂ}e@yyﬂ@ugc PYETERIIS2 hyequ )‘gé)um@ﬁﬂl@ﬁllcgﬁé GowHeke! ?%@C motor. In many

oV %%%E%iuﬂeﬁ nofe ?&.Icoﬁgzﬁ‘}/ Bi&eidal g?slten%ﬂ%{é &MVEY R#\& %b/dx\égﬁ((s gg\?er unit

undermate operation nmake use of electri
eraelmgys@braaaydmbmbnmteénglmes ccanngtvebe ospd @t 12amyits direct
significant depth under water. Most vessels rely on
b&tTeHy storage and power generated while surfaced.
SOme Ve, n}a&‘g@ocﬁfﬁb%rﬂhg ﬁi I‘glﬂ[cra\éC\.ﬁhlg%lO; E&rﬁg&sefs Y&hvitch. When the
reserves a atteries e vesse resent
I Ryedd fladissed orel draihsd froel tAt hydedwylicaoainhulvessed cectam@hlse.ne, the
of underwater operation that can %$nerate and sto

i swiehvirtiyairehengrragligpQuecr uaHite whd erlvdﬁeglhgua@wml@ahifhe useofa
2?&9{1@%@? gcfc%ﬁﬁla%%t%@?ﬁ' 163#1%%&% EfMndt @ngﬁgttg gmka@e He Giydraulic

uel res dive tinme

. popdt ehiomnt fifie ap ek tudep ioysee ninstesd, mmlkydlﬂmghqmv\teh anit is activated

20~
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seri es o sabieel Hyestien welhrmémbﬁj ¢s611b
, Sjé\;l)\éc:l@cc&l ura101§ g%t%gtv ty’ a b_ank of _ba_tterl es for

typi cal small vessels capabl e of underwater operation

. sionbewbee tupjcetire idppsritel O aceRtaieRH AL glé the gvepirpt failure of the
: b%t ! rauﬁ%od—%%nﬁ utR!: E &ratlllﬁva%p&rhﬁ opgﬁo ﬁ t X ﬁ)&{aﬂbl‘f@% the actuators for

conpri

eas one a

, | Qta&ﬁlt&i%nbabfﬁfrbé,unaﬂdmatoré(ﬁﬁﬁxﬁ iofenEbestdraigad. grid.

I n many enbodi ments, the electrical Eﬁ%sttgmggnprlﬁses a s of
W3l FCHEEICE g “HEZPICs O

e and” an elec rlcal grid of wiring, relays,
and swit ¢BeR behaticiefood ke threwerpltOardigmiridetéts @atribed herein are
conponents of the vessel.
. for illustrative purposes only. Many different configurations and variations are possible,
-as has been described, and are.to be included within the spirit and purview of this

invention.

EXAMPLE 1
The following embodiment of the present invention is a configuration that may be
useful for recreational or sporting purposes.
A central framework is used, comprising an I-beam or box tubing of corrosion-
resistant metal or composite material. Appropriate cross-bracing is included to withstand

-sea conditions. The primary assemblies attached to the central framework include a
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In enbodi nents of the invention, when the vessel is
operating on the surface of the water, it uses its

surface engines 3 1 for propulg'on and generates its
WRR0POREE80f r om fuel stores via @ts al t er nat or s PCHRISPQI7/072978
on the surface, the alternators provide power to the
ep%ettrrgecaionmmmmem surffcet el emyiupesr apdy povles a Rerface engine

CLEShFIR) SHLAR DRI Bt o, et The

COMMUNITG AL QRS AVPAEAEN AOthtaR BiclccB@NAdnh R Gia an external
system Additionally, the alternators charge the

batmepfeynmnﬂtMSS®amm®mVﬂb@nkOQQHm@agtbm@S¢UmEﬁWBV%€Whmhwa
R A T R
St ar Rgewhh Q‘éhi@%&a&@x\’@ﬂ 6LRd NS RLEBhE kB (8B bLERRIe diameter. The
Electric notors or thrusters are primarily used for
pnagulas wkockrseasd qsalaermdg:ooﬁtmdn@n\ﬂe@meque rhevt Hict dmpatan Bureau of

.odLne,ts ctrb jmot or.s grlve uI|c punps to

Py apdartls (oLt pt?ﬁ'“éﬁ?? f%?age power s

t he ot %t&ﬁortofﬁ F,Hé%tafs'éﬁ‘ger @ém%lnlneﬁtsls &Bﬁtt&w&itﬂx h Aedal B Mnposite
systens the vessel may include, such as lights,
s bows-ortg:, franoavrk bpat winnls the guteporssetm poasds am naiunted. The interior trim

condi tionin ste he nmotors an hrusters a W
C RO B PR XS Bl IVE pirer s a1 MR lsGar e ShiBipy ofseats
a@\t fap ﬁg)ugyedta)ﬁpé&ﬁltmﬁgﬁls|m<§H@é}P M3k @S had -0 cHRAN panel and multi-

enbodi nents, the vessel of the present invention ha
t kereen elh@dﬂyr albaving yptetiey oif radl uelisplgsyateprsi marsyrs, and mstruments

el ectrical system a secondary electrical system and
acSUpsplcendht EpmetEchp e b@vﬁ ©mPagelch syst em may
conpri §§,.ay 'h@(ﬁ Oincs€d me eatidii 'ﬁ%&e%&e@t‘ﬁ& WK e dusing bolts

The voltage level and current type for each system
wichihnevaxiyto qbespémmhdngmmnwg advlespec & Veshh;mllpowhé)omegsle Iplaning hull, -

may , be expected to perform and a opr. .
vord 258 thaydpgnks i Rh Teened Jstate TPIg | o ghape of a
t t I .
MBS 158k S4ary) 2, ELAE L LB siplcssson
VBC,00amduhdreo fsupal vetetsboat 521 gdlonk oﬁfueisgmlt anvdesatd b@vload

volts alternating current (VAC). |In enbodi ne t
i nvent i ¥, INERE" Priperar ’;?C%l“élit?l?télélﬁ theyraqig mteanl&aﬁ%%ympmmems

b%gxlﬁgle%l Qﬁlﬁ {h%[r uﬁg %gk? L& 1ol d fnfi %'6h‘§§iiablerbaﬂ5]st i%ne\,/whlch in turn

each conpri ses el ght

babtier tkesﬁlelgd:aﬂsmgd alrtt@ﬁlasl T&y\%hﬁ“ma/blhll age cofitaid6 thé surface engine

an al ternative enbodi nent, each battery bank cong%jses
g

.cgmpals*olevt wst ¢ diepdigod semizcqniodlpbleyhaflashzoen suundnegshp surface
Veenbile clé { ﬁ! 1ermat %o?gpg{:y]c %Hgﬂt:ec‘ hul@s}%'llqlgtgésgitthe top to the

nunber o erles an or a rent total system

VQ@bagﬁxﬂaMnhevm%@&cnﬁn@ﬂ@isaﬁry el ectri cal system
battery banks are connected to the electrical grid

an t heTlms,uﬁgtfae}pné]n@ @Qmp@gpergy%afl@?ﬁ o:pp@tpgéedtoﬁ%olfpé 05r$§1§;ant metal
th
o T Cog g%gﬁ\@ B]dﬂi?%p edgd aq{gd&ﬁﬁ[:ﬁw %ﬁue&éd %H:t\ dgi%;actethe \F{ﬁy ;Igr%wdes air

I'ng direct sup
mtake A larger gasket hmged at the rear and hydraulically-actuated, seals the entire top

portion of the compartment. The surface engine compartment is pressure-compensated at
depth and has a volume of about 109 cubic feet.

Two 5,000 psi SCBA air compressors are used to charge the air system and are
located in the surface engine compartment and hydraulically driven. Eight tanks, located

in the main internal ballast compartments, store 500 cubic feet each at 4,500 psi, with one
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notive power for the thruslers or for the hydraulic

punps that drive hydraulic thrusters. , The primary

el ectrical systemal so recharg t he secondary

WO29700888) syst em by neans of %E-DC conver t er s PCT/S2007/072978
many enbodi nents, the primary battery banks are :
C TSI HEP FSLE] 1R Uho D FEBRFINT S T B YISy SEGhIT d§s3g240 psi
aghi ent. pr . . . i
£ S R T R R oy RS A e and a three
batiger Yoathastksnismyarethp esifide@ngide anyphienent dinwions ms thhembient
vessel, including within the nmain ballast tanks or

j getc ugdield- t he deck within the upper body works 37

nodul e... Th s.,or t ok di h.pr .

pank e EERBaR PR 1Pty SRR AR R I o the
I phisen@h cappiroxdnBt@lugh bs godnhapretdneio sopply 43ehours of life support to
near-neutral ly buoyant. Additionally, the tubes nmay be ,
| dvaredorp agrording ﬁaﬁ&%%a@ﬁ@85®&wq1$/@éW%@rb@s §@P<10>5/§6wbber is
LS R PE ) BE T TR 0535y oo,

appr opriihatide BMROAE alfepnipRnsis@thnd kit eath @Rtdedin@mhily haltvo main
battery banks contained in pressure hull tubes are

ussignal hallast campertmgniswad epdeay #rd fim ballast epappatyediiky side tank
cont.ai LN ami ent pressureco - -
TR o PR e B PT B ARARRED EAR Rp B g cubic fet.

i s desiTgRegp&Wely Whadts ibulBio |Be citial khjtewok |asblyon pre-drilled
di sconnected fromthe electrical grid. This allows for

emn¢unging aniass. dhe fipperi hadly viddkmsormatsee fbgralass peclbmakige into two
oyt nodularly for.repair r._ i nt enanc I

¢ bR Bl bl SRE BBt PRERREry ARyl o e
batitiehid htdut e fdel ioMBI Moklc@aivei @k sitsdsedomayhdd8ide descend to the
connected to a sensor so that 1t can be individual

moedrt dackdyhiahds ekrtbénfecimaidemdiabpwied fast tlepmpnh pwi%@ attached
R e By R
semANd@eY (8! B&IHing AhichiMad £10 thOFMRA &R, banks of

batteries connected in parallel. In an enbodi ment, one

bat t er yIHsantkriororphrd wipegbedmovarks ihplew end lewispsthg day battery banks

T ddj t i 12 V. batteri d

VBHE ip- TR otiPs bR RBRr At e Polie BT s AREE: e vingly have
negded, @sheavRatdeHBr SRR Yiowifg kdfch BRI aif fdQdbMRIAtit tRe assembly
di fferent number of batteries, batteries wi th higher

orduripgenbugbivaged suravii i ha de ¢riporieh ibepdnet yhdygamkis figgylooding
be used. TE secondary el ectrical system.battery, bank
 SeBGAE e PEBSSR BB st Piing Rt g by R REHARy
el ect ripalhufYateefpd 18 \Hed SR oRANAE inftld lolb B iaRgh@NM fill or purge the
cockpit (passenger conpartnent) controls and for
engillag sgstem thumgps are used to assist in water induction and expulsion. The four main
internal ballast compartments are open-bottomed rectangular boxes lined with ballast
liners and combine to give about 170 cubic feet in volume. Pea traps connect each main
internal ballast compartment to each main external ballast compartment, and the exhaust
pipe valve is located in the passenger compartment.
The trim ballast system comprises stability tanks mounted rearward above the

deck and forward trim tanks located in the side tanks. The trim ballast compartments are

air-compensated and combine to give about 19 cubic feet of volume.
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when the vessel is on the surface of the water. The
secondary el ectrical systemal so provides power for

t he suppl enental electrical systen1by nmeans of a DC-AC
‘Vﬂ@@$WEPWOThe secondary el ectrftal system batt BETA$2007/072978

may be | ocated anywhere on or in the vessel, including
the suSﬂﬁmEpen@imennmkﬂawmmeh40BqumM@aSSEMQemomddkmdengn%
npartnent . I'n many enbodi nents, the

tghyA B%ﬁw% ongt 8o SRl HO 9 gk < el %ﬁq@@d%m -pounds of
[
po {e| a2 hlﬂl%n%rﬂg é}\S’lBg:@htud%W@% ﬁﬂ'écslpﬁ ﬁ%%’%g% g&ﬂo%r t@%%;e %@epth provide
c Glnfcﬂb piapglsidie Fsecoidatbic hatlt-éinyd banks drpjdoenent fuel cells of about
p05|t|oned anywhere on or in |he v e i ncl udi n
wil £ hedllonp gagiedTh lasater aastd ett%weﬂwﬁwéi Lﬁa%?mw%n%
Wit hin
R O S %E“’daeﬁ%%%e cloctrical
t ypitanalHoyir basirgheits whthenaadad Dyzasmbynel tion pei, ghiwdeatdcmcalf storage
apprOX|nateI¥ I so that they near - neut r al
bifo\ra REIMaRg e sl pigm. whigh 1@96@?8%% Y -deesk ébbf%%ﬂa% podis a
t glbka?alr Bﬂe%?l%r@ ﬂgll §F 195’[ }1 14fid E&l tﬁ&ﬁﬁ%&te?ﬁ) thé rntcl){lﬂlrﬂlﬁ’i &cbﬁ’l%th safety
roma’ sur nmerged state many

elfd@f.tdl (gl Sbat‘fﬁadhms elﬁx@ ndkein Viedaaddi@ riy -adn R AM-tgesigned batteries
such that it may be quickly and easily disconnected
fF%ﬁ*@WQIQP@E¥r|caI grid. This allows for entiie banks
or for log : ‘ y
modul a;ﬁlhg %co‘ngé{"g ctcl?{)}s%?h éﬁgsnégén‘glgé W%ﬁls grovf}ded clectrical
baﬁotz%ﬁfy)yl.l@\gf &d&&cﬁrA@Mawgeslry mlbmtteelky ntcylped ué\ml)e fuyfaee engine
of appropriate battery or battery systemwit
sapmpaiBptt, withpagdliveip! sacragey f?%wcﬁ’@%tﬁ"yt ﬂe@ S;leplﬁeeg}a clectrical
a c r [ t.ai
IR e SR E TN KT OTUEPE 51 b Gen B RA R surtace

use@nbedipimméhienpbitaohey ioahesdcohdal ckysicargyb@int er y
banks and in the secondary el ectrical systemare
| ead- ad} Qpr‘e&ggwdocggeggg lwﬁgrfqmlmy@@pamt generates hydraulic

?g)to%vgrr LBRent ¥ %1&@%11‘(&1 ?oc{ﬂ %\fl rafllid %ﬁd Tﬁ@{)&m@%&} gngu%{egeo electric

FOXInHte m nu 0O recnarge

Wrﬁd’!@x@%oﬁ@éﬁddﬂ@ thRPYinSingdedtH R Bstahe &l @ A%en hyirhait tietiyers mounted
life. In alternative enbodi nents, silver-zinc

bae tt@rrr:@sofrtﬁ@/ upyer @@,@dweéséwrbea&h@ewgie phtng refirdesk, pevidersybsurtace
d?)?é(pu?sgé;r? 6)5\91? eraing aftth ﬁ’gr uaf fn ﬁsqggss tué%@ erbwg?g \gﬁg%gloli r%(etractable

t higved1dnes hibuiBddyin eRBO/IaFERrEon @ﬂ’tﬁe ipeNBddy walrieGkden b} assist pitch
system battery banks are recharged by at |east one

alapérelhe@rrol n an enbodlnent the primary battery
banks aféxéy s%gfage gly%q%easra?th vé pl T&%dep O\tzsz\é\Ptaﬁ? \{fsatl t %{}85 8{)\%@ to the

connect ernators are connec

t h@x 3R 8@ a@NgEREM, WiidchR pRIvide8 Yrifl v ste@ddgomi thg ouh@rives. The
primary batteries to be recharged when the vessel is

s yohlaeldwy deavdic shers aqctﬂ@tes‘evaéwg; desplanes, prthyiinhgnd jsplrgan by a pump

al atttgcghne tto YFelk r{blc motor ptoWered by the secondary electrical system grid with power

stored in an accumulator.

The vessel is outfitted with GPS, radar, forward- and downward-sensing sonar,
autopilot, and chart plotting. External antennae are pressure-compensated.

The entire vessel is about 32 feet in length and about 28 feef long at the waterline.
The total beam with side tanks installed is about 13.5 feet, and the draft is about 20

inches. The height is about 6 feet, 10 inches from the keel to the top of the passenger
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two 96 V alternators in parallel are used to charge
the 96 V primary battery banks. In a further
enbodi nent, one 96 V alternator is used to charge the

W8 200999088%8r y battery banks. InSet a further PCT/US2007/072978

enbodi nent, one 240 V alternator is used |lo charge the
246mMmmmhmanyaMMH8éﬁyﬁwnmkﬁmkéﬁea@eﬁmmddwwpbﬂ@t§h¢€$%ﬂW@@hs

al so he c at | east one additiona
aIa a7 0P po}”ikfﬁé”% e@r?@%dl ment, two 12 V alternators
charge two 12 Vsecondary batteries. In enbodi nents of
the invention, the battery banks 12 are equi pped wth
pressure and wat er sensor BXAMRL.E The battery banks 12
al so vent out any gas produced during the rechargin
pr ocessl.helf¢y! ﬂ%@EW%BHFHEﬂF§€@F“Wh@v?ﬁ@%H%V@HPQW%@“gmH“mybe
SURPH ARG, Jskcal systemis an alternating
current sfs gﬁ$ﬁﬁsean enbodi ment, the voltage of the
suppl eneptmlal #hieetsikoalissly Scblemlsmg AilBbadm Al Box tubmg of corrosion-

suppl enental el ectri cal stem al ternating curr? :
elredspiigagtal ﬁamp%ﬁg@&fr}%rﬁ@r@m&e PR DERSTINC Skl gy withstand
f rsggncgtl? (ig&C ?HQ %Fl}ﬁa% ggsIeHbﬁ aﬁ:}’cﬁgﬂaw e Jeﬁf?!ﬁ! ?B‘Bework include a
ternal source, as the shore power avail able at
rT&falsmger Wiﬁ;bhrtﬁhmimeﬁtﬁldfaté) et ennappepdody , warkbatt amrface engine
charger slowy charges the r|nary battery banks to
GPPW@HE§6F?Veﬁmh%a§ﬁ§%?%ﬁﬁﬁpéh”@P%Ctrlcal system

power s ﬂ{el%/ pa@ﬁ?@r%ﬁ)}ﬂ& e{ﬁ'ﬁ g)%ﬁﬁltsdtg‘{h&@&tﬁpﬁﬁﬁ%%& UQ an external

the vessel. T e an alternating curren
ai gerieOsfotrbSith-Registyisineml bmcﬁlli}ﬁ)spa&men@l&fandm Imampmh cylindrical
as well as any device connected in_the passenger

c onpator peeuTe Hall voipdicat agicaeali s JArBredire Al 1ngiedie a depth of
S u(R)?)' f@&%‘ ‘iha+ sa?%tg "t;e{c{c;r%%lsevc% tnﬁ'g 1‘l ﬁ’iﬁg %&?zp&‘i !fe%? th oatg g@dmmeter.

supplenenta cal Yemis and a 11

Vepigbitetial tIHOMREs, {adity, o cOﬁsh@ﬂ‘cudﬁthtlﬁmu&mbcbme Amerlcan Bureau of
connected in the passenaﬁg npart nment and draw
tifmﬂe d

f ronPRing (é@éms@ﬁéﬁfim ol Fﬁf@y%ie%ﬁfet}’ ETL ditionally, the
SRl MRNLS 0f il IHARLE QioiAluly AN e?tgs?%ﬁ Wi res

e al'e | cal  systemns an are kept

0 Ut si d efﬁélﬁteﬂ@ﬁc&&ﬁ@@[ss@@@@ﬁﬁﬁ@ﬂienhs oiﬂﬂtt&d ethucastal Jieomposite
risk of fire in the passenger conpartnment 1.Hydraulic
Sy@qubwefwie@wﬂwp%wﬁlsclbﬁ%tlﬁ@rlgub?r@mnenﬁa\ﬂéﬁm%lﬁted The interior

Ig\!fsss% [5%%/\/léorr Vg rp%gs%ﬁgf\! ud?n Sey gtloq%%t%? dd%g PCIh(r:lally. A rear-

SY@bﬁﬂéd ta[r%%ﬁlﬁbn@qg\ﬂﬁclh@ed &ﬂi& ﬁd?ﬁﬂlamysobtﬁ)luﬁ@dl @l multi-screen
operate dive planes the hatch, the surface engine

c odlfplziﬁit/ ating preratipn oa gl vmél HEMErSEROTS, PidinaFgments, connected via

St e%(rarlnln)gter Im%ugt%cri t‘oafnnd [Hb pane E“o—pllot controls are included in the general

seating area.
The surface hull connects to the central framework either with glue or using bolts
_connected to pre-drilled mounting holes. It is a V-shaped powerboat-style planing hull,
and with the side tanks attached, the vessel’s surface profile is in the general shape of a
trimaran. The draft in saltwater is about 20-24 inches, and the vessel displaces about
30,000 pounds of water with about 520 gallons of fuel and a moderate payload.
The interior of the surface hull contains the main internal ballast compartments
completely and their underlying free-flood semi-controllable ballast zone, which in turn

house the fuel cells and air tanks. The surface hull also contains the surface engine
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hydraul i ¢ systens actuate val ves throughout the

vessel, such as in the ballast system In certain

enbodi ments, hydraulic systens _transfer power to the
WARK083880 | n many enbodi ment st he vessel of PREUS2007/072978
subj ect invention conprises three separate hydraulic
sysmhparsnent hed priepulosid cectiyp dnaoindomgsiys serfgceteheine compartment aft.

auxili ar draul i m and the control draulic

Sk DI SR TR RS ETehln M
gg¥p&;} but each systemtypically has a separate
rce of power. The propul sion hydraulic system uses

at " | edstpedn@lekmettsiace motuwdled powee ed iy Hullew pin icomreytions to the

electrical system _In an e odlnent t he propul sion
hydFaGHS %‘dstyé’ff‘éw*ﬁgoé@%t% PRl ot or s power ed by

the pr W@ %fa%le %ﬁ%}ﬁé a?éﬁ?‘e!h?md bl)Q c@l{kﬁ@éﬂegr {8?1%"31011 L8&tant metal
pri mary e ectiic sys em providing pow r

eloectmpesinhaesalc @mﬂ)mh&é&uh&ﬂ Ilyercyatednicat dﬁmrrec:hfe@plmowdes air

series q|V|ng a total output of 96 volts dire
o Ul Tareachek o AP “af Wé“awwlwmuéteﬁm}ét e entire top

g%hm%‘é»ﬁ?ﬁ X rnlpr't Rto)‘f'ﬁ ﬁcé Qﬁ%mtely aﬁ{n%nﬁ 1§ﬁle§sﬂfy &)mpensated at
PVes can berused for Fect ifonal contro
e ot ian® hiss, vdltuge pf @:pedssl mbub}d:féﬁﬁu r}necmstysﬁhle mepirtomoﬂamcnon of

power to a hull evacuation he hull evacuati on

plﬁl?ﬁpwé“&@étf‘?%ﬁtvé’rf amww@ewm F%FSt%ﬂcet he hul | t 0
hel p t 90(5 b%%gt autp%o gfefs&?searfe L9 & (ﬁﬂ%@%ﬁ% ssystem and are

stat e. fic systemto power f
| overes ih hﬁ sﬁffsde e(ﬁ@mb dbinganngerannk hytbmd&ﬁﬂﬁ dxtl‘h:@x Eight tanks, located
flexibility in nDuntln the thrusters

en%am?em gernglppall %g@épar&%%% pleEs) OQ&HWé@et G%h@b‘é QOpgt with one:
J cs%r"?‘u SAx{I]lth%d ?A t?lg 'éx#g%a{?% 21{ g_sntdol"ﬁ@&%ﬂ%r? }U%?‘%m O%Grates at 240.psi
CO/WI ﬂ(@hﬁ»rdghiht&iel TNeEﬁ*yib@ﬁt ho¢ S@ﬂ@\/\@ﬁnﬁrﬁéougl’mﬂirdtphﬁ and a three-
vessel , functioning as an effective transm ssion. The
aUREST Aoyl RGAIRAEN, @nd (st eHFsasINg FaRRATIEN HiyRgons gs the ambient
generate.fluid power. The hydraulic punps are driven

bﬁnflgdgﬁ¥ ‘ace engines 31. In an enbodi nent, the

vessel Thaoxtye: fayey alldcatep s upfatvde v orRatlyar®Behnected to the

surface engine 31. In an enbodi nent, one hydraulic

pURBSCPBRSPBIDTiEepy BReush axyeqas piesent 4y strahy #ohournef life support to
rface qut. driv 8 r LV

et e iR AR RN R o e K EReh Al cnubber i

vas&aited ihMh@pasadicer fahiparencaRan siEiient tbBees Gort 43ioul begtion.

fromall hydraulic punps are conbined to power the

st eeri n@le:sy@tt@ﬂwamawmnmeaﬂ@b@d@m cagh dipaded iptgmaly pto two main

cmﬁ%ol a Psed L m n%a S fotrvhle }1151 2HRE LX 1 artl% 1§t Bach side tank -

e PANE e PR urthier

ves ol'tage a er nat ors.

e ﬂb@lﬁﬂtl@@ teet foAg %ﬁ@l‘}’é ccfn'lkﬁﬁ@i Jon@ne @ the el faaks ithb@li MPScubic feet.
are conbined to power any ot her device which nmust draw

polieersider tomkistdie caisirbeleé obmpiateaig: With a high NIJ threat level resistance.

The upper body works mounts to the central framework via bolts on pre-drilled

mounting points. The upper body works comprises an aluminum shell molded into two
longitudinally-running side decks flanking the passenger compartment, each about 3 feet
wide and about 13 feet long. Aluminum staircases on either side descend to the rear deck,
which is about 10 feet wide and about 4 feet deep. The profile is radar-minimized, and a

radar-absorptive coating is used.
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The control hydraulic systemuses a hydraulic power

unit driven by the secondary electrical systemto fil

a hydraulic accunul ator. The hydraulic accunul at or
WOGPWL0880i d under pressure to e used by hydr BGIUS2007/072978
cylinders throughout the vessel. The hydraulic

cyl i ndems rédnahd sigeddcRehdletiadd sdiared doiyl atthehnfedialudre gun mounts
accurul ator actuate the surface engi ne intake vent, ,
bar masstle konelcs) cap i yéshedre delipeiably, Weli@regioperystesia, the decking
In many e [ S i .G r [ . ! !
PR o eSS o F e LS B BT il s g presen
maERYhRRRQMhIERNGS as WeE. secondary el ectrical systemthat
drives the hydraulic power unit conprises battery

banks cldwnelet@dfils yparrdiadswarkais hgllow aphhayigesghie faay batgery banks
19 S CATF STy bR RRE DL B R oy vorks e
stsefi@o ffddivwhyl BapP&reeh R 0althvah p edtdr k@ Btk dhdriaathdsembly during
accunul ator to a certain pressure, the switch . ‘
astbmatses anf eurfeengaling lewsopeition i apen at thesfep tp thereee-flooding serm-
T R B ol I Sl MU bt

not ving to

acti vatmetiigl Hyddrapeh i€ lReWRIod Wl -camybllabRBaBikt 26hekinahe lower
is used. Instead, the hydraulic power unit is . _
actifeet ladl tohilhpr piven thefhellgt exstam & udins pie used Bwssistde Matgl wduction
point. In.the.event of.failure.o he hydraul ic power. .
. i arunne Reelaurded Pl dSamaiEH st afhpotomed
OfredthifyAGIHSREOIRdvaAth BallabtMid@dafiedon@inOb dive®ount 70 cubic feet in
the stored fluid is conpletely drained. The subject

i rieduTné. dlsa b conosat pash dessie iityaal badlash corapasinegnt o qagh main external

| f | £ f | ti ons, of t.h |, It
STRTRY e PlnABTEPUA: SRR B8RRGSR Bl rebavonen
descri begh hgr 8AiRs@dyBtehOforhpridds kiablity AnRUMBAHES r@Mvird above the
Many different configurations and variations are

paksk bhéforasrdiam tike focdsdan ilivestle tarkd. Hregrimttgllpg compartments are
i ncluded within, the.spiri.t and rvi.e f.this
e A TR T o A RS E TS ¢ ne

. presentg,i e Rbk &N hovalc8 D th@urdb iHeRepdiad: tﬁf@iﬁ*é%nl,u,ﬁl%g. Ukt drives,

for .recreational or sporfing purposes. A centra .
f reimeverdpresursedpeswngordt sepd), providelsedmegrordsion. (Hviungpllapsible

of rr.osionresistant netal of c osi.t.e material. o

AT B et Gsp BB amP g o 4 20 & it Rt S g nside

CORdinldi@Rernd BRURE ESBpHuASRETD! | s attached to the

central framework include apassenger conpartment, a

sur f aceTwalalternatorsuppem oty snoeéessngmesurrbade pewgi tethe electrical
system. Four battery banks, each encased in a submersion pod, provide electrical storage
to the primary electrical system, which operates at 96 VDC. Each submersion pod is a
tubular pressure hull of material and construction rated to the maximum depth with safety
factor. Each battery bank has eight silver-zinc 12-volt batteries connected in series.

The secondary electrical system operates at 12 VDC, and is provided electrical

storage by two silver-zinc batteries mounted in the surface engine compartment, with an
additional emergency reserve battery. The supplemental electrical system, which operates

at 110 VAC, is provided by an inverter mounted in the surface engine compartment and

attached to the secondary electrical system.
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conpartnment, side tanks, and main internal ballast.

The passenger conpartnment nounts to the centra

framework via an external seri

WO2PWN00 r esi st ant nmetal or cg§p03|te mat er i aPCHANYY7/072978
It conprises a cylindrical exterior pressure hull with
hen1spHﬁ%M@ﬁﬂpBﬂ@g<mihénp%es&ﬂ&@@MMmqCmﬁpw@m@wgwwﬁﬁﬁ1Whmmc

T e e
t 'ﬁ&&&@ ESthectBYR) tht ¥rim@A k1 &onal fueh ﬁ‘éﬂ teehiideiéc B@ters mounted

e Anerican Bureau of Shipping (ABS) standards for
t hretlﬁepm hf tietuppgr lanly waketop dithetsote. of Therdantiedk, provake subsurface

t he passenpger conpa nt.i outfitted a

R dets AR AR o SR S R o
conpongfit $u e JFBHRL %grve FRgpt RlaEFdwl t&ﬁéo@s'@ p'ré‘\xéi@ Yower to the
style with seating for five passengers, including a
piabiodiaryi h[ydeauht: rsgbtemy whmdf p®erts irind and asteamogribgbe air drives. The
condi tioner is included. The front has cont

R o S S Ay e G ST PG T B e By a pump
v { he B&hh @k% G ﬁ'lt(@g ith
SRR L SO RO LIRS0 i
huytdreccioranectisnulatot.he central franemork e|ther mnth

| ue or_using . bolts ti : |
%oles V?ﬁgéswﬁgﬂﬁ @H b@ﬁﬁ%§§p§§%qér ﬁ? Q%QQWW%SmBmg
ang é’f" tantoéhﬁ Sclhﬁ ckﬁﬂngﬁ)ttﬁ{ o ashedh 5rh§m‘é§sz§r§|pr@ssﬁfé[dcoﬁﬁ)%nsaled

pro Ilel e general shape of a trinaran.
draafditiomal sdltirgab emurscaailoo utvi2e- aZ@ﬂfpnemln eswbmmismlh pods

vessel displaces about 000 poun
about 526 SYHF V6iE! léﬁbwégﬁgﬁ@ & Eﬁ% r“gf’lé%?td%‘&? atipgyvaterline.
! nith%rtb@F b%fn W‘B S f.ak€ fihika %omoﬁi [‘§5th69( R ﬂw draft is about 20

i nterna I"ast™ conpartnents conpletely and their

unigéick yitadgcighe & 4domod fs<ﬁm 0 oomdsrfadnh 8l leecbad thagop abthe passenger
which in turn house the fuel cells and air tanks. The
SUPTREBMR ey esse!durels b ut He Yurerade™ By e

conpartnent and a free-flood sem -controll abl e ball ast

zone surroundi ng the surface engine conpartnent aft.

The exterioi of the surfacexXhMHLEshell mates at the

top to the upper body works via glue or a gasket sea

The surfhséellenys pabedimsat ¢bmireieat BV eion sphonfigupiliep tpg may be
c tal or conposite material, and a
q;Fgﬁ(gnn §§Mfé®§ <£§ vent door at the top prOV|des

air i ntﬂls@ltraﬂfrbﬁl’e@efk gasketomyrisiges lAicatrher bceeimbagdf corrosion-
hydraul i cal |l y-actuated, seals the entire top. porti

ofreﬁlﬁéntc@%ﬁ@r ¢ rRpES e TRSCTAk A RIERPTRHET RS- Q{é‘i’rﬁ&w%‘mﬂi foguithstand
%B&%m%?ln Sb?f;errg}qy %Esquﬁltep dl%QQG(h & ufk Y MM BaREwork include a

cub
passenger compartment, a surface hull, an upper body works, a surface engine

compartment, side tanks, and main internal ballast.

The passenger compartment mounts to the central framework via an external
series of corrosion-resistant metal or composite material bands. It comprises a cylindrical
exterior pressure hull with hemispherical ends. The pressure hull is rated to a depth of
600 feet with a safety factor of seven and is 15 feet long and 4 feet in outside diameter.
The material thickness, quality, and construction technique meet the American Bureau of

Shipping (ABS) standards for the depth rating and safety factor. The front end is
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Two 5,000 psi SCBA air conpressors are used to charge
the air systemand are |ocated in the surface engine
onpartment and hydraulically gglven Ei ght tanks,

W@é&‘iﬁ’éﬂ@sﬁsﬁ the main internal I'l ast conpart meREE/US2007/072978

store 500 cubic feet each at 4,500 psi, wth onein

r esepydgonnediceahd derche abnecgdincy the fovepriadd uppes portions of the
primary air system operates at 240 psi via

dBWe‘?%éﬁ?rEP NThe anmbi ent core reader conprises a

st andarfle RiPgordMehedalRhEE Lo MPFRH i QAL ITRENANE Hi%tal BN mposite

the surface engi ne conpartnent functions as the

abbi-euite Gomewonknifonl whicl e mqugemonmwk@ltaa@ lhoma@dadThenmterlor

t he upper rks .and are connected to

LR G110 LG Pt CTEHO G AT G GRS & T BE SHYatign device, and
SUpRly g B8P Serfdbrs! nfcﬁldﬁllépcpgi%t TRe HoNEhREISAASL panel and multi-
according to ABS“standards. A cartridge-type carbon
disaxédeisptryublbering opomtiot ed dlhvedsel passengersors, and instruments,
conpartnment with sufficient stores for 48-hour

oSegclegyia g H%‘ng'ﬂtaremf"ﬁﬁ?‘gb%’r”é‘f&Flpaﬁ‘arrpensat ed and are

each dip.deg, JnlRLBAel% (b ME Qedh@ f%e@oﬁ?‘éﬁ@ﬂ@ th DAL bASding bolts
conpartments and one forward trim ballast conpartnent.
Eacinesiddao pandrilicl mbouing A8lef.dets aldospdgceaant lmﬂeﬂmhbft ne@.hw ater
vol unme of the side tanks is about 21%%: cubic f

uﬁbé?epsbﬁvnv%% DY 6t G arme Cb e B S FRYIHERS g10and 40.000
ly OJF B 'he upper body

\Ng r Izdscdgn\g{rt%s\gliﬂ glﬁgg%er gFﬁa%Igg}ééI%g}, ?Ey?rg?dded into two

| ongi t Udicnatetiye ofithé agfast dell deakss thcankin mgeﬁnlabballast compartments

passenger corrpartrrent eac bout 3 feet

aseuy! @@Yﬁ%&hewﬁaﬂ WIS fersef | 99dop gy veEgh @tﬂaw}* 3@?de?4 cells and air

e|6£ %rTﬁé g.g‘faqgﬁgﬁ%go cgnttanl theal A ke %61ﬁ€arh§en@ggc‘}’5 free-flood
eet e an out 4 feet oieep a pro

atstathedrseadihghefsorfacsienginassepgensnt aA. Sipoixiteior ekthe sasace hull
over the surface engi ne conpartnent cover and i

S u

f shelhatsrhige e irderaimady H’@“?Sa‘/df’agluﬂ Bhiegasig scal ﬁ’ta&r(‘?g% surface
of i o}
ba{}uglng cgﬁ {%tselaag ci@fﬁg lf? P}eosﬂ%l Q/nﬁl‘&%{/stﬁﬁn%ﬁ] g}ef gcﬁg)m of the
| Wsn@@f&h@ﬁﬁm@ﬁt t he upper body vvor ks have a seri es
of one-way f| apper val ves, allow ng water and air
ent er ahif sexipec qnﬂ@ea@@@%nwdwbw%ﬂa%?dsq TSI reSlstant metal
surf t

c%ﬁp%glae Iﬁ?s él?h%éow 4“32%15%58%2‘2% Qénetcdtglsro %tetﬂg t(g}pprowdes air

S Llﬁfaﬁbl nad laﬂ@rtghﬂce& tirfoad & tBeGhanedigapailitaBnictualdiesdatslthe entire top
gates open to free-flood areas in the | ower surface

- hutartiemofithe ¢oreparuangd he Ferfasaiensise caPRYTERSN! PRFSE I gF@npensated at

“Sc?gtﬁ AR a ol X\@ato?{:lt dNR b0 and expul sion. The

fOU mai n |nterna St conpartments are

open- bot#e HEId)Orpgﬂia@Bglahx&fonﬁﬂe@SSrslalrm&sﬂ:dm t}lmr@sanhb asfsystem and are
liners and conbine to give about 170 cubic feet i
v oloeated m|:bbgsqrfagpgnggwémart@g@}ﬁqqlé]yﬁrauhcally driven. Elght tanks, located

in the main internal ballast compartments, store 500 cubic feet each at 4,500 ps1, with one
in reserve connected to the emergency air grid. The primary air system operates at 240 psi
via down-regulators. The ambient core reader comprises a standard pipe and a three-
trigger float mechanism, and the surface engine compartment functions as the ambient
core manifold.

The oxygen tanks are located in the upper body works and are connected to the

passenger compartment. Enough oxygen is present to supply at least 48 hours of life
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i nternal ballast conpartnent to each nmain externa

bal | ast conpartnent, and the exhaust pipe valve is

| ocated in the passenger conpartment. The trim ball ast
WOPWMOBSApri ses stability tank8 mounted rear wBEHUS2007/072978
above the deck and forward trimtanks |located in the
Sistigpdiriatokso pthend, raccorbalgl tastBE enphrdsmdndstralee-type carbon dioxide
ai r-conpensat ed and conbi ne to give about 19 cubic

f sgublgr 1y gloupksd gmltl}eagaésmgomgarrﬁ}e@{, pv&éosulg@,mpmtores for 48-hour
4%g&gg&§epomer mari ne inboard di esel engines through a
two-to-one gear ratio transm ssion, generating about

3,400 floetrdpoukdscafr-doaipguetatandaxicatindit fded $itern@U into two main
drives which are pressure-conpensated at depth, ,

p colErpeba @ﬁtﬁg@)@axﬁm@@@agij ere fopyiyd trarg |bp1g3‘§§gcq3p@artment. Each side tank
ba = bd ri e. di fuel I !

1ent T p RSB M R IR b e By e BDitbic fct.
bal | astThe apfpambbaeRosks mvtald @¢ baar Samewbnkevia byltd diepre-drilled
surface engines, provide power to the electrical _
syRBeushNg Pellrs. hhe beps tediirerkeeprprspcadberglass ghell molded into two
sqbnerai '

pod. pr ct rical , |
SRR GRS L 0 A0 B o3

Sy
Eagie subimisi VRetdobl iFpuactitbubiasellplesisiiteahd Bldl [dfi, are present on
mat eri al and construction rated to the maxi num depth
withhurnef Bedy werks.dYlouBHeHob TG BAYPHARK Azs!s @lsghresent.

| ead- acjd.12-vol.t AGWt ry. cel tieries .
cannect 0 A S B AP MR Y SR houy Bld g o ppery bk

OR@H @ EBecfiooliZoWECThangpérainPievdr@edioal 8CthEiupplr BUOHAYE have a
by two fead-acid AGWtype dry cell batteries nounted _

i rrerigreofsuie i dlapng Yidvesombrayinastter \grier ad xddhe pssaaply during
energency reserve battery. The supple tal el ri.cal :
SyeP B R i Tl en AR LT, s gl athe somi

| N\airbedd MM t&FiohRutrbendibs fRGErRREh AR compathemRnt and
attached to the secondary el ectrical system A series

of punpkhelhold getesionan to iige-dlppd atses o ity necconisas hurkaill or purge the

O PR W BN Dt BB B . PR i
M h R GAMREES@hringeritd Sre R ABbYoBE Bk fah S@br BY:Ek8ifed with ballast
grid. Main hydraulic thrusters nounted to the rear of

t Henetppereomby tovervksbowrl 7@ictbie fees inde lwie. thee trapsgongedt kach main

pr.ovi d bsurface propul.sion. Forward and aft

PRt bt P BB A e LR B it ment and the exhaus
Reﬁi?@%l@@]s@oc@te&ﬁn R ANRSenBUnGfrthent he forward portion

of the upper bodyworks assenbly assist pitch and rol

cont r ol TheTha salleftatyetcengimierssed stiaidtplanissmoinatep oegsyvard above the

AN E TN AR T A T —-
dr ;M 8Smpelifed and combine to give about 19 cubic feet of volume.

Surface power is provided by a single 440-horsepower marine inboard diesel
engine through a two-to-one gear ratio transmission, generating about 3,400 foot-pounds
of torque at maximum thrust. Out drives, which are pressure-compensated at depth,
provide surface propulsion. Four collapsible baffle-lined variable displacement fuel cells
of about 130 gallons each are located inside the main internal ballast compartments.

Two alternators, driven by the surface engines, provide power to the electrical
system. Four battery banks, each encased in a submersion pod, provide electrical storage

to the primary electrical system, which operates at 96 VDC. Each submersion pod is a
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15

control hydraulic system actuates val ves, dive planes,

and vent, and is driven by a punp attached to an

el ectric notor powered by the secondary electrica
WO0WM0BRd with power stored PR an accumul at oPCTAI§007/072978
vessel is outfitted wwth GPS, radar, forward- and
doviwapcbsaeadilhgl menasl,andudmepidton, ratad o tbhantinphodepihnvg th safety
Ext ernal antennae are pressure-c npen%ated. The entﬁre L
vy Fpgh hatery mokihgarcighy lppih 12ne pdiy-tas figege!! batteries
I . terline. The total beamw th side tanks
i%gggﬁ%g&pggﬁgbout 13.5 feet, and the draft is about

20 i nchas sechdalyeighical s/saboiperfed e, VIDQ, amk @sovidedmlectrical
the keel to the top of the passengerconpartnent and ,
atwgedyswoelsed peig ENetRe Y ¢3! baEstics piaaniedyp the surface engine

S i . . i , ) .
S0 5 R RS S PO 1 e
| Ry®&hiWwhich dparacenf | QUVAT, Brprévidéd bayn bectsafountddoin the surface

mlitary purposes. A central framework is used,
c GRPAF SOHBArARCt 2pd atibhed oke sagpndryy tectrical system.

corrosi,onresi l.or [ i.al- -
Sonr oo B BBl O GRS TEOSH Bl ot
Cadiet ivAnRS. is TdriPitedes the as8Q0IME icB8. ahé pahpdateotesd by electric
central franmework include a passenger conpartnent

A ) ! , a
surdtaiseomiscied taheppiprry derdyjcahbrsies; Sad-dain Brkadidirhers mounted
ngﬁ%réege or}lthe gt de? bg(%? &81’]{ ,%deitrﬂ%% glfi!: 8%' 1';3"1192& d*%él lp?osvlide subsurface
The "passenger %%npar rent’ mounts: to e centra
f asmIeGK PorRar@dnn@xtieroallicehises tabes provide yaw control.
corrosion-resi stant netal or conposite material bands. ,
|t conphicsedacs eaginenlili-&raye pamPe £9 Biovsedewiar @ thaauxilighthydraulic
hem spherical ends. The pressure hull. is-fat ey
dapt Ao BB R e s R R el S hEL G Bftig svstem
15chert vhneg andpiéndsegid Vdit,Quil 3¢ diéveti B henp alth@ied to an electric
materi al thickness, quality, and construction _

t antini qoweredeby tthe spemadiry afledBiad iysism ghfl ppithgopapspred in an
standard; for the depth rating and safety factor.
Adﬁ???%ﬁgfly, the naterials used for construction have

a - hi gh Medebdd @adutti@abiti @?B,S’rta@ﬂ?ﬁ)m’-ﬁhﬁah@ﬂ@@h@ﬁrd%@nsing sonar,
t he passenger conpartnent is outfitted with a nmetal or

c owppsiot, endokart pllodiingr BErtewel dntapen avgiressurcheoningnsatddor
conmponents are nmounted. .The interjor . all seat i :
For 11 vasabkaraR BBl At oo ST sk Mo watertine
| ong otadlivBath | With AdE eakepunlRd idhboud and fdeQRBY theSdraft is about 40
included. The front has a control panel and

muh¢lies stireelmgleti is pbaiy Gafettold ngheplemt the ledfto dicl toy g5 ke passenger

Sycsf)trne})rgrstfne%te. gr\%éseﬁvggighsnast}o{l%&sos pou%%g r\}v%%rtl gldy via



a conmput er nmounted behind the panel. Co-pilot controls

are included in the general seating area. The surface

hul | connects to the central framework either with

WP 309408888i ng bol ts connected 8 pre-drilled nBGRUSAY7/072978
holes. It is a V-shaped powerboat-style planing hull

and wth the side tanks attathédS the vessel's surface
profile is in the general shape of a trinmaran. The

draft in saltwater is about 20-24 inches, and the
vgﬁggb;gjsplaces about 30, 000 pounds of water with

about 520 gal l ons of fuel and a noderate payl oad. The
interior of the surface hull contains the main

internal ballast conmpartnents conpletely and their

under | i Agpurpeseconibsae siLreyHCCOMPABINE: bal | ast zone,

whi ch Bnu%#%ﬂ]mOuse the fuel cells and air tanks. The
surface hu al 5o contains the surface

engi necosipad dRite canfhaAmkhenkingadleagoht engisar r oundi ng
the surface engi ne conpartnent aft. The exterior of

t he sur¥ftadlestsydigm spaprisipgeelsasone RdlasME e @pper
body mq{ggs%jgcghy,noglg gasket seal . Tor pedo

pl acene S5°AFe TRErUded  on the surface hull with
connectyiasn e fRengbesinipeahengid dolimepseuitile Wieh the submarine
conputer fire control. The surface engine_ conpartnment

i sraxidetss oo iurlaee etia bpdy of r‘v@@r,cﬁﬁkraétst%@twrltwef" Hie ygume of the
conposite material., .and hydraul i cal | y-actuated vent
dé%‘“@?mfﬁng%Bm%H%§¥3§§33F¥%ﬁ%Fake. A. larger gasket,

hi nged at the rear and hydraulically-actuated, seals

the entire top portion of the conpartment. The surface

engi ne Lomsatpmente fxophies sueleie dnpdasat &l asssgegst fompartment
and has a volunqlﬁf at least 110 cubic feet. The

net e B USEY 'SP const ructi on of the conpartment are

of a high NIJ threat |evel resistance. Two 5, 000 psi

SCBA air conpressors are used to charge the air system

and ar e3.| Geaubdaiine adverdng tackinengiviercao s Passengcr gagpartment
hydraul i cal ly .driven. Eight tanks tIocated in the main
iﬁ?%Wﬂ&FSﬂh?ﬁ%@?I%%ﬁ%&&?%ﬁﬂ%@f”&?%?@“%oo cubi c feet

each at 4,500 psi, with one in reserve connected io

the enmergency air grid. The primary air system _

oper at e4 Jte spiapys acgpalintoiarclaisy Ll velieoris saithellashbyséen is a staged
core reader conprises a standard pipe and a

tkﬁ%%@&%ﬂﬁ@r fl oat mechani sm and the surface engine
conpartnment functions as the anbient core manifol d.

The oxygen tanks are located in the upper body works

and ar e5.cOmrebmedng @cohiengplasdemdge furthongariisiga ceEhaltpmework;

? é%ggrginl tﬁe glrrgt%ee I?utll, Eh% sgrlfgc%le}{gi%es co%}yarrt?ne%{ aIll({ tLg pg’slélg%grr (:tompartment

are each attached to the central framework.

6. The submarine according to claim 1, wherein the ballast system comprises at

least one fully-controllable ballast compartment.

7. The submarine according to claim 6, wherein the combined volume of the at
least one fully-controllable ballast compartment is from approximately 125% to

approximately 315% of the total volume of said passenger compartment.



five persons, according to ABS standards. A

cartridge-type carbon dioxide scrubber is nounted in

t he passenger conpartnent with sufficient stores for

V8 29(0888Per ati on. The side talks are air- conpBREAISNY7/072978
and are each divided internally into two main externa

bal | as8. EMnnmﬁmmﬁlh&xmmd;anﬂmﬁoTmﬁﬁﬂahnmdmmmﬂmmmmmumeofmcat
conpartnent. Each side tank is about 28 feet Ion

¢ IeSicoitebiHEFODEP RS BF14sh E0RT G ARk P PEbGElY 205% o e tota
Cc sl de .are constructed of a

%Qgﬁméﬁ§&dfﬁgsn &.%nkﬁﬁ&§%reat | evel resistance. The
upper body works nmounts to the central franework via

bolts on pre-drilled nDuntlng poi nts.. The upper

wor ks ohfr ubatiriag aa%@ﬁl& tnsI&HED. W e gl ?Wﬂlaﬂ%dw]ume of the at
I i tudi I 0
paed S B ML Sa Bl BRE el PO, Bdfopipgerely 75% 10
akappxbxﬁq&ne‘lga ¢125%foghe Bkl B LN 0S b @ifAce AsPSacemert dfiier submdene.
descend to the rear deck, which is about 10 feet w de

and about 4 feet deep The prof!le is radar-mnim zed,
glngea dregg@whsg\gé%rl Iaé/c%l a%?ﬁal ﬂ%ng?}wggrgg{ a’-l %01(18?16(1 g\ﬂgme of the at
gUshsMBN il Qon o B St ik %ai]@lﬂ REMPErEmEANs BEpRKiAQERA.00% of the total

Additionaluy wel I's are constructed into the decking
soofuesoiopripgesd pplacemeahohbe péxt@ieeed i nt o subnersion

pods. Subnersion pods are present for housing

munitions as well. The interior of the upper body

wor ks i13. Tl dubiiafiRdladtoriz@sio them b oukerbiatah @ thyolganks parttations in
the free-flood zones. The upper and | ower portions of

t Hee pipprere thidldare lenated ih évéoaesé, gritdeaf the velneegayaif Pegspes hull.

val ves, allowing water to enter and exit the assenbly

duri ng subnersion and surfacing. The | ower portion is

open atj>t fige §i@MarhR kbgdihteechin®0divAgeEeMCantatOhhiaklglaning
bal | ast section surroundi ng the surface engine

cdmpart ment. The hull gates open to free-flood seni
-control |l abl e ballast zones in the | ower surface hul

to fill or purge the ballast system Punps are used to

assi st 13N WAt efubhdue tdc@idRB oM 91 QlherdiRSsaf DUl fRBIHA is a
|nternal bal | ast conpartnents are open-bottoned

r ebspdargukairhubloxes |ined with ballast |iners and

conbi ne to give about 170 cubic feet in volune. Pea

traps connect each main internal ballast conpartnent

to eachmefife exb@hAad RadliRst CemPAr i Mikorcianshid N@rface engine
exhaust pipe valve is |ocated in the passenger

c orwparttmenitis afbecnt-prassbakomasinsgygdt em conpri ses

stability tanks nmounted rearward above the deck and

forward trimtanks |ocated in the side tanks. The trim

bal | ast)scofRachmMse at&rd@hs -©OMRRNSAL e@nabfh SAIuRBce engine

to give about 19 cubic feet”of vol une.
compartment contains an ambient core reader.

16. The submarine according to claim 15, wherein said ambient core reader

comprises a pipe and at least one float trigger.

17. The submarine according to claim 16, wherein said pipe is about 18 inches

long.



Surface power is provided by two 1400- hor sepower
turbi ne engi nes. Jet drives, which are
pressur e- conpensat ed at depth, provide surface
WO3MN09888A. Four col | apsi bl e b&Efl e-1ined vari BETAIS2007/072978
di spl acenent fuel cells of about 130 gallons each are
| ocat ed 8i Nisd emhte: mabmingtd eranall 6bahdrastaid anfpast binefids rigger is
Two alternators, driven by the surface engi nes, .
prerarded femetyviogier Aeatdngedr dhiros pethetpenipgye! st pigy fy at least 3
bzi\lrpg})t each encased in a subnersion pod, provide
el'ectrical storage to the primary electrical system
whi ch operates at 96 VDC. Each subnersion pod is a
tubul ar pressure hull of material and construction o
rated tl§- thhe SHaRMEIESIHE (A tIRINg df athgreppadpt lesicppe engine is
,b%%ﬁg£%m§gg§0ng§h%{ght silver- zinc 12-volt batteries
connected in series. The secondary el ectrical system
operates at 12 VDC, and is provided electrical storage
by two silver-zinc batteries nounted in the surface _
engi ne Worparthreaiine aggording o elaian ¢ Bribgr comprigagmegljcast one variable
reserve battery. The supplenental electrical system
mﬁﬁ%¥@%§g?gﬁgg%gt 110 VAC. is provided by an inverter
nounted in the surface engi ne conpartnment and attached
to the secondary electrical system A series of punps _
gftaétsone variable

| ocat e li nTheubsuaring ceccaigizrie ctampit (RSN ek et
hydraul i c wer . whi,ch | ' Mo iC
ot DG T ore TR G L 5 blifopesthait
connected to the primary electrical systemgrid. Main
hydraulic thrusters nmounted to the rear of the upper
body work$he gipnedring a¢cogdiagtoglainhd), pvegeingaid K anghleiispigcement fuel
sub urfaceQ%{QQuHshgnTmformard and aft hydraulic
t hrust 8P vk Y@Svfte yaw control. The surface
engi.nes drive punps via power takeoffs to provide
power to the auxiliary hydraulic system which o
provi de®?. tThieraubmering eeseidigg toclaive 28uwheteinyeid fipgble material is a
c%ﬁgﬁgl hxgraulic‘fysten1actuates val ves, dive pl anes,
andEVERPOYIRE ] ven by a punp attached to an
.electric notor powered by the secondary electrica
systemgrid with power stored in an accunul ator. The
vessel 14 Toasdlinared agdordingdd ¢leiar i '@HEST corapizsing aheppribady works.
and downwar d- sensi ng sonar, autopilot, and chart
plotting. External antennae are pressure-conpensated.
Addi tiopal Tid Kign@fihe CREFAMCRE Ealin daY iRk kad Flfsp%%ﬁﬁbdy works
i n subnersion pods. The entire vessel is about f eet
i ncdnepregieh aldngbt abosemiz8nfreldble ballpsatonthe wat erli ne. The
total beamw th side tanks installed is about 13.5
feet, and the draft is about 20 inches. The height is
about. 67§ eqthe kBmaAthasokdiagth Reaikedd, WiRrdil@aldoBRE body works
t he passenger

comprises at least one stability tank.

- 27. The submarine according to claim 24, wherein said upper body works

comprises 2 side decks and 1 rear deck.

28. The submarine according to claim 24, wherein said upper body works

comprises at least one manipulator arm.



conpartnent. The vessel wei ghs about 26,000 pounds
when dry. EXAMPLE 3 The foll ow ng enbodi nent of the
present invention is a conflgu&?tlon that may be
‘Mgéﬁﬁﬂmﬁ$9 i ndustrial purposes.” A central franmBabiio2403/072978
used conprising an |-beam or box tubing of
corrosE%hFésﬁémaﬁﬁwwnﬁammﬁﬁKb@ﬁ@béﬁt@hﬁﬁméﬁméﬂmpﬂ body works
Agﬁrop Sg_ross br%ﬁhﬁ is included to withstand sea
8??*%% REC PP Bsenbl i es attached to the
central franemork i nclude a passenger conpartment, a
surface hull, an upper body works, a surface engine
conpar 8irehite, sindaintcanksrdintd plainn 2éntdicran shial wppst body works
The passe conp rtment nounts to the centra
fFQﬁg qg?%oﬂ% Sﬁternal series of
corr05|on resistant netal or conposite material bands.
It conprises a cylindrical exterior pressure hull with
heni spBeri dak shuerindhecqdiegsarcdaitul | firdier gomdrisiog gt least one
depth of 600 feet with a safety factor of seven and is
15UF¢EH°P BAY and 4 feet in outside diameter. The
mat eri al thickness, quality, and construction
techni que neet the Anmerican Bureau of Shipping (ABS)
st andaBds Thorsubieridepréprdiagi tagelaind Isdfghsgr ¢approvng Theeast one
front end i ose of a lic, and there is also
aéwyp?ém?ﬁo€ﬁ99 Eﬁhep{hﬁﬁﬁy portions of the
passenger conpartnent. The interior of the passenger
conpartment is outfitted with a netal or conposite
box- t uB@. Threasnbmorike aponiinhiocktrimHe flirthiere dropristiegrp drveimns air grid.
are mounted. The interior includes a folding berth for
sl eepi ng acconmodati ons, a marine sanitation device,
and seapifig sﬁQﬁlaﬂH@ao‘%@m%faﬁn 3"’ NQkYRIsNG Ahi gl le:EsurJﬁeammgc
front has a control panel” and nuiti screen display
aldridywingnapercatairgmrido iin ambienepsedursas t@npsnssiemsgirds andaandoxygen
instruments, connected via a conputer nounted behind
t W&ldpanel . The surface hul| connects to the centra
framework either with glue or using bolts connected to
pre-drilled mounting holes. It is a displacenent hull
The dr &bt Thasubalatinat@ordisg edqper34t Wheretnhratd logh-pteeswe air storage
previ ous exanples, and the vessel displaces ar
ozr@@enﬁaéﬁwgga%t Lﬁﬁgéﬁwwrﬁswf Mleaﬁh&}f‘ 34 14 ﬁa ‘ﬂ‘é@é&f&?@ hose,’
p@%h%?%mﬁEH@vMUEer'or of the surface hull contains the
I'n1nternal ballast conpartnents conpl etely and
thelr underlying free-fl ood zone, which in turn house
the fuel cells and air tanks. The surface hul

| so -
cont ai é- tthe sehpeype a%cr%qhH% te Gl?ﬁar%%éﬂ%ef%ﬂ Fayl atleast one SCBA
f rc%ﬁipfrésg&qs rated to about 5,000 psi. '

37. The submarine according to claim 35, wherein said high-pressure air storage

grid further comprises at least one takeoff valve.

38. The submarine according to claim 35, wherein said emergency air grid

comprises at least one air storage tank capable of storing air at about 5,000 psi.

39. The submarine according to claim 34, further comprising a low-pressure

primary air grid which operates at a pressure of about 240 psi.



section surroundi ng the surface engi ne conpaitnent

aft. The exterior of the surface hull shell nmates at

the top to the upper body mork% via glue or a gasket
‘¥@éW””P%%P of the surface hull s constructed BET/US2007/072978
acrylic to provide a view ng w ndow t hrough the bottom

of the passenger conpartnent. The surface engi ne

conpar is a box constructed L . .
corrosrgeqb%§r@?§HF'H€f§ngP‘éﬂﬁbgéiwgaﬁQF@F%meegﬁge§u“fMr
h}é%?%§a9§1‘r Lk¥a @&{dé@tts efarV §Abi A0 Blanfibi@. t op provides
air Intake. "A | arger gasket, hinged at the rear and
hydraul i cal | y-actuated, seals the entire top portion

of the conpart ment, The surface en e conpart
pressurig: E@Wﬁé‘ﬂg’aﬁr@& ACOHE HO aflg @ beg? n‘ﬁfsméace engine
ahg &DaIQIQCIQHQIS'ch 2Bt Crt Jd@@m’émggg{ psi SCBA air

conpressors are used to charge the air systemand are
| ocated in the surface engi ne conpartnent and

hydr aul | caIIy driven ght tan ocated in the
i nt er nat?- bag ?“&&ar‘%n%ﬁaﬁflrﬁetﬁt“ m 40%6@51@& mp/%enfgéréitcompmes ai

e [
e B R A e D S b umen
operates at 240 psi via down- regulators The anbi ent
core reader conprises a standa p
thr eet A3gdéf TPEARNGRCREIMS I} © L ﬂgﬂrrogeéls@ﬁg‘raﬁ@n dioxide
cgg&gg&nqungpnctlons as the anbi ent core manifold.

he oxygen tanks are located in the upper body works
and are connected to the passenger conpartnent. Enough

oxygen |s resent to su at. | east 48 hours of
i %/g s u € fubrpagse 6“69r0§g 0 chpisti ‘HHl of gPrNpEIsIng at least one oxygen

.Sttgﬁ{j @kéﬁgtsem éoéh&gtrl&{s][ &Q%x#@’ Gtalﬁ@({d?i%‘éhd%%hﬁ%x% sHRBEE: rhierial are
nmoun assenger- conpartnent wth suff|C|en
stsarfaserdtas p14)8/1(ftdlfé sopertddil HadulThensisder stacekis4(alicars.
air-conpensated and are each divided internally into

two main external ballast conpartnents and one forward
trimba AR

f eet Id%%?ﬁg ggﬁﬁgmco &négﬂﬁgnﬁngﬁgngﬁg®§? g?%ﬁﬁ§$d€MﬂG
is-over 350 cubic feet. The upper body works nDunts to

the central framework via bolts on pre-dril

nount i n@() DOF AelmarmiRacepsHas thdayn Mrwésef%rrﬁmtélésmémed volume of
f Is%? dugtsa%k Pealblout%S %ﬁgﬁc' %tto two

Iongr runni ng e decks flanking the
passenger conpartnent each about 3 feet w de and
about 13 feet long. Four extra fuel cells, doubli

the fuet’. |T@aaublaatréie@rﬁé§@ﬁs (plathdS o sswam@mbgned volume of
:\/ﬁs%g(} srggtalg aWeaMngﬁlgtfgert arms is also present. The

rior y works is hollow and houses
the four battery banks

48: The submarine according to claim 45, wherein each of said side tanks is

divided internally into at least 3 compartments. .

49. The submarine according to claim 6, comprising at least one internal ballast
- compartment contained within said surface hull and at least one external ballast

compartment contained within at least one side tank.



and the free-fl ood zones. The upper and | ower portions

of the upper body works have a series of one-way

Happer val ves, allow ng water 9 enter and exit the
‘¥§§@Wﬂwymﬂurlng submer si on and %urfacing The PER&IS2007/072978
portion is open at the rear to free-floodin A

s eni coff.riglelsebmpand eascnrdlsweéq ¢laim $Uryl mmmanbatgqa@ ogg ifead ballast

(g‘gnael rﬁcg} S C(ings\(g tO a] temaL uzg f On? dl? anfr)l?wgg(lf)ga &%%CO%HGCUOH
ballast system Punps are used to assist in water
i nduction and expul sion. The four main interna
bal | asﬁl cﬁmabmﬁnm wearmgopelanh6? tvdredn pedatdgaghiang mtermnal ballast

boxes _ t Ilners and conbine to give

aboupP™ 9 dﬂﬁ%%ﬁwgé? %ﬁ“bgfune Pea traps connect each

mai n i nternal ballast conpartnent to each main

external ballast conpartnent, and the exhaust pipe

val ve P8 membe@nnmmxhﬁnpa@s@ngé9\Emm@aﬁmﬁﬁmwﬂxmhmﬁmvﬂbabﬁ

trimball ast sy, zg1co rlses sb%Blllty t anks nount ed

r &3P IHmEHBQ%rVﬂ TEYROIRE S MR PE P m t anks | ocat ed

in the side tanks. The trim ballast conpartnments are

ai r-conpensated and conbine to give about 19 cubic

feet of3vEhasebm8urfacedpevercliis: py.ovhded did & Isishghe external

440- hor sepower i nboard di esel engine through a
%II%SBC%HE ATHBAN 13 %ﬁﬂ?ISI“tprr%sﬁB’i‘?lCQQPSHSdtiﬁgner ating about

3,400 foot-pounds of torque at maxi mumthrust. Qut

drives, which are pressure-conpensated at depth,

pr ovi dé4siind subenapino padosiimgto clour 1, odiekapsiidbbubmarine has a length of
baf f | e- g d vari abl e di spl acement fuel cells of about

1 ﬁsﬁgplgﬂgteach are located inside the main interna

bal | ast conpartnments. Two alternators, driven by the

surface engi nes, provide power to the electrica

syst emS5Fdbe sidatdrer pcdvahks o danihd e mbasetsaidsubmarine bas a length of
%bner5|on pod, provide electrical storage to the
présihaR 21 GEL ri cal system which operates at 96 VDC.

Each subrersi on pod is atubul ar pressure .hull of

mat eri al and construction rated to the maxi mum depth

wi t h sabeflfebaahoine afachinpatdany D amkreasidsgugimarine has a length of

| ead-acid 12-volt AGWtype dry cell batteries

cordRaned) iRt seri es. The secondary el ectrical system
operates at 12 VDC, -and is provided electrical storage

by two | ead-acid AGWtype dry cell batteries nounted

i n t he squrhacebrengicnecading ar daeniq, whictdn sund sauticiatindmah length of
energency reserve battery. The supplenmental electrica
sJ@Fg llﬁ%‘%h operates at 110 VAC, is provided by an
inverter nounted in the surface engi ne conpartnent and
attached to the secondary electrical system A series

of punEs. The atitedaring atdvediagtd deen €mghereinceidpabmminthas a width of

generates hydraulic
less than 20 feet.

59. The submarine according to claim 58, wherein said submarine has a width of

less than 10 feet.

60. The submarine according to claim 1, wherein said submarine has a height of

less than 10 feet.



power which is distributed to the hydraulic grid. The
punps are powered by electric notors connected to the
primary el ectrical systemgrid, Miin hydraulic
WARHYMSS0 rount ed to the rear of the upper bodPCRIBRY7/072978
on either side of the rear deck, provide subsurface .

pr opul $il orhe sEmEtcdiceaTdingfte clayd pautliceein srdistbararinghasa height of
pﬁonge(y w control. The surface engi nes belt-drive
purpEts %FOVide power to the auxiliary hydraulic

system which provides trimand steering to the out

drives. The control hydraulic system actuates val ves,

di ve ploanBlss submdrivesrrcordamglto gaigy | wdisrdyy sad pipmarine has a total dry

R ePLe Bl TP b Polh poRBTER o do i e

accunul ator. The vessel is outfitted with GPS, radar,
forward- and downward-sensing sonar, autopilot, and
chart pBothd sugmating @coalingotcdimge. wherein said submarine has a total dry

ressur e- conpensa The enti,r i S about 32
P e el s TP ERER AL a0 ar o rtaFod SRE Phpb B
waterline. The total beamw th side tanks installed is

about 13.5 feet, and the draft is about 40 inches. The
hei ght GdsTlbobnagnd eeprdindtoiames , Whomntshid skleehringhasigotal dry

top.of the passenger. conpartnent. T esse|l wei ghs
AT 90 PGB R ST O BRE Gy MEL AT PTG a1, A
pur pose-confi gurabl e submari ne conprising: a surface

hulI; a surface engine conpartnent housing at |east
one endiSnéhe subbakinastcosding envlgiomprivisireiy sad prasaige hoHes rated to a

ba) | ast. conpartnent; and a passenger conpartnment:
mﬁ%?@ﬁﬂhf&gggégggnger conpartnent is nounted such that

when the submarine navigates on the surface of a body

of water, at |least the majority of the volune of the
passenger ToosmparatineatcoiEn@pontant ¢he whattearaidreessare hplgs rated to a
supmari ne according to claim11, wherein said passenger
cdﬁﬁﬁ%ﬂﬁ%ﬁﬁﬂcﬁ filses a pressure hull. 3. The

submari ne according to claim1l, wherein said passenger
conmpartnent conprises an anbi ent pressure passenger

conpar tavehe submafine agobhng tindaiaceomderg ol mesum Hull is rated to a

wherein said bal] ast systemis a staged
depth of at ?east 000 feet. y g

68. The submarine according to claim 67, wherein said pressure hull is rated to a

depth of at least 1200 feet.

69. The submarine according to claim 68, wherein said pressure hull is rated to a

depth of at least 1500 feet.

70. The submarine according to claim 1, wherein said passenger compartment

comprises an air conditioner.

71. The submarine according to claim 2, wherein said passenger compartment

comprises a cylinder with hemispherical ends, wherein the outside diameter of said



bal | ast system 5. The submarine according to claim 1,
further conprising a central framework; wherein the
surface hull, the surface engige conmpartnent, and the
‘ﬁﬁ@@@ﬁ@@ﬁ“conpartnent are each attached to t hePEBRISRW/072978
fr amewor acc

WRBTGISRT ¢ HaPAF s Qe dniceOantr Lisdy; e du@ifshsaia passenser
f ubhyarGes foldoabl erdal | ast corrpartrrent 7. The

subnmarine according to claim®6, wherein the conbi ned

vol une of the at |east one fully-controllable ballast

conpar sfroma r oxi nat e

ppr ot T3S i5F TEIE (? DRt 2o i o e displacement e
pa§§ scSompalt ment. 8 . The submarine according to

claim wherein the conbi ned volune of the at | east

one fuIIy controllable bal | ast conpartnent IS

appr oxi 200% of the total_ volune sai d ,
oo senger TEsareoreRe © S 1) BrATHE: sSRBPE] vy faid a
cl &Emn@’va}’iﬁﬁé Ry atcgﬁprﬁcfﬂa'ceﬁ@ N lad®) ofiichbe at | east
one l'y-controll abl e ballast conparinent is from
apprOX|nater 75% to approxi mately 125% of the total
vol ume surface dis Iacenent bmar j ne 0. :
The suB%aWeﬁé‘g%‘éEBeeric 1§11 gl 9"“%&%&“ F?f“{“ﬁ‘édvojmm“fsald at
C(P | e aMQbiL s Qafcelthgﬁ i1 cbRash 1QRe1 foddivngont rol | abl e

ast conpart I's approxi mately 100% of the tota
volune of surface dlsplacenent of the submarine 11. The
subnarlne accordi.ng to cl ai

t hr ougH> ht1qsUBBRERT 2acPishge P E?amf&%w@ SHtbinedyqlume of said at
| ecat &g \Jaﬂu%l:a%Afg%@ﬁtsnttfnélrcgll?J atihg Y&l Wienef said

pressure he subnarine according to claimi,
wherein said surface hull !Is a planing hull. 13. The

subnarlne accoi ding to ¢l ai rei.n said su
hul | i JodismhpeantecAiiing o glaim h Pha TSpeRAEcHaD @Eﬁiﬁﬁﬂpﬁﬁf saidat

; g%a‘zl a&emahabwgéﬁacem%a ﬂelsclég lamea%ng@mgamnpart ment is

I ent - pressure conpensate ubmari ne
according to claim 14, wherein said surface engine
conmpartnent contains an anbi ent cor reader. 16. The
“submar i'He B¢ 8YPERTHY AcePrdingitanc gFEﬁ“hS@‘éIPBGSS}?ﬂ?F &ffppartment

Cor %ahg&daﬁeagtomrdca%% V?E\th%n%q/ at |east one float

78. The submarine according to claim 77, wherein said surface hull comprises at

least one acrylic viewing window.
79. The submarine according to claim 20, further comprising a fuel grid.

80. The submarine according to claim 79, wherein said fuel grid comprises at least

one pump used to pump fuel out of said at least one variable displacement fuel cell.

81. The submarine according to claim 1, wherein said ballast system comprises at

least one pump.



17 . 1'he submarine according to claim 16, wherein

said pipe is about 18 inches long.18 . The subnarine
according to claim16, wherein said at |east one float
WOH9408888 separated from any other float trigBET&/SaNa072978
from both openings of said pipe by at |east 3 inches.

19. ThéZSmbﬁaﬂmnéna@quﬂhggb?ghnﬂavﬁm@ulmhb$@hwn§ahﬁumameof

at | east one epgine,i on ted to .an out drive. 20.

That Etnsr e Sh2ubrak by STBT ST s 58 Rl her conpr i o ng

at | east one variable displacenent fuel cell. 21. The
submari ne according to claim?20, wherein said at | east

one var§3abhesuinsphaeeoehng faudhing 82.Iwheseia padodweariictihigpable of

at | east one balla onpar . 22. Th b i
o ctthch s gnel armia6l T &b MISSPE WA able

di spl acenent fuel cell conprises a flexible material.
23. The submarine according to claim22, wherein said
f 1 exi bl&. ifht ertinghing scaardihgxi thien B3 wimeein pad ewtiradrine2d capable of

The subrarine according to claim1, further conprising
aﬁuﬂgﬁ%wxﬁ%ﬂv2%6?%?305%46*%3 §H%%QFTH%maccording to
clai m 24, wherein said upper body works conprises at

| east one sem -controllable ballast zone. 26. The

submar i §%e Tae sdmdiring at@rdihgitorclaiy 84 whismrei said ailenauppes capable of
body wor ks conpri se t Ieasb one stability tank. 27.
THTEPRHIR e e iOﬁ@t le&L D AR 2RT Mlver of n sai d

upper body works conprises 2 side decks and 1 rear

deck. 28. The submarine according to claim24, wherein

sai d upifeThbedymanne kscordinpité skesn &6, Wikash sgdeubmarine is capable of

mani pul ator arm 29. The subnarine according to claim
24?“§H%W§Fﬁ“§é¥aSﬁﬁﬂ@?a%%ﬂﬁqaé?W§1W5ﬁﬁFises at | east
one weapon nount. 30. The submarine according to claim
24, wherein said upper body works conprises at | east
one wel 87. TBa subhineins udroedinme daool.dhegit @idduamarite has a power-to-
further conprising at |east onf subner si on qu? 32.
Thecighite RESREGF aPRigtd of ahisistl NP BT PE SRR E g
at | east one

88. The submarine according to claim &7, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 35 pounds.

89. The submarine according to claim 8§, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 25 pounds.

90. The submarine according to claim 89, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 10 pounds.

91. The submarine according to claim 1, wherein said submarine is capable of

safely operating on its own with human passengers for at least 40 consecutive hours.

92. The submarine according to claim 1, wherein the surface hull, the surface

engine compartment, and the passenger compartment are integrated into a single chassis.



subnmer si on pod housing at |east one battery. 33. The
submarine according to claim1l, further conprising at

| east one air grid. 34. The subnarine according to
WOI098880 conpri si ng a hi gh- pPéssure air stor RGE/USpY7/072978
an enmergency air grid, an anbient-pressure air

conpen$at Tlarsugmiadne ancbrding ox yigen 1gwhdieirBthe stitfece hull, the surface
submarine according to claim34. wherein s%id : .
hiCBEDProgRaitach; rangt Jicagessgiicd CCORpIMERs cath caRptisgHdnforcing
S Rehpressor, at |east one storage tank, at |east

one hose," and at |east one valve. 36. The submarine
according to claim35, wherein said at | east one SCBA
conpressor_is rated to about 5,000 psi. 37. The .

submar iPheThe é‘BW&ﬂrH’é’ SO 1R (égl}n %ewgcprﬁmsgﬁeoremforcmg members
hi gh-.pre re air storage grid further conprises at
|§§§FH%ﬂ%§#akeoff val ve. 38. The submari ne accordi ng

to claim35, wherein said enmergency air grid conprises

at | east one air storage tank capable of,storin% air

at abodf- Bhoeompyine ggordppge tas¢ipmar? nehaeEbH i 15H1¢reing members
cl aj. m.34 [ I rising a | ow pressure primary
af?hgbg%aﬁﬁﬁgﬁpgﬁg$bpgs at a pressure of about 240

. psi . 40. The submarine according to claim 34, wherein

sai d anbi ent-pressure air conpensation grid connects

to an &fbilBasulBrEceasPIdng o daim Phewdeiisihenginforcing members
accor di ai m 40, wherein said surface engine
céﬁ%@g¥%%ﬁ%gwgksaid anbi ent core manifold. 42. The
submari ne according to claim 34, wherein said oxygen

grid conprises ai |east one oxygen tank and at | east

one corfiethq Brmasing areprpiag de plgan & onrarintah purfagg huHle surface
subnarin Qr.dj to clai ISl ng..
e I e IR R PR L
caccording to claim43, further conprising at |east one
oxygen tank, wherein said at | east one pxygen | ank and

sai d caBbdhe siibmearie aseqrdisde clane 83, vaherainghe gifrface ihehthe surface

| SRR Rl PR B Pl TR Rg O g momine
1, hofidert her. conprising at |least 2 side tanks. 46. The
submari ne according to claim45, wherein the tota

conbi ned vol une of said side tanks is about 195 cubic

feet. 99. The submarine according to claim 5, wherein the central framework comprises

steel.

100. The submarine according to claim 5, wherein the central framework

. comprises composite material.

101. The submarine according to claim 5, wherein the central framework

comprises aluminum.

102. A submarine comprising:
a planing hull;
means for propulsion; and

a pressure hull passenger compartment;



47. The submarine according to claim45, wherein the

total conbi ned volunme of said side tanks is at | east

200 cubic feet. 48. The subnarjne according to claim

W8 200908388 n each of said side l(g)nks i s di vi dedPCT/US2007/072978
internally into at | east 3 conpartnents. 49. The

submar wheraic soedihsgutroareiedp mreigadnngr ths iswdacatof pbady of water, at

one internal ballast co rt t t ai - W, t hi id..

o lrBe iy Rt JE e EETR BhEe M PRATVBER bVt hePlhine
conpartnment contained within at | east one side

tank. 50. The submarine according to claim49, wherein

sai d atl OB eHstsubmeringvicepidalg tbaldimsiO2 cohgaintimepiening hull has a bow
connected to an external ballast conpartnent via.a pea

C PR S b EL e S s S 8 (RaBe By aig gy B fpes he
49y WS Ll SR i adowl SRASHPNE thdHneF WAdn RAldaBsE at its highest speed
conpartnent is lined with a ballast |liner. 52. The

s bbtiari the sadawmraditegvate aldaihend@bmetpedei n sai d at | east

one internal ballast conpartnent is open to the

environnment on the bottom 53. The submarine according

to cl aimy49r WRen Rl heSRIGddlg h@aBImONR, GXkIRE MBprising a central
bal | ast conpartnent is anbi ent-pressure conpensat ed. ‘
54anEverrkubnacin fe podny idillhgeaos ©F aiopuisionwhemesssursainl passeriger
submarine has a length of |ess than 50 feet. 55. The
S&BWQWWSH%ES?C&P’%&F@ 1@ thgicred TpYSkn sai d

submari nebas a length of Iess than 35 feet. 56. The
submarine according to claim55. wherein said

submar i 106. Fhs sebnhamgtirooding esdaih &R, A0theeemmprahg atrdast system
subnmari ne accordi n o cl|laim56, wherein said :
sUBHBH TS Piks Y 'F‘Eﬁ' hﬁb‘B 5’aé%@‘?ﬂ?gwe&bwg%fé?“.t“escé’.mbﬁweé‘ volume of
SURIRI iR oAE FATAL RS0l DIEL AN domWERSE 1y 5@ dpSBbiREEING 25% ¢
has a w toﬁ o? yljteésot han)20 feer?. 59. The slu%&rrgri ne ya23% to
acppradimgtetyd I6Pao fith&®talwhbmei of sal thssuheraninpertinast. a

w dth of |less than 10 feet. 60. The submarine

according to claim1, wherein said submarine has a

hei ght . Rf6. Ir[%@ §1I1thlilﬂﬁl %&o&\ﬁﬁ% t0_601;-im Fd"e%ﬁ%@ﬁ%{é dBf:binad volume of the
accordlngtocalmg, erein sald submarine has a : :
heit gt ofe fudlgsohtaitebt Fatledt.compartment is approximately 200% of the total

volurne of said passenger compartment.

107. The submarine according to claim 102, further comprising a ballast system
with at least one fully-controllable ballast compartment, wherein the comoined volume of
the at least one fully-controllable ballast compartment is from approximately 75% to

approximately 125% of the total volume of surface displacement of the submarine.

108. The submarine according to claim 107, wherein the combined volume of the
at least one fully-controllable ballast compartment is approxirnately 100% of the total

volume of surface displacement of the submarine.

109. The submarine according to claim 102, wherein the means for propulsion

comprises a surface engine compartment housing at least one engine.



62. The submarine according to claim1, wherein said
submarine has a total dry weight of between about

2,500 pounds and about 60, 000 Ipbunds. 63. The

WQBAR0380 according to claim 62, wherein said PCT/US2007/072978
submar{fie Bas @hhtdd aldotdi Y‘lg'tgmlal&f I@ﬁt\)&ﬁ&@ma&@&‘%urhee engine
2,500 pounds and about 30, 000 pounds. 64. The

Sedynmarinmeat a(aoﬂ»ncdutmgessmeccbmpnmsﬁfﬁd wher ei n sal d

submarine has a total dry wei ght of between about

2,500 pounds and about 15,000 pounds. 65. The

submar | LM ageQndhag é%cﬁdr@fnm 6 cIMIET £, NwRaLA 95[1§§§H£c% engine
hull is rated to a %epl of "at leasl 50 feet.

S rinmeit aatondamgnbencéae mabs, wherein said pressure

hull is rated to a depth of at |east 200 feet. 67. The
submarine according to claim®66. wherein said,

pressuy e, "rﬁ&t‘lsﬁblﬁﬁﬁ&da&& rgﬁ)pct clal olfl 1a lgler% \Aﬁm@gglbfe%%me reader
68. The submari ne accor gt erein sa
pt@ﬁﬁwﬁﬁahqkhlkﬁﬁkﬁkéﬁmfﬁg@mdepth of at least 1200 ’
feet. 69. The subnmarine according to claim®68, wherein

said pressure hull is rated to a depth of at |east
1500 f ¢e1. Thz Qubnd T SHOSRE '?(?c Qlclpplﬁdlwﬂgeh%a?‘d ﬂgMSjabout 18 inches
wher ei n sai d passenger co tnent conprises an alr

cigitioner. 71. The subnarlne according to claim 2,
wherei n sai d passenger conpartnent conprises a
cylinder with hem spherical ends, wherein the outside
di anmet
and whey S RSSO e Bhakh AREHIcaft bt rgger
I $s RP@uted 15nf@ebthe? RoatTHggessubiErdnnBota opatitgsnd siid p(pk: hy mnleast 3
20, wherein said variabl e displacenent fuel cel

@#ﬁ?$ses a baffle. 73. The submarine according to
claim 20, wherein the conbined volune of said at |east
one vari abl e di spl acenent fuel cell is at |least 50
gal | ong1574Thd hebsubaardco@dagcar diaig 102, clvBémin/ 3ny through-hull
wherein the conbi ned volunme of said at |east one ,
v@ﬁn%wruénﬁmstbq: atsesisp thutl g losateq in hedewes ird phghe volume of said

G,Sonsh 35 The submarine according to claim 74,

é ' Phe conbi ned vol une of said at | east one

varlable di spl acenent fuel cell is at |east 200

al | ons.
J 116. The submarine according to claim 102, further comprising at least one

- wvariable displacement fuel cell.

117. The submarine according to claim 116, further comprising a ballast system
comprising at least one ballast compartment, wherein said at least one variable

displacement fuel cell is disposed within at least one ballast compartment.

118. The submarine according to claim 109, wherein said at least one engine is

connected to an out drive.

119. The submarine according to claim 116, wherein said variable displacement

fuel cell comprises a flexible material.



76. The submarine according to claim75, wherein the

conbi ned volune of said at | east one variable

di spl acenent fuel cell is at I%)st 500 gal l ons. 77.
WOROWNBRSP i ne according to cl di 21 1, wherein saPgT/US2007/072978
passenger conpartment conprises at |east one acrylic =
vi ewi ndRWiTigonbmagne Tnerdgghimatdimd 18cwbedimygid dexablaimaferial is a
7@,.r?er?in said,ﬁurface hul | conprises at | east one
alFYPICPAYBH RY“ W' ndow.  79. The subnmarine according to
claim 20, further conprising a fuel grid. 80. The
submarine according to claim79, wherein said fue

grid cobprilzesbaiariheasprdorstoplpm U¥e durther panprifingein gaper body
of said at | east one variable displacenent fuel cell
81°"he submarine according to claim1, wherein said
bal | ast system conprises at | east one punp.82. The
submarine according to claim1, wherein said submarine

i s capab?ellof sigmdrimc ecopeingtto ohriat 124, syhewoh ofid appdrdmdy works

10 ml es r hour. 83. The s rine according to
cF@PH?%?P?%ﬁgﬁEﬁﬁm§5‘ngﬂaﬂﬁggﬁgtpgwcapable of surface

- operation at a speed of at |least 20 m | es per hour.

84. The submarine according to claim83, wherein said
subnar i@ iecapabtiee afcosiing @cdaiopé? btwioneiatsaid wpedwdy works
of at‘Ieasi 30 nil%s_per hour. 85. The submarine

aCeBPHITIG {35 A5iSHPEYY WhKer ei n sai d submarine is

capabl e of surface operation at a speed of at |east 40
mles per hour. 86. The submarine according to claim

85, wheRei Thsaitthsirermacirdmgits otamabl ie vdfergusfidopper body works

operation at a speed of at lea.st 60 mles pe hour.
8?9”?H§5§ﬁ%ﬁ%9?%éa%ﬁ&&?ﬂ&ﬁ&'to claim1, wherein said
submari ne has a power-toweight ratio during surface
operation of at |east 1 horsepower per 50 pounds. 88.
The sulér The salonaidi gortimgab ailam8 72 1, wieren maigaipgder body works
power -t o-wei ght ratio during surface operation is at
| SA8PICSHE 1B hIREP P85 Bbunds. 89. The subnari ne
according to claim88, wherein said power-to-weight
ratio during surface operation is at least 1
hor sepawer The ksubarpeusdserdin®o cliien $2bmalidreie saidappet hgly works
to claim89. wherein said power-to-weight ratio during
sifopwEisesop deast 9svéls at | east 1 hor sepower per 10
pounds. 91. The submarine according to claim1,
wherein said submarine is capabl e of

127. The submarine according to claim 102, further comprising at least one

submersion pod.

128. The submarine according to claim 102, further comprising at least one

submersion pod housing at least one battery.

129. The submarine according to claim 102, further comprising at least one air

grid.

130. The submarine according to claim 129, comprising a high-pressure air
storage grid, an emergency air grid, an ambient-pressure air compensation grid, and an

oxygen grid.



safely operating on its own with human passengers for

at | east 40 consecutive hours. 92. The submarine

according to claim1, wherein t{he surface hull the
WO20QO8888Agi ne conpartnment, and the passenger PCT/US2007/072978
conpartnent are integrated into a single chassis.93.

The submarine according to claim1, wherein the
surfaceshufl, oS RUrda6R; &Y Oint QTPALAIERL sai @RCLHL HEssure air
passenger conpartnment each conprise reinforcing
Merereriddmphkee as lasmmicrSs Bk canplicrgr,taoleastainms@Bgge tank, at least
wherein the reinforcing nenbers conprise steel. 95.

TIvEC Sotsmatd HéeplcErVdi g to clai m 93, wherein the

rei nforcing nmenbers conprise conposite material. 96.

The submarine according to claim93, wherein the

r ei nf origk nghamivbarise aoapdingao alaum IBUNWh&@in S at least one SCBA
submarine according to claim 93, wherein the surface
higPMprespe isigflde 8@ g MY Rédnpar t ment, and t he

passenger conpartnent each conprise nounting brackets.

98. The submarine according to claim93, wherein the

sur f ace 3BulThe sibnearBir ickeRliGNG bRinedfpawvhereitt saiamdgi-fressure air
passenger conpartnment each conprise pre-drilled
notaiesngihiortby coggrissyd I%bwtﬁlff‘@ffa‘@@@r ding to claim

5, wherein the central franmework conprises steel. 100.

The submarine according to claimb5, wherein the

cent r al134r arewdhiar@enptddes ©apesiewhedear sad emtQkncy air grid
The submarine according to claim5, wherein the |

C enenpaises 4l darshane RIIcHTPES wBk canabis daioring ey at by BPiPRe
conprising: a planing hull; means for propul sion; and

a pressure hull passenger conpartmnent;wherein when the
submar i 138, The fBMiagat k@ rOfg thelaun i@dertiah cambadyig aflow-pressure
water, at |least the majority of the pressure hul

pasEeHyer seid e onshrles & agBeparctHabeid? Pfine. 103. The
submarine according to claim 102, wherein the planing

hul | has a bow end forward and a stern end rearward,

and whergl Mhé EBnERABScéREinRt@PIAIEI10M veiddise SaitiRenbient-pressure air

.compensation-grid connects to an ambient core manifold.

137. The submarine according to claim 136, wherein ambient core manifold also

serves as a surface engine compartment.

138. The submarine according to claim 130, wherein said oxygen grid comprises

at least one oxygen tank and at least one connection to said passenger compartment.

139. The submarine according to claim 102, further comprising carbon dioxide

scrubber material.

140. The submarine according to claim 139, further comprising at least one
oxygen tank, wherein said at least one oxygen tank and said carbon dioxide scrubber

material are sufficient to provide life support for 5 adult humans for at least 40 hours.



submarine to nove in a bowend forward manner when
navigating at its highest speed both on the surface of
t he wat er and when subnerged. ﬁ94. The submari ne
WOHOMOBE0t 0 cl ai m 102, furthef?conprising a cBRTUSR007/072978
framewor k, wherein the planing hul I, nmeans for
pr opul $#lord heanbdmpries saspsliigtol clpaskdBn fethes oaparisingnat least 2 side
are each attached to the central franmework. 105. The

B i ne according to claim 102, further conprising a
ballast systemw th at |east one fully-controllable
bal | ast conpartnent, wherein the conbi ned vol une of
t he at 142dbt sonearing dcyerdogte dhinabt le whatdiagk total combined volume

coppart. froma xrnately 125% t o approxi mately
3fggﬂiﬁgeﬁﬁkiﬁﬁQPuwbﬁdﬂg % sai d passenger

conpartnent. 106. The subnarlne according to claim

105. whereir the conbined volune of the at |east one
fully- M)hﬂ‘helsrlﬂabiireiebabdwdmg tcdapal4 lnerterdisthe total combined volume
ap groxl k ?96 0 total vol unme of said

paSEEhYer m@ %ﬁ ()‘T 7 fe%he submarine according to
clai m 102, further conprising a ballast systemwth at

| east one fully-controllable ballast conpartnent,

wher ei m44. Adecohbanedaocotdimetoaiaimhel | atvhkeastacbré said side tanks is
fully-contrqll abl e ballast conpartnment is from

aﬁbve a8 98 85 AP ERIHEL®1 y 125% of the total

vol unme of surface displacenent of the subnmarine. 108.

The submarine according to claim 107, wherein the

conbi nédb.dbk emtenm{netaheoréingltceasitn IoRecdrupisyrgedri lnsobtseebl, @ herein

bal | artment is approximately 100% of the total
it s nTese FHFL I G LS AT R baS OB AR MAE con@ed within
Theq ?Wﬂﬂﬁrh'uﬂ%n@ GERELI0RE e O 1R LOR: a%@ﬁtec'oqfahgﬁ within at least
means fof propul sion conprises a surface eng

conpsirit ekt housi ng at | east one engi ne. 110. The

submarine according to claim 109, wherein said surface
engi ne conpartnment is anbient- pressure conpensat ed.

111. Th?g %%%BM&%@%&%&HM{‘% Gl A, Wikhln s%%%feéﬁtone internal

said surface engine co contalns an a

cbriast eadgartmdritAs cam&cerdbmarm mr@ﬁdﬁﬂldstn@rﬁmrtakaﬂ it a pea trap
111, wherein said anbient core reader conprises a pipe
aCoTEREY one f 1 oat trigger. 113. The submarine

according to claim112. wherein said pipe is about 18
inches long. 114 . The submarine according to claim

112, wheT.dihe ssibimdriat at@adihg andaifl 048, iltcrg@@4id at least one internal

ballast compartment is lined with a ballast liner.

148. The submarine according to claim 145, wherein said at least one internal

ballast compartment is open to the environment on the bottom.

149. The submarine according to claim 145, wherein said at least one external

ballast compartment is ambient-pressure compensated.

150. The submarine according to claim 102, wherein said submarine has a length

of less than 50 feet.



IS separated fromany other float triggers and from
bot h openi ngs of said pipe by at |east 3 inches. 115.
The submarine according to clqbg1102, whei ei n any
Wa2uwgHssshl | penetrations in the pressure hul | PEIAS2007/072978
| ocated in the lowest third of the volunme of said
pressub- hb¢ yubmetige aqepadiag rfi e at kS rdisAlY stbmegihgs a length
102, onprising at | east one variable
d?gﬁﬁggéﬂgﬁ%e uel cell. 117 . The submarine accordi ng
to claim 116, further conprising a ballast system
conprising at |east one ballast conpartnent, wherein
sai d atd? gh@%ﬂ%lt\?@?@%@mé tofila py lad evrbereinFsg it supepying hgs a length
di S i thin at | east one ballast conpartnent. 118.
Tﬁiggﬂggﬁﬁ?%g{according to claim109, wherein said at
| east one engine is connected to an out drive. 119.
The submarine according to claim 116, wherein said
vari abl . dhepibaesinsmecdrdia te@tim Banyhersessayl ubmsging hes a length
nq%g£é%%iﬁg%é%The_subnarine_accprding to_clain1119,

ereln sai | exible material is a flexible polyner
material. 121 . The submarine according to claim 102,
further conprising an upper body works. 122. The .
submar il ik The sdmairiig aceoréingiterslaipd 102, wherean vrid sibenagipples a width
bo r k onpri ses at | east one sem -controllable
bg?%ﬁ%@agg%%ﬁggzg_ The submarine according to claim
121, wherein said upper body works conprises at |east
one stability tank. 124. The submarine according to ,
cl ai m 123 Theadreinmmesascerdinggetlabio st waekan spdrpringege bas a width
sigg)gﬁgk§ %%g 1 tear deck. 125. The subnarine
aCLETUIMAG 'Y 561 ai m 121, wherein said upper body wor ks
conprises at |l east one manipulator arm 126. The
submarine according to claim 121 , wherein said upper
body wopkd hesuhpnirsessicaerdingas ¢laionk)2wehkrein @l suparine has a height
submarjne.according to claim102, further conprisin
ap?ﬁéé n&ﬁgwgubnersion pod. ™ )

-157. The submarine according to claim 156, wherein said submarine has a height

of less than 6 feet.

158. The submarine according to claim 102, wherein said submarine has a total

dry weight of between about 2,500 pounds and about 60,000 pounds.

159. The submarine according to claim 158, wherein said submarine has a total

dry weight of between about 2,500 pounds and about 30,000 pounds.

160. The submarine according to claim 159, wherein said submarine has a total

dry weight of between about 2,500 pounds and about 15,000 pounds.

161. The submarine according to claim 102, wherein said pressure hull is rated to

a depth of at least 50 feet.



128. The submarine according to claim 102, further

conprising at |east one subnersion pod housing at

| east one battery. 129. The subnmrine according to

WOMY08880 £ urt her conprising 401 east one ai r PGFiU§2007/072978

130. The submarine according to claim 129, conprising

a hi g h-1p2 eBesnBmaire sst@iageo gaird 16 Brwhensn gehjoyssairehull is rated to
an. anbi ent - pressure air conpensation grid, and

aﬁdéwygéﬁtﬁﬁﬁéoﬁﬁﬁi The submarine according to claim

130, wherein said high-pressure air storage grid

conprises at | east one SCBA conpressor, at |east one

st or agd 6B artle, subthatigastording tholaen 1ahdviateih eadpresmnes hull 1s rated to

val ve. 132. The submarine according to claim 131,

whekeBihpighicastfi00 st one SCBA conpressor is rated to

about 5,000 psi. 133. The submarine according to claim

131, wherein said high-pressure air storage grid

f ur t herlogon sub@arigt ack@diie tonkirhak@oflferaiabar@predsdde hulhierated to

submarine according to claim 130, wherein said

erelepdriyt apt g0 d%onpri ses at | east one air storage

tank capable of storing air at about 5,000 psi. 135.

The submarine according to claim 130, further

conpr i sliehgria dubitafi €RSoHden R0 Ry 64 whegtih shitiesdure hull is rated to

oper at es_at ressure of about 240 psi. 136. The

s&%ﬁﬁﬂﬁﬁ%ﬂé@@b&@pﬁ@ﬁto clai m 130, wherein said

ambi ent - pressure air conpensation grid connects to an

anbi ent core manifold. 137. The submarine according to

cl ai m 136, Thebelafin@stbitig t6 olémtap) Wik dn af smssapstesmpartment

as a surface engi ne conpartnent. 138. The submari ne

aé@éﬁ@ﬁﬁ@mt@r@l iANg30, wherein said oxygen grid

conprises at | east one oxygen tank and at |east one

connection to said passenger conpartnment. 139. The

submar i Y. AEERLHAGe Aot toe 10, 10D Uriidieh satdpiRsengtt@mpartment
car bon di oxi de scrubber material . 140 The submari ne

a@@ﬁmisﬁ‘g3tC(ﬂhI@(leé|\’t‘ﬁh113f9nlslfhﬁllch1e@ndéoﬁ‘ﬁ?1ie§1 g casideedigmeter of said
angtss%)éégen ttrngng‘he 1€k Olﬂ P q" q ala vﬁ%?em Q{]eele%)g%ggp sglﬁl%ssenger

Al OXi scrubbér

s uohipattatht sQbREOS ke, I|fe support for 5 adult humans
for at |least 40 hours.141 . The submarine according to

claim 102, further conprising at |east 2 side tanks.

168. The submarine according to claim 116, wherein said variable displacement

fuel cell comprises a baffle.

169. The submarine according to claim 116, wherein the combined volume of said

at least one variable displacement fuel cell is at least 50 gallons.

170. The submarine according to claim 169, wherein the combined volume of said

at least one variable displacement fuel cell is at least 100 gallons.

171. The submarine according to claim 170, wherein the combined volume of said

at least one variable displacement fuel cell is at least 200 gallons.



142. The submarine according to claim 141 , wherein
the total conbi ned volune of said side tanks is about

195 cubic feel. 143. The submggine according to claim
W2R009/¥8Pei n the total conbined vol une of Saigcgﬂ@gmwwnqm

t anks ast. 200 cubic The su marin
accor d f%g? %S@f%ﬂﬁ?i%f* “wéwﬁ"bavgﬁre&f thga?la bl of sid
t anks: bise Wb g%@’sgﬂ J&Eﬁ'{eﬂtal}ukycu N9 18k 15(%3@{1 s,
conpartments. he submari ne accor an to claim
102, conpri3|ng a ballast system wherein said ball ast
syste ﬁ% es at Iea§t on? |nternal bal | ast
Corrpaml ‘C%l HEAIMREEC MDA T § B 1= pY B IR G IA BRssergs b ogpartment
| eafibriQQ G 1 Brnaly Ralkast: Cmar Ltent contai ned

hin at [east one side tan 146. The submari ne
accordlng to claim 145, mhereln sai d at Ieast one

intern % |l ast conpartnent is connected

extern ggp F%arg@@&%ﬁrg%m clgyipyl 73, }Bb%fet“rséﬁl plcmmg hull comprises
cgpggg(lpﬂj ;AZC EEQNQH bgarine according to claim 145,

wher ei n sal Y st one internal ballast conpartnent

is lined MAth a bal | ast liner. 148. The submari ne
according to claim 145, wherein said at |east one

i nt er nal > JAL SREPAESHSAP RSP clam dparfuptherqogprisig a fuel grid.
envi ronnent on the bottom 149. The submari ne

according to claim 145, wherein said at |east one

ext er nal6.daklsalshatanqracitdietd clagn anbiveidreipce8 Sud €rid comprises at

3%Pensated 150. The submari ne according to claim

SUGReeHEP HsEHP dusRdHarduhe! Jskt eastong tarare digalacaneahiuel cell,

50 feet.151 . The submarine according to clai m 150,
wherei n said submarine has a length of |ess than 35
feet. 132.Thtke sathreictneirgce onih NY, temptah Bddst sysiem, wherein
wherein said submarine has a I ength of |ess than 20
f satd baisBsystoRpcUnPRes dhisagdo8ePdPRg to cl ai m 152,
wherein said submarine has a length o f less than 10
feet. 154. The submarine according to claim 102,
wher ei n78dihd sebthirid d€ofiag (acMngt i, 8fhete@sshid BMad: is capabie of
feet. 155. The submarine according to claim 154,
whHEricrPpsatian sibthsed Abathiazst &0 wilgs Aer hour.

179. The submarine according to claim 178, wherein said submarine is capable of

surface operation at a speed of at least 20 miles per hour.

180. The submarine according to claim 179, wherein said submarine is capable of

surface operation at a speed of at least 30 miles per hour.

181. The submarine according to claim 180, wherein said submarine is capable of

surface operation at a speed of at least 40 miles per hour.

182. The submarine according to claim 181, wherein said submarine is capable of

surface operation at a speed of at least 60 miles per hour.



of less than 10 feet. 156. The submari ne according to

cl aim 102, wherein said submari ne has a hei ght of |ess
than 10 feet. 157. The submarimg according to claim
W8R0%HE8Ri n sai d submarine has a hei ght of | eB§TUSAN7/072978
Coeret 30 LB R RS 08T €7 g PR s apover
bet weieht abieuluridg 580cpopaasoradicht aeut h&@?%%r QUWIGHunds.

159. The submarine according to claiml erein
said submarine has a total dry weight of between about

2,500 s and about 30, 000, poupds., 160. .The o
subner HE B caP g b mgtar 188 R ERER sud pirerto-veightrati
SRR difachBperatidiPhal ety NRlcgb e0fer B8tHWRAR, about

2,500 pounds and about 15,000 pounds. 161. The

submarine according to claim 102, wherein said

pressur |l js rated to a dept f at |east 50 o
Peet . 165 Heaubfiafil i fedo B dstorBirdp sl savero-weight rato
Waeh &l QubRk dpBheSs e Bl horpbRELFED8 RuA@Pt h of at

| east 200 feet. 163. The subnmarine according to claim

162, wherein said pressure hull is rated to a depth of

t | O feet. 164. Th bmgrine according to . A
o ai 186 R BR R e SRR TR P r 6T RATah et Ogetent ratio
depfihs QfrtRE oh&@dbn gsia%%ait\?ﬁorsc}a@@er Jhe oengy i ne

according to claim , erein sald pressure hull is
rated to a depth of at |east 1500 feet. 166. The

submar i ccording to ¢laim 102 rei.n sai .
assenddr CoURrEREH-CeaHH SAa AnY arer b wPaHeye s capabe of
164felyThR A RN ACBIPhGHhAOp sferfre Al 8} 10 2ast W@d'rﬁé&lttiﬁe hours.

sai d "passenger conpartnment conprises a cylinder w
~hem spherical ends, wherein the outside dianeter of

sai d pasgepger conpartnent is about 4 feet, and . .
wher el r SERbT Sélﬁgtaﬁgwccg%% B ggaél@déérWE% ﬁl&é@fiﬁﬁnwari@ is purpose-
aheyfo vt eet. 168. The submarine according to claim
16, Wherein said variable displacenent fuel cel
conprises-a baffle. 169. The submarine according to
[ [ nmbi ned I f id
claim ]1]88' TI\Q\Q g&ber}lar}igeha%coggingltg %lair\rll‘ol O%[rgfhgreiif t%le planing hull and the

passenger compartment are integrated into a single chassis.

190. The submarine .according to claim 102, wherein the planing hull and the

passenger compartment each comprise reinforcing members.

191. The submarine according to claim 190, wherein the reinforcing members

comprise steel.

192. The submarine according to claim 190, wherein the reinforcing members

comprise composite material.

193. The submarine according to claim 190, wherein the reinforcing members

comprise aluminum.



at | east one variabl e displacenent fuel cell is at

| east 50 gallons. 170. The subnmarine according to

claim 169, wherein the conbi ngdqvol ume of said at
Weae/8#80var i abl e di spl acement fuel cell is arcrﬂﬁgwwwnqm

100 gallons. 171. The submarine accordi ng nb
170, vvh%‘r g,hﬁ S@M@argwcwéialg‘,@ Qi b0, @ 1@@113& 1e| pg%‘%\pg Hlé and the

Y jeast 200
%%F %géﬁﬂ#%ﬁﬁ %gﬁﬁﬁgzggﬁgpg’ng to claim171,
mhereln t he conblned vol une of said at Ieast one
vari abl e di spl acenent fuel cell is at |eas

ga al | on&Ys. I suTRarsusisarditetoadeist Hihg etz Fl%ﬁ 1?1‘131116% hull and the
wher ei n_sai d r at | east

o gy F R S B A R B8 2

accordlng to cIa|n1173 wherein said planlng hul

conprises at lea t one acrylic viewing wn 175,

Th e subbarieubveonrdnergrdia? ¢ sl 198, Ve ?’t“hsé‘?d central framework
ngr S|g% @ fuel grid. 176. The submarine according

t6 P%$ﬁ1 36 wherein said fuel grid conprises at

| east cne punp used to punp fuel out of said at |east

one vari abl e di spl acenent fuel cell. I"/7 . The

subnar ilfé E@c@bmaﬁge gerasdiag iy tham 108nphersimgid C%ﬂaﬂ dgpework

ﬁ en1mhgre ) mateﬂtfallast system conpri ses at | easi

ONEMBUHS oA A i Bivar i ne according to clai m 102,

wherei n said submarine is capable of sin face ope

ation at a speed of at least 10 mles hour . 179.

The suﬂﬁ&fﬂﬁ@ﬂéﬁ@ﬁﬂ@@ﬁgnﬁﬁgdp&FWﬁﬂﬁé W&ﬁ@? snd sgptepl framework

capable of surfacs operation at a speed

ofoﬁf”ﬁéﬁgP”E hiles per hour. 180. The subnarine

according to claim179, wherein said submarine is

capabl e of surface operation at a speed of at |east 30

mles 9@9xh@MmHMESPOHmW@Wgubnarlne according to claim

180, wherein sai r|n i s capabl e of surface

operatﬂéﬁ“ﬁ?gﬁ“gﬁggﬁng? 8" | east 40 miles per hour.

182. Th&84P5REdNeoRpRanEhigast OnEéealiBoABdllabiied RN one;

said submarine is capable of surface operation at a

spe ed o»fhpmm $aechgitleagDonisews cpdrolpidapal t@ggone r;;ﬁgen to the environment

sub e according to c

S TR0 4 B o S G e e g aPieR G i of s booy

0 Qﬁ(&@&dr%d(@v teredt sdi€@tastoNOL TSRO 1aBRbab st POME Slled with water -
. The submarine according to claim183, wherein

s am cbnpbmmcmmm givmarged; endwhiwin sherf e eUlypeing woiHc perfacing,

| east 1 hor r 35 ounds
SUBHRN AEORE STArAgE o o] GRS it Bpte Ty zone oreaches e
PayRLcd QicialydRtiof BF bfavity water drains from at least the majority of the semi-

controilable ballast zone volume.

200. The submarine according to claim 199, wherein said passenger compartment

comprises a pressure hull.

201. The submarine according to claim 199, further comprising a central

framework, wherein the passenger compartment is attached to the central framework.



during surface operation is at |east 1 horsepower per

25 pounds. 186. The submarine according to claim 185.
wherei n said power-to-weight ratio during surface
WRePR(00i s at | east 1 horsepower per 10 poun8§T/UBZIP7/072978
The submarine according to claim 102, wherein said

subnar + He [he sebippie acordiagoaiamoldr whsrayg ﬂ&ﬂ)ﬂﬂ%% SY§{p comprises
W, t c i C st¢ 40 consecutive
PR B B el el m 102,

wherei n said submarine i s purposeconfigurable. 189.

The subnmarine according to claim 102, wherein

th
pl ani néOBh[ﬂhp S%@artnﬁ@c%@lgéWII%&/;X?%{IE %ﬁn@aineed volume of the
in t ed. i,0t i ) L, , j g0
0L BP0 0, 050 15 0P MBTREIOE 250
t BgprpaseeNg eI s empar tbiendlueachsLo ppdstser canpdrongit.ng

menbers. 191. The submarine according to claim 190,
wherein the reinforcing nenbers conprise steel. 192.

e T

Thelesdibaanilnecateunel bglldsocahgarmdR0s aphexigiatelyt D®% of the total
rei nforcing menbers conprise al um num 194. The

- sublraIcioh galg PesicHEFFOMPAEngiim 190, wherein the planing

hul I and the passenger conpartnent each conprise

nounting brackets. 195. The subnarine according to

cl ai m 189 . Thekebaiiind Reorfingmd s1ginhRdd, waekit e cpasisen@rme of the
conmpartment each conprise pre-drilled nounting hol es.
196 leavhenss dhaeoniollable drall pii ccompagingnimig Giem wppenitely 75% to

said central ,fsanewor k. c ri stegl . 7 tgg :

< S PLO e TP SPIRR 18 N T e
framewor k conprises conposite material. 198. The
submari ne according to claim 104, wherein said centra

f r amewdPk Tormshwesneicaprimghe ca99203 vshtimesembined volume of the
conpri sing. . X SSE I ,C artment;. am a ball 0
oL Rarhog i <P RETPR Tan ey TRt LB ia Bfhre By 200% of the ota
~babl@asd 0f20n8ce WoSh&Inknbaf tHe atbni#Aet one sem -control !
abl e ballast zone is open to the environnent
207. The submarine according to claim 199, wherein the submarine, while
surfacing, rises to a point such that the at least one semi-controllable ballast zone
breaches the surface, then by action of gravity water drains from at least 65% of the semi-

controllable ballast zone volume.

208. The submarine according to claim 207, wherein the submarine, while
surfacing, rises to a point such that the at least one semi-controllable ballast zone
breaches the surface, then by action of gravity water drains from at least 70% of the semi-

controllable ballast zone volume.

209. The submarine according to claim 208, wherein the submarine, while
surfacing, rises to a point such that the at least one semi-controllable ballast zone
breaches the surface, then by action of gravity water drains from at least 75% of the semi-

controllable ballast zone volume.



ard is substantially free of water when the submarine

navi gates on the surface of a body of water; and

wherein said at |east one senifﬁontrollable bal | ast
WORE0%0888P| | ed with wat er when the submarine i CT/US2007/072978
subner ged; and wherein when the submarine, while

surfacing, rises to a point such that the at |east one

sem -c rol | abl e. bal | -hr.eaches. t ur f -

Then by Lot OB By Ry By NP NE R B A ynine hui
the majority of the sem controllable ballast zone

vol ume. 200. The submarine according to claim 199, ,
wher ei Al bdihg spsasgerordvrpartaientd. U Hhse PyeRnsng a surface engine
pressure ﬂéllﬂ ZQﬁ- thagygﬁgrine according to claim
189TPHUPY @%%%?@%%a%mMrm framewor k, wherein

t he passenger conpartnent is attached o the centra
framewor k. 202. The submarine according to claim 199,

wher ei A12hdhbalbraginesyospuhne enpleing d89.aurtha gommsiseng at least one
fujﬁéﬂcant{ollag%e bq | ast conpartnent. 203. The

sUBMEYT AP RETPEILH ¢l ai m 202, wherein the conbined

vol une of the at |east one fully-controllable ball ast
conpartnment is fromapproximately 125%to o

appr oxi2idt dhy s@nsHeciccomdang otddimydl lybeisin i @ff said at least one

passenger .c tent. 204. . The, submarine according to

Cran o SR ER N s B gt TR DR PRESLHNE st

one fully-controllable ballast conmpartnment is

approxi mately 200% of the total volune of said. ,
passengé#. doapabmamme acROding Theclgiibdti waeradc oaidi wlagp engine
clai m 202, wherein the conbigeq, olume of the at |east

o8 FaItyL S ﬁ‘i“’E‘S’R{J%f%f%%‘?ﬁ’%°s‘t” E6npartnent is from
approximately 75%to approximately 125% of the total

vol une of surface di splacenent of the submarine. 206. ,
The sulfér ithe sabwerinhi ageardingl @i AP0, 4whdeeim saidesurface engine
conbi ned volunme of the at |east one fully-controllable

b&C TR MEBHE TSR ANDEe, SRS Rat el y 100% of the tot al

vol unme of surface displacenent of the submarine. 207.

The submarine according to claim 199, wherein the

submar i2ié, Tihsubeasiue heaairdige te ckes 216, wheyon neidsudhentivate reader
the at. | east on em -controll abl e ballast zone

bri@BBRES ¢ pec §1ll}jre?tj%aét, MR y8EEEt i on of gravity water
drains fromat |east 65% of the sem controllable

bal | ast zone volune. 208. The submarine according to

cl ai m 207, Thdwbmiaring feostinerciane, 2 1ahilazeis said aipengabout 18 inches
rhses to a point such that the at |east one
sefis-control | abl e bal | ast zone

218. The submarine according to claim 216, wherein said at least one float trigger
is separated from any other float triggers and from both openings of said pipe by at least 3

inches.

219. The submarine according to claim 211, wherein said at least one engine is

connected-to an out-drive:



breaches the surface, then by action of gravity water
drains fromat |east 70% of the sem controll able

bal | ast zone volunme. 209. The subnmarine according to

WO 090 wherei n the submarildé, while surfacPRgUS2007/072978
rises to a point such that the at |east one

sem - corit r dihkeahibendbiak | amsdrdingnie daieaches whheirs gxifl dedast system

then by action of gravity water drains fromat least .
7S9RIBTSCE b 1 seP RO ATIG! FRBPEUEAY Sk O DEHE S didcisighe variable

Igﬁﬁﬁ%%{ h@? c?\?%%%oﬁ% x:{n?higla?‘feggt %ﬁg ball 4 L Fpartment.

rrsing a planin 11. The submari ne
according to claim199, further conprising a surface
engi ne conEartnent housi ng at | east one engine, 2%%. _
The subharlhfeubiBEdIHCHYINS [eaik? by herglp sHéyariable displacement
c ISl : ri abl e di spl acenent fue
ce ?ag%gaﬂgﬁ%g?%%k&%ﬁﬁgxgbcording to claim2 11,
wherein part of said at | east one sem -controllable
bal | ast zone surrounds said surface engi ne

conpar £#erthe sphaparimpecceighiepicemade oMHFsH 1 Bpdblgmaterial is a
211, . ' aid surface engine cop partnment is
a%%%%%ﬂgﬁré%gﬁggq%bnpensated. < 215. The submari ne

. according io claim 214, wherein eaid surface engine
conpartnent contains an anbi ent core reader. 216. The
subnar PAt Thecsbaierige aesording o daim. 139k Spdich campasiag il wer body
cg&gkfeader conprises a pipe and at | east one fl oat
triggéer. 217. The submarine according to claim 216,

wherein said pipe is about 18 inches |ong. 218. The
submari ne according to claim 216, wherein said at

| east &k Fheomtbmaringgesorfingde shimted- Mhsrpimpyid gpparbody works
float triggers. and fra h,. I ngs of said pipe by
af@@gg§§ag%ﬁ%c 8§%ﬂ§T§R&@%geg%%§g%?%e according to

claim 211, wherein said at |east one engine is

connected to an out drive.220. The submarine according

to cl a2@$ 2Thsubmrreingiageasding haldimsi23s paeeam 68ApPPadywdy works
at_| east gGetballg%tfc npar t ment, and wherein said at

| EGUPIERE 3?fgfﬁzlal§gﬁabenent fuel cell is disposed
within at | east one ballast conpartnent. 221 . The
submarine according to claim 212, wherein said

var i abRa6 dllsphevenmetacterdingdeldlaimoidss ivdwecin s ayppey wdy works

materi.al ., . i
comprises 2 side decks and 1 rear deck.

227. The submarine according to claim 223, wherein said upper body works

comprises at least one manipulator arm.

228. The submarine according to claim 223, wherein said upper body works

comprises at least one weapon mount.

229. The submarine according to claim 223, wherein said upper body works

comprises at least one well.

230. The submarine according to claim 199, further comprising at least one

submersion pod.



222. The submarine according to claim?221 , wherein

said flexible material is a flexible polyner material.

223. The submarine according tpjxlaim 199, further
WOrp08888 an upper body works. 224. The subnmaP{Hh&S2007/072978
according to claim223. wherein said upper body works
conprises at | east one sem -controll able ballast zone.

225. The! subMabinigina e dinBGot @aie] 89N AR cohm@riging at least one
sai d upper body works conprises at |east one stability

t aufknergieg pot heussigivdgasercdwdéndi ng to cl ai m 223,

wherei n sai d upper body works conprises 2 side decks

and 1 rear deck. 227. The submarine according to claim

223, whepefi §1@h‘1@ri1l}@£&5rdh%d% MBIRK 9% GiffHet @ Spradind &aAsdst one air
one mani pul ator arm 228. The submarine according to

ckailm 223, wherein said upper body works conprises at

| east one weapon nount. 229. The submari ne accordi ng

to claim 223, wherein said upper body works conprises

at | east3onge Welharind3Reordhey SUBIARE 208, amGRlstigNg high-pressure air
claim 199, further conprising at |east one submersion
petr@®lgrid, Themsigbrardiingidact endieng-presswk air gprmpgisation grid, and an:
further conprising at |east one submersion pod housing
at*1edsi"%bne battery. 232. The submarine according to
claim 199, further conprising at | east one air grid.

233. The subnmarine according to claim232. conprising ‘
a hi gh-2p#edbersebmirmestcopmaigfes §r cim ak3dembergengayd digh-pressure air
grid, an. anbi ent-pressur Lr conpensation gri.d and
BT aaH e e s S PR S CH I g ooty TR at least
233 hhensi i 152k Gahihs pressure air storage grid

conprises at | east one SCBA conpressor, at |east one
storage tank, at |east one hose, and at |east one valv

e. 235. . The submarine according .lo,¢claim 234, rein -
sai d at23!-geig‘f 8 af@ég‘ﬁ?%g%lr‘gsﬁg%ﬂﬁ %g AL P é@%ﬁft one SCBA
5, BN R8br is rated to about 5,000 psi.

236. The submarine according to claim 234, wherer said high-pressure air

storage grid further comprises at least one takeoff valve.

237. The submarine according to claim 233, wherein said emergency air grid

comprises at least one air storage tank capable of storing air at about 5,000 psi.

238. The submarine according to claim 233, further comprising a low-pressure

primary air grid which operates at a pressure of about 240 psi.

239. The submarine according to claim 233, wherein said ambient-pressure air

compensation grid connects to an ambient core manifold.

240. The submarine according to claim 239, wherein said ambient core manifold

also serves as a surface engine compartment.



236. The submarine according to claim234, wheren said

hi gh-pressure air storage grid further conprise:; at

| east one takeoff valve. 237. The submarine accordi ng

WO 280940888933, wherein sai d enerldency air grid PCT/US2007/072978

conprises at | east one air storage tank capabl e of

st or i ng41aiThe atbnabddtacEr@Dg tpdiim 238whdieen ﬁulfm@gbmgid comprises

according to claim 233, further conprising

| Bl e8sUEChFERg 2hlepstgps ammﬂeml 8 éélrddit“é%ené?l cgmpartment.

pressure of about 240 psi. 239. The submarine

according to claim 233, wherein said anbi ent-pressure

ai r conpEnIatienagid scoinpeoticthinhad Yanfuaimi emipréargecarbon dioxide

mani f ol d. 240. The submarine according to claim 239,

wheHehes m9igrgl anbi ent core manifol d al so serves as a

surface engi ne conpartnent. 241 . The subnarine

according to claim 233, wherein said oxygen grid

conpri g% Ric d®askinenecadngen cﬂzﬁﬁkzéﬁndulalﬁeﬂ@aﬁi]smgelt least one

connection to said passenger conpartnent 242.

s Qlsyigen ik, adetinipag o feagl QicrAxyeq lapk ppgheid Géfbﬁflldé(i”%‘b@ scrubber

ggxiag??gd gre%xff%l n%? % gie h;rreg %I 81?|f%r052a%"%1 {u%n%n‘? Lfgrné?'iéa%}%() hours.

one oxygen tank wherein said at Ieast one oxygen tank

and sai d carbon di oxi de scrubber material are

suf f i ci2éhtThesupmeving ecqordiag suppor { 9% dirtserg@uipiswmgrpaleast 2 side

er at | east 40 hours. 244. The submarine according to
ﬁ1199 further conprising at least 2 side tanks.

245 ‘The submari ne according to claim 244, wherein the

total conbined vol une of said side tanks is about 195

cubi ¢ f2édtTheaulemaripreacs osireg to slaia débrdicnyn thy tetabsamipacd volume
rein. the to ned. vol ume of said side tanks

éﬁ fdsggg?mﬁﬁﬁigﬂgpﬂ?kﬂn%ﬁwb47 The submari ne
accordlng to claim?244, wherein each of said side

tanks is divided internally into at least 3
c onpar 2Aenths submgrinerdnsoxtimtarciae 24¢ odiadéin gha totag pembined volume

c ol BB e ot AL G R ek sur face hul | and at

,Ieast one external ballast conpartnent' contai ned
within at |east one side tank. 249. The submarine _
accor di2dg Tl sibaiann@a8;ordihg taetlains 4 vdierdie gath @seid side tanks is

XV ERHGY a%ia'l'yzﬁr*paig%gtaﬁwmtth”zizt??a:f’ "

248. The submarine according to claim 199, comprising at least one internal
ballast compartment contained within a surface hull and at least one external ballast

compartment contained within at least one side tank.

249. The submarine according to claim 248, wherein said at least one internal
ballast compartment is connected to an external ballast compartment via a pea trap

connection.

250. The submarine according to claim 248, wherein said at least one internal

ballast compartment is lined with a ballast liner.



connection. 250. The submarine according to cl ai m 248,
wherein said at |east one internal ballast conpartnent
islined with a ballast liner.25 1. The submarine
VeaHA#Ft 0 cl ai m 248, whereilldsaid at | east BREUS2007/072978
internal ballast conmpartnent is open to the

envi r ongeNtheOibinBendRcbRIMg @SAainT DES, Skera k€ at least one internal
according to claim248, wherein said at | east one
ekalsshetmiprainieas ts apemrisaine evitonnecrna abiteriolisPessur e
conpensated. 253. The submarine according to claim

199, wherein said submarine has a |length of |ess than

50 feebs2 ?hf subl@risdBrdineoagsial N GvHeri€bad A 1283 one external
wherei n said submarine has a length of |ess than 35

f bdtast agBparThent sudypaentpecsawe spaipagsatad. cl ai m 254,

wherein said submarine has a Iength of |ess than 20

feet. 256. The submarine according to claim 255,

wher ei D533 sERARI BEIRS tAchBNYON wikerdiesRd JubAAriddhas a length
feet 25 7 . The submarine according to claim 199,

whéleesd thagaDdeggubmarine has a width o f |l ess than 20

feet. 258. The submarine according to claim 257,

wherei n said submarine has a width of |ess than 10

feet. 259. Tilh&bs14RARLIHRIRGHE @l6nDG 3 1 0h&biakd dharine has a length
wherein said submari ne has a height of lest; than 10

f eétess 1@0.35Thet. submari ne according to clai m 259,

wherei n said submarine has a height of |ess than 6

feet. 261 . The submarine according to claim 199,

wher ei nsgairfle SBHIBHE RL AR 18 clPindl 540k Ner¥® 88 tutMarine has a length
bet ween about 2,500 pounds and about 60, 000

polinds 2620 {¢e submari ne according to claim261

wherei n said submarine has a total dry wei ght of

bet ween about 2,500 pounds and about 30, 000 pounds.

263. Thggs *FQ&@[%&%@&%@{&@% A BmCls3l 68 saiB@I@irThe has a length

said submarine has a tota ry wei ght of between about
2,0508< gowndsfeetind about 15, 000 pounds. 264. The
submari ne according to claim200, wherein said
pressure hull is rated to a depth of at |east 50 feet.

257. The submarine according to claim 199, wherein said submarine has a width

of less than 20 feet.

258. The submarine according to claim 257, wherein said submarine has a width

of less than 10 feet.

259. The submarine according to claim 199, wherein said submarine has a height

of less than 10 feet.

260. The submarine according to claim 259, wherein said submarine has a height

of less than 6 feet.

261. The submarine according to claim 199, wherein said submarine has a total

dry weight of between about 2,500 pounds and about 60,000 pounds.



265. The submarine according to claim 264, wherein'

said pressure hull is rated to a depth of at |east 200

feet. 266. The submarine according to claim 265,

WRaPW48884i d pressure hull is Ydted to a dept hPET/U§R007/072978

| east 600 feet. 267. The submarine according to claim

260, wWhel dihnssanadipreessding thuladimi2g 1 rdteee n seidgsubeptife o a total

at | east 00 feet. 268. The. su ri cording to

cAg Wlé%tf]fiﬁté"fe@? AU |%d58 Uornouady %‘%%Pﬁll%ﬁsﬁﬁé}%‘adi‘ 0 a

depth of at |east 1500 feet. 269. The submari ne

according to claim 199, wherein said passenger

conpar 26k rithe somparisescanlia to ctomdiol i wineein s2idoubifiagne has a total

submarine accordihg to_claim200, wherein sai

pABsERIgof desaR ERUHEZ YO Pded 408y, il

hem spherical ends, wherein the outside dianeter of

sai d passenger conpartnment is about 4 feet, and

wher ei 164 Héek@mgirmeat cading tpalssehge wheonpard pressird Isill 1s rated to

about 15 feet. 271 . The submarine according to claim

2 palepiypd pblepst slifeftvari abl e di spl acement fuel cel |

conprises a baffle.272. The subnmarine according to

claim 212, wherein the conbined vol une of said at

| east @oné Trakilabireedicspidagaoeiim £k wheell saidpassukaaditis rated to
allons, 273. The submarine according to claim272,
aihrpfiahisad A {G%ed vol ume of said at [east one

vari abl e di spl acenent fuel cell is at |east 100

gallons. 274. The submarine according to claim 273,

wher ei n6b hihesobrhirmechcvaldurpsgo ofairs 26 H wakrciressd piepaire hull is rated to

vari abl e di spl acenent fuel cell is at |east 200

gl deptisof ableast 6P éecdubmar i ne according to cl ai m 274,

wherein the conbi ned volune of said at |east one

vari abl e di spl acenent fuel cell is at |east 500

gal | on9672Me.subiherisddeardineo amoo b ob; wdictein edidpresi®Ohull is rated to

wherei n said Qassen%er conpartnment conprises at | east

orfedently §fi 4t leastii@Q fgtwi ndow. 277 The submarine

according to claim276. further conprising a surface

hul | . wherein said surface hull conprises at |east one

acryl i ©egi Bw snBminc@vord2 o cleihe 26 Tirrrdimenid peesude mgl is rated to

toclaim2 12, further conprising a fuel grid. 279.

Thedeptibodent faget 126@6%%i ng to cl ai m 278, wherein said

fuel grid conprises at

269. The submarine according to claim 199, wherein said passenger compartment

comprises an air conditioner.

270. The submarine according to ¢laim 200, wherein said passenger compartment
comprises a cylinder with hemispherical ends, wherein the outside diameter of said
passenger compartment is about 4 feet, and wherein the length of said passenger

~ compartment is about 15 feet.

271. The submarine according to claim 212, wherein said variable displacement

fuel cell comprises a baffle.



| east one punp used to punp fuel out of said at |east

one vari abl e di spl acenent fuel cell. 280. The

submari ne according to claim 199, wherein said ball ast
WOHWMBSApri ses at | east one lpdnp. 281. The sBERAPR(E/072978
according to claim199, wherein said submarine is

capabl B70fThs suthas g aperdiig wrlaah 242 speedn ok cahbihedstluri®of said
m | es per hour. 282. The submarine according to claim

2@ dcasipiest Erbleadisplacgmsal fupleccllds pdprhPe Lforsur f ace

operation at a speed of at |east 20 m | es per

hour . 283. The submari ne according lo claim 282,

wher ei 1735 ghd ssuhdraciab@rdisg ©apabl2e2 of hesdin frecembiped atlimaaof said
at a speed of at least 30 mles per hour. 284. The

stidpast PrrevaEbby dsmeecmenciual oell 283 IegihéPeedlgai d

submarine is capable of surface operation at a speed

of at least 40 mles per hour. 285. The submari ne

accor dpng The sehrRiric28brdinbiRrciim 293] wh@Hh RIcbMBinkS velume of said
capabl e of surface operation at a speed of at |east 60

il lesst prg viribie diggacenrhiefugLishes plsaddedediag to clai m

199, wherein said submarine has a powerto- wei ght

ratio during surface operation of at |east 1horsepower

per S502poumdsubmB8Te «dORdis LHIBHINTT 4 20ER¢E H G oMBinedl 8bline of said
286, wherein said power-to-weight ratio during surface
opldeat pon varsabig dispagement fist edpsakleap Pl 3allgsunds. 288.

The submarine according to claim 287, wherein said
power -t o-wei ght ratio during surface operation is at

| east 27hanzepeMBincREEordidg RONES1 9K BBereihliaidpudB®iter fnpartment
according to clai m 288, mﬁerein sai d power-to-wei ght

r athprigka i legsisue Reiclc oseing WVodovs at | east 1

hor sepower per 10 pounds. 290. The submari ne according

to claim 199, wherein said submarine is capabl e of

saf el y operiat duBshaffe hécSrdMitoMlhih DIoTENIRASSRPESNS ak@face hull.
at | east 40 consecutive hours. 291. The subnari ne

acdoredi srgd swtask duthce@grisel gt lehdone eaphit sicngnavedeVace

hul I, wherein the surface hull and the passenger
conpartnent are integrated into a single chassis. 292.

The submariiesuBeeARdhdOrdie ©lcaiim M99 furfhef EdM@irising a fuel grid.
conprising a surface hull, wherein the surface hul

and t he passenger conpartnent each conprise

1 ai m 365, PRHEPBIHY e oF U SR g ne RSB G AR rgomprises a

St&8l one pump used to pump fuel out of said at least one variable displacement fuel cell. .

280. The submarine according to claim 199, wherein said ballast system

comprises at least one pump.

281. The submarine according to claim 199, wherein said submarine is capable of

surface operation at a speed of at least 10 miles per hour.

282. The submarine according to claim 284, wherein said submarine is capable of

surface operation at a speed of at least 20 miles per hour.



294. The submarine according to claim?292, wherein the

rei nforci ng nenbers conprise conposite material. 295.

The submarine according to claim 292, wherein the
WeH00888%g nenbers conprise al b num 296. ThBCT/US2007/072978
submarine according to claim?292. further conprising a

sur f aceghuite suwheineiancdrimgsonc e 28 huihkrearsdid dobmarine is capable of
passenger conpartmnent each conprise nounting brackets.
297raceiawespivalrs eche B rensh) tolcE PEINRIR92, furt her
conprising a surface hull, wherein die surface hul

and t he passenger conpartnent each conprise

pr e- dr i2kh echerpbnirimegcb@ties:, to 208n 2The hstehnsaid suemarine is capable of
according to claim 201, wherein the cenuvl framework

c GHprqeswsTagipR al a sppgdof atHeass dh rales AE PRBEor ding to clai m

201, wherein the central franmework conprises conposite

mat eri al. 300. The subnmarine according to claim 201,

wher ei 285 EheGaithirale dot@aAnas klagn ops, ndiefeirgdaithubtmindl tapable of
A submarine conprising: a passenger conpartnent; a
bahffaestopsyasioe A THIpE pg@td@a%éo nElEs PeIdET-bal | ast

conpartnent; an anbient core mani fold; and an anbi ent

core reader.302. The submarine according to claim301

., Wher eigg. Bl sdbafiicartoidieo dRih fl 09, dvhefirBsagdbubatene has a power-
engi ne conpartnment housing at |east one engine. 303
THe-vwightattiobiriae swifafiereradion CARNE S0 1 hovpravesr pes 4 gounds.

anbi ent core reader conprises a pipe at |east one

float trigger. 304. The submarine according to claim

303 whersgi Thesabihaphd& cbiligduilaidd sknehesinlsaidgpowddbo-weight ratio
The submarine according to claim303, wherein the at

| eluging sndade|operetion isgqasi shersenorat B 3ProMény ot her

float triggers and from both openings of said pipe by

at | east 3 inches.

288. The submarine according to claim 287, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 25 pounds.

289. The submarine according to claim 288, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 10 pounds.

290. The submarine according to claim 199, wherein said submarine is capable of

safely operating on its own with human passengers for at least 40 consecutive hours.

291. The submarine according to claim 199, further comprising a surface hull,
wherein the surface hull and the passenger compartment are integrated into a single

chassis.

292. The submarine according to claim 199, further comprising a surface hull,
wherein the surface hull and the passenger compartment each comprise reinforcing

members.



306. The submarine according to claim30 1, wherein
sai d passenger conpartnent conprises a pressure hull
307. The submarine according to claim301, further
WOrp08888Y a central franmewor K19wherein the pa¥SEA§e07/072978
conpartnent is attached to the central franmework. 308.
The subyaITLBEuREEKOi08 i t6]chiim BO1 whethietRirBintdi@ng members
ballast system conprises at |east one

f edrhyrisesisek ol | abl e bal | ast conpartment. 309. The
submari ne according to claim 308, wherein the conbi ned
volunme of the at |east one fully-controllable ballast
conpar et eisghihfone z?dé@fd%@ el 8hy292 8%t the reinforcing members
approximately 315% of the total volune of said
pagsRmgermposiFantieeat . 310. The submarine according to
cl ai m 309, wherein the conbined volune of the at | east
one fully-controllable ballast conpartnent is
appr oxb agtgl. s uBAAMROficchhind @timvBIURBeRfin SR Winforcing members
passenger conpartnent. 3 11.The submarine according to
ckanpni@08ymwherei n t he conbi ned vol une of the at | east
one fully-controllable ballast conmpartnent is from
approximately 75%to approxi mately 125% of the total
vol ume 6 19rfi8mantl sRLAGRMBNiRf 2doheurakp E@iﬁibﬂﬂn%'a didface hull,
The submarine according to claim3 11. wherein t
c evibieire thevplriare lofll tive that pdsecager ormepdrimdén-aaomtcpmptisghimeunting
bgr t conpartnent is approximately 100% of the total

S-of surface displacenent of the submarine. 313.

The submarine according to claim301 , further
conprising a planing hull. 314. The submari ne
accordPﬁ@’mmnmbamﬁneaaonﬁu;Khémnnbﬁbﬁﬁ@@mgommﬂheasﬁmﬁmehum
one vari abl e _di spl.acenent fuel
SRR HE BEESE g0 TE|Hr e EOmFHARS] fogafegragise pre-drilld
,|%ﬂ§&ng Bolghgine is connected to an out drive. 3 16 .

he su rine according to claim3 4, wheiein said
bal | ast syst m conprises at | east one ball ot

conpartnent. and wherein sai Ieg&j one Xa blelplv |

di spl adéfrehie Fyaparng arcc?@m@l tQp%@@d ’t‘ﬁ“ﬂelﬁtt Fé&‘gf"‘ Orgieworx

b@g, SkesGRAPart ment . 317. The submarine according to
ﬁ1%f4 wherein said variabl e displacenent fuel

ceII conprises a flexible material. 318. The subnarine

iagcgr ? : g}g Bheed a %r;nﬁégj g%r §: c alsalzgl f\!vl?exrlem t%e central fralnewmk

comprises composite material.

300. The submarine according to claim 201, wherein the central framework

comprises aluminum.

301. A submarine comprising:
a passenger compartment,

a ballast system comprising at least one ballast compartment;

an ambient core manifold; and

an ambient core reader.



319. The submarine according to claim301 , further
conprising an upper body works. 320. The submari ne
according to claim 319, wherei ( ai d upper body works
WOrp08E80 at | east one seni-controll abl e bal | a8CTASHW7/072978
321. The submarine according to claim319, wherein ,
sai d upper Tisouhmapraascersi Pseamad | vdgesn ghé agpight qorg ypanifold
t ?sn!fSL?%%l%e ClI fe &4 lﬁ{eg?hg&s%%g'l&gt LR e%gﬁllﬁ.m .319'

wher ei n said upper body wor conprise si de decks

and 1 rear deck. 323. The submarine according to claim

319, wherein said upper body works conprises at |east

one marPpdihatsebmeing acgoulingrigeclaigh Ak ivisTar s8¢ dimpgent gore reader
claim.319, .wherein sakd r body works conprises at
|ggg?“%ﬁgﬂﬂg%%&%“ﬂ%ﬁﬂ?¥“%%%%‘The submari ne according

to claim 319, wherein said upper body works conprises

at | east one well. 326. The subnarine according to .

cl ai m 304, THasbmerncasapiding teglam 308 adereghei GRiperEy vl 8 inches
pgd. 327. The submarine according to claim301,

f uPtther conprising at |east one subnersion pod housing

at | east one battery. 328. The submarine according to
claim 301, further conprising at |east one air grid. ‘
329. Th®Sslrrabinaancaseorddi hig claamaai wheaais theay Hgsti ogic Higat trigger

a.high-pressure air storage qarid n.energenc e
o PR i s SR E8E Al B BRUERRRED B ey e
anp&eygen grid. 330. The submarine according to claim

329, wherein said high-pressure air storage grid
conprises at | east one SCBA conpressor, at |east one

st or age, t t l.east one hose d.at .l east one

e v Sl M BhatifR 020 AT Bt Ef a3 30 Eercompartment
mhﬁhﬁhge§@gg$ﬁ&emﬁﬁst one SCBA conpressor is rated to

about 5,000 psi.332. The subnmarine according to claim

330, wherein said high-pressure air storage grid

further_ conprises at |east. one take valve. 333, .The
o ver conge g g Lebol o Aol e ITE e
eNBLASNGY, Rhére@thdpassenger compartment is attached to the central framework.

308. The submarine according to claim 301, wherein the ballast system comprises

at least one fully-controllable ballast compartment.

309. The submarine according to claim 308, wherein the combined volume of the
at least one fully-controllable ballast compartment is from approximately 125% to

approximately 315% of the total volume of said passenger compartment.

310. The submarine according to claim 309, wherein the combined volume of the
at least one fully-controllable ballast compartment is approximately 200% of the total

volume of said passenger compartment.

311. The submarine according to claim 308, wherein the combined volume of the
at least one fully-controllable ballast compartment is from approximately 75% to

approximately 125% of the total volume of surface displacement of the submarine.



conprises at | east one air storage tank capabl e of

storing air at about 5.000 psi. 334. The submari ne
according to claim 329. further conprising a

WOR908E80re primary air gridldhich operates aPCHUS2007/072978
pressure of about 240 psi. 335. The submarine

according to claim 329, wherein said anbient-pressure

air conpensation grid connects to the anbient core

mani f of@ IBgsbFisc SeuEing e lamcdr dvgerndhesunieiyglume of the
wher ei n_sai.d ox i . [ , h - total.
LR L L R
COoNRAkbiBtace dispBdémedthd tsdiFmaiAe according to claim

301, further conprising carbon di oxi de scrubber

material. 338. The submarine according to claim 337,

furth i si t | east : \ in.
e R o

scrubber material are sufficient to provide life

support for 5 adult humans for at |east 40 hours, 339.

The suBhar iFhe selvoeini myordngloat! syl ffiherheymprising at least one
conprisi.ng at | eas side tanks. 340. The submarine
a&g£¥@?%8%93“§P§FW§§§b, wherein the total conbined

vol ume of said side tanks is about 195 cubic feet. 341

. The submarine according to claim339, wherein the o
total Gbnfihnedbmetinmeccofdizgiodlaind! t whiesin sidaat Ipashaye engine 1s
200 cubi,c feet. 342. The submarine according to claim
3§@‘?n€\%ﬁé?%?‘h°‘8é%’t¥eof said side tanks is divided

internally into at | east 3 conpartnents. 343. The

submarine according to claim301, conprising at |east

one i nBé.nalheh attina@inecenepulingremtlagont/di dwraan tsaidnbalast system
surface hull and at. l|east one external Dbal].ast .
SRR tehtCasb AN AL T REER. L SerHE S lpaghgne variable
34 1ab BB er YRTBE N REiGHOA AithG di Ralil e MaB4st coMBiabm.

said at | east one internal ballast compartnment is
connected to an external ballast conpartnent via a pea

trap cqnpnection. 345. The subparine according t.g. claim
341 \(,)% é.re]g]eﬁuglgpan%iwcp g to 8{%@11 3 ﬂ%, SHIreLFin Bgl;alqlggt(ﬂ)le displacement

CONRRLE BERbrides alf| RS Waldhap bal l'ast 1iner. 346. The
submarine according to claim 341, wherein said at

| east one internal ballast conpartnent is open to the

envir o%qgn"}heosrlllb%g%ng g}:go%&g to claim 317, wherein said flexible material is a

flexible polymer material.

319. The submarine according to claim 301, further comprising an upper body

works.

320. The submarine according to claim 319, wherein said upper body works

comprises at least one semi-controllable ballast zone.

321. The submarine according to claim 319, wherein said upper body works

comprises at least one stability tank.



347. The submarine according to claim343, wherein

said at | east one external ballast conpartnent is

anbi ent - pressure conpensated. 348 . The submari ne
VeaHAFFt 0 cl ai m 301, wherei h2Zai d submari ne PRAEZSH07/072978
| ength of | ess than 50 feet. 349. The submari ne

accor diang. TRe €hdhdAnd48coriher i daifaB th, SUlRdES isnieé upasr Body works
length of |ess than 35 feet. 350. The submarine
aceodiserg tide dickb mBUoar d¢rdr ei n sai d submarine has a

| ength of | ess than 20 feet. 351. The submarine

according to claim350, wherein said subnmarine has a

| engt h 08 Irgssuhathe R c @bl to38am The ShbdRshidipper body works
according to claim301 , wherein said submarine has a
wicdtipriofs dtdesst erigana@oiliteearnds53. The submari ne

according to claim352. wherein said subnmarine has a

width of less than 10 feet. 354. The submarine

accor ding. tre chighfMmOkcordMIEHEINinS 31 9 St Ishidupas bédy works
hei ght of | ess than 10 feet. 355. The submarine
acoopdisergattienschdrei weadd monhier ei n sai d subnmari ne has a

hei ght of less than 6 feet. 35 . The submarine

according to claim 301, wherein said submarine has a

total dpy WRE Ghtm@inebobyRen abauim 21 900nPaHRER @ body works
about 60.000 pounds. 357 . The submarine according to
clcaimpri3663t ledseors welsai d submari ne has a total dry

wei ght cf between about 2,500 pounds and about 30.000
pounds 358. Hi e submarine according to claim 357.

wher ei i gaithe SURMRAAN&DRBnALd elagth 3NY MBSEBEmMising at least one
bet ween about 2,500 pounds and about 15, 000 pounds.
358@bnikhsgorspdsirar i ne accordi ng to clai m306. wherein

said pressure hull is rated to a depth of at [east 50

feet. 360. The submarine according to claim 359,

wher ei m Baife R ESSHTECadiBldin & CAIRBNO @t deREAp@fin@ht least one
| east 200 feet. 361 . The submarine according to claim
360pmeheorepal Isaisthgpt Besswne bhitdrly. i s rated to a depth of

at | east 600 feet.

328. The submarine according to claim 301, further comprising at least one air

grid.

329. The submarine according to claim 328, comprising a high-pressure air
storage grid, an emergency air grid, an ambient-pressure air compensation grid, and an

oxygen grid.

330. The submarine according to claim 329, wherein said high-pressure air
storage grid comprises at least one SCBA compressor, at least one storage tank, at least

one hose, and at least one valve.

331. The submarine according to claim 330, wherein said at least one SCBA

compressor is rated to about 5,000 psi.



362. The submarine according to claim361, wherein

said pressure hull is rated to a depth of at |east

1200 feet. 363. The submarinejggcording to claim 362,
WREPEH8%88i d pressure hull is rated to a depthPQTHEFm”m7ﬂ”3

500 Whed B UL AOEHBER EBlbar Db bapH gk Blgure air

ah&agp G filr@Beom @53mﬁ@ﬁn%h&%ﬁﬂdﬁ%%b&?cordlng to claim
erein sai passenger con‘partmsnt conprl Ses a

cyllnder wi th henispherical ends, wherein the outside

di anmet assen r arit i s abqu

feot Sha Min SRl PR S PERE: B TR LA hsedn dgaremeteency air grid
@Hﬁﬂﬁfsteﬂ?cnéas{ éqeasﬁloé%r %5 tzfnﬁ%ﬁpab?tﬁcﬁf sloTh% MQ%BUWSGOOO psi.
according to claim 31 wherei n said variab

di spl acement fuel cell conprises a baffle. 367 The
submar | cc rdln to in the combin
Vol une’ o 1BERE R i bkdO bR ARy Tt e A Pgiresure
Cﬁllnlna asauagrldl \@!ﬁ@ﬁ opr?ga&@Lr{ PP ssurffabdi 'ﬂ%%)lf}%{mf I ne
according to claim 367, erein the conbi ned vol une of
said at |east one variable displacenment fuel cell |s
at |l ea 0 gallons. 369. Th marj ne. accordj.n
claim 2%58%%% RIS HEOTWT RO 1T \Lj‘g o %“éﬂo %I‘“&JF‘% -pressure air
| @@ﬁﬁer@ﬁ%nvozi‘fd' &Rl BEEARMLd Hghirgal | 1S at |east
[ ons. . The submarine according to claim
369 mhereln the conblned volune of said at |east one

vari abl | acenent | east. 500
gal | oné?(’ %%igubmmgles‘a Wﬁﬁ% @dwhgretn&a& RiYgFBgd comprises
Wher g %nfély@e@%%ﬁ%ng%f ﬁgam@usl{ﬁ%monqe%w @?engé clo%%menh (

one acrylicview ng w The submarin
accor di ng to claim 371, further conprising a surface

hul |, mher in said surface hull conp es at |east one
acryl i ¢ i ISR HrsROTBTIO Y é)&bﬁfﬁ@?rn@%@a}goqaf@ dioxide

Q. GhaimAld; further conprising a fuel grid. 374. The
%na?%ne aCCOfdlng to claim 373, wherein said fuel

grld conprises at |east one punp used to punp fuel out
of said _at |east one variable displacenent fue

cel | . 3788 %S%’Wﬁ ‘*r‘?é‘)fé&%otf’oql%’@‘ 3> dplhsh epenprising at least one
V\/%@\(,génn[?@? v&%ih tcltat $o3L &P &&ga{ bﬁﬁ%n@tscuheﬁg)t&}W&Me scrubber

e su marine according to clail
V\hﬁmmen ameashi i cSamlp raprion@lel | &e egpahlfer Didusttininsae foqe naki 4hours.
at a speed of at least 10 mles per hour.

339. The submarine according to claim 301, further comprising at least 2 side

tanks.

340. The submarine according to claim 339, wherein the total combined volume

of said side tanks is about 195 cubic feet.

341. The submarine according to claim 339, wherein the total combined volume

of said side tanks is at least 200 cubic-feet.

342. The submarine according to claim 339, wherein each of said side tanks is

divided internally into at least 3 compartments.



377. The submarine according to claim376. wherein

said submarine is capable of surface operation at a

speed of at |east 20 nmiles per hour. 378. The

WOBAIN#80 according to clai m 3724 | wherein sai §CT/US2007/072978
submarine i s capable of surface operation at a speed

of at least 30 mles per hour. 37() . The submarine
according to claim 378, wherein said submarine is '
capabl é4df Thypbarsingperatingio gtaiy ¥Hesempising af kas tonggnternal
mlil ﬁzrc’s\tNEgrg] ‘I{]r%{(reﬁt. 03§1%'i1 J%ﬂ%h‘?%[%a@ee h ﬁ%ﬁ(ﬁ 9{ Q:gstto?xe %L(QHQ] ballast
379, erBi'n said submari nei's capabl e of sui face
oRemphitabnt@bnaif@eathiatflcat oheadd ta0Q. m | es per hour.

381 . The submarine according to claim301. wherein

sai d submarine has a powerto- weight ratio during
e B g B R R TR
winangt RoSPhAmpAWRI cohficcll @hin &:atin@l BMIdsNGorBpti @SE via a pea trap
operation is at |least 1 horsepower per 35 pounds. 383.
Theengbp@mri ne according to claim 382, wherein said
power -t o-wei ght ratio during surface operation is at

| east 1 horsepower per 25 pounds. 384. The subnarine

accor dizng. TRe SlihdAnd@dsorihiL kS LRI 34d, REWSH-shid-edagihdne internal
ratio during surface operation is at |least 1

hdrBep omepangeentiplipsurmidsa b@BSt lifie submari ne accordi ng

to claim301 , wherein said submarine is capabl e of

safely operating on its own with human passengers for

at | easlyp49nh& aeaiHel v riau s cRBA - 34Theh&RN®Id A€east one internal
according to claim 301, further conprising a surface

hiallast whepeitmenthe o tb derecnuphmenricont the bpéasenger

conpartnment are integrated into a single chassis. 387.

The submarine according to claim301, further

conpri sjNgTRe SRR hrdiing WEhEH B 48 heh&binfsa@et bkl one external
and the passenger conpartnent each conprise

r diaflisicompgrtmentoe pmbicB8BessTheecosuipmaatethe accordi ng to

claim 387, wherein the reinforcing nenbers conprise

steel. 389. The submarine according to claim387,

wher ei s /ghend QibRfaBhE hBrdFRIB 8128 GOMPKh&EinCATRGHhde has a length
material. 390. The submarine according to claim 387,

- wheless thanh® fieefi. nf or ci ng menbers conpri se al um num

349. The submarine according to claim 348, wherein said submarine has a length

of lessthan 35 feet.

350. The submarine according to claim 349, wherein said submarine has a length

of less than 20 feet.

351. The submarine according to claim 350, wherein said submarine has a length

of less than 10 feet.

352. The submarine according to claim 301, wherein said submarine has a width

of less than 20 feet.



391. The submarine according to claim387, further
conprising a surface hull, wherein the surface hul
and t he passenger corrpartrrent1 ch conprise nounting
WP 20W0A0880392. The submarine according to cIa|RC§8$2m”m7ﬂ”s
further_conprising a surface hul |, wherein. % surfﬁce
hul | aAdh-tIHiE SYHBBIRGEFOTE BIpRF iR A2 WREK LHHHHIDERIING has a width
p unting holes. 393. The subnarine
5?%?%%%% gﬂﬁla m 307, wherein said central framework
conprises steel. 394. The subnarine according to claim
307, wherein said central framework conprises
conposP@%7ﬁﬁP$WPﬁW3395“m?Eé3@@BﬁﬁﬁrWﬁmﬁ@é%FHW%ﬁmFﬁi““a‘m“m
rein said central framework conprises
uﬁg%%%g %8%F A net hod for anbi ent-pressure
conpensati ng conponents of a submarine, conprising:
providing an anbi ent core manifol d; providing an
anbi enB5edhe syhepiEe ac e ﬁgma-?iﬁ ‘gﬁﬁrﬁﬁ’@%@nﬁf‘ﬁe has a height
sgg hdggp&%3|ng air stored at a pressure higher than
|en% pressure; said high-pressure air source
connected to said ambient core mani fold such that the
hi gh-pressure air source provides air to the anbient
core maApfldiedubmaniesiyenisiéng (o cimuat | BRerey sellesubmpiahipas a total
core re and t e air
r P Rg S BT <R AR B SRR Y AL S, Per
conponent of the submarine. 397. The nethod accordi ng
to claim396, wherein air is distributed fromthe
arrbl enpSE o% sHampting apcppsiing to] ka3 5enuhesifpeidenpmagtic has a total
%6‘,( ﬁ,[g te r e;rsc:g ﬂe%g gcuta?éiéstgno%rnldy ? hi ablg?{ f(p(y()‘) pounds
conponent not deS|gned for use on a subnarlne 398.
The met hod according to claim396, further conpr|5|n?
pr OVI di3Ag bhedsgmam@gwat‘bﬁg whilam 1567\/\51‘1@%%1%{"«‘@5}@0% has a total
d t | d from
s el b LS RaS i 20 Rl ygE oS E Lo bl
according to claim396, wherein the anbient core

manifold is a . o ‘
359. The sucmarine according to claim 306, wherein said pressure hull is rated to

a depth of at {east 50 feet.

360. The submarine according to claim 359, wherein said pressure hull is rated to

a depth of at least 200 feet.

361. The submarine according to claim 360, wherein said pressure hull is rated to

a depth of"at least 600 feet.

362. The submarine according to claim 361, wherein said pressure hull is rated to

a depth of at least 1200 feet.

363. The submarine according to claim 362, wherein said pressure hull is rated to

a depth of at least 1500 feet.



surface engi ne conpartnent. 400. The nethod according

to claim 396, wherein the neans to distribute air from

t he anbient core manifold to q&)least one ot her
WOrpUNEsR80 of t he submarine is a0 Ieast one ai r PGT{U$2007/072978
401 . The nethod according to claim400, wherein the

at | ea¥t® dhesHimargiciageordagioickad 39t . Vaden syA aasggRar compartment
r , - he pressure of the air distributed
t%gﬁ%ﬂ%gééégghgﬁﬁéﬁ%bnent | ocat ed above the anbi ent

core mani fol d. 402. The net hod according to clai m401,
wherein the at | east one conponent | ocated above the

anbi end0dhe supTsIagcEGhp o dBg1 30, VB s spif @asseagEcompartment
49?{1'1 r-lnése ancE‘tIiQSQr \gﬁﬁ %regllisqgerﬁcgl gllx(?sl mh?é%qﬂ l‘{g1 ?ﬁtﬁ'd@ dfa‘rﬁ{eger of said
arbient” ore reader conﬁrlses a pipe and at ' reast" She
&ﬁ@s@én dbf c8@RhrtméNdis dvat Befehodnaceidreinnge tion@h aif BuidQRhssenger

erein said pipe is about 18 inches |ong. 405. The

e inaene o Aoy 12 &ckl ai m 403, wherein the at |east

one float trigger is separated fromany other fl oat
triggers and from both openi ngs of said pipe by at

| east 36d. NBREELMAR: acforTRihOd ain®B 1 PUNigr-Ag shakh@sle displacement
wat er from a subnerged submarine, conprising:

piewl el ¢rgnprises aellea first fully-control |l abl e ball ast
conpartnent until the submarine rises far enough such

that a sem -controll able ballast zone breaches the

surf aces7 amd s@ﬂnh@x\Md't@cM@ﬁlg fo d@mdrai whérti@mddagibined volume of said
sem -control | abl e ballast zone by action of gravity

unt fehst ohe vaeahle displesandnabickedblab phlsast20rsllewnt ai ns

water in less than half of its volune. 407. The net hod
- according to claim406, further conprising opening at
| east 9P MRIsUBMAfindachRBink (A SOIHTEEhERR tEdRBAIc RFGume of said
the first fully-controllable ballast conpartnment to a
' setload ohgyatdedisplebdragt &rcbed!l iast leagnhargehenst . 408.
The net hod according to claim407, wherein air is
injected into the second fully-controllable ballast
conpar BFentheSUsMatiRddccain@ o difint 348, ¥86RMAhe combined volume of said
fully-controll abl e ballast conmpartnent purges into the
f iat Bhstfout Myriddeatisplatedne fizht¢lbistat estpX0taadons. t hr ough

370. The submarine according to claim 369, wherein the combined volume of said

at least one variable displacement fuel cell 1s at least 500 gallons.

371. The submarine according to claim 301, wherein said passenger compartment

comprises at least one acrylic viewing window.

372. The submarine according to claim 371, further comprising a surface hull,

wherein said surface hull comprises at least one acrylic viewing window.
373. The submarine according to claim 314, further comprising a fuel grid.

374. The submarine according to claim 373, wherein said fuel grid comprises at

least one pump used to pump fuel out of said at least one variable displacement fuel cell.



the pea trap connection, and then air enters the first
fully-controllabl e ballast conpartnent through the pea
trap connection. 409. The nmethod according to claim
WOZ300948888P i si ng al | owi ng wat er 130 drain from t RET/US2007/072978
sem -control | abl e ball ast zone by action of gravity
until the sem -controllable ballast /one contains
water in less than 35% of its volune. 410. The net hod
accor didig tbe crbinpiizpo9ccosdinpriost g a0l oinRg Twatidr blgst system
drain fromthe m -control |l abl e ballast zone b
aSPWBHS%WQB?QéWgéuﬂHti| the sem -controllable bgllast
zone contains water in |less than 30%of its volune. 4
11. The met hod accordin%.to clai m 410, conpri sing .
al | owi Agowktesrbmyrintfragrerdfnedariabe 38 brhetadmtarbiubaigriac is capable of

act i §h¥ t he

out.

bal | ast one b f i
o EeoREror AT S<bEPT 0r% Shaliletptill

ns water in |ess

than 25% of its volunme. 412. The nethod according to

cl ai m 408, wherein the first fully-controllable =

b&l | a?137¢ ol ipabmamra accerdgngtaicheim ﬁ%@rvﬁ@renb%@m sbnarine is capable of

conpartnent, and herein the,eco, d fuliy-c nirollable
bt T AT OREGHIAE REE PbACHL AR TRIEE 8P bal | ast
conpartmem 413. The net hod according to claim4 12,

wherein the first fullycontrollab' e ball ast o
conpar t38nthd wbwemnteicaerding olelanma 7 Survesgiesadisubnanige is capable of

wherein the. d_fully- ol | abl e bal |
O & ot Rt oA PR B Ak

379. The submarine according to claim 378, wherein said submarine is capable of

surface operation at a speed of at least 40 miles per hour.

380. The submarine according to claim 379, wherein said submarine is capable of

surface operation at a speed of at least 60 miles.per hour.

381. The submarine according to claim 301, wherein said submarine has a power-

to-weight ratio during surface operation of at least 1 horsepower per 50 pounds.

382. The submarine according to claim 381, wherein said power-to-weight ratio

during surface operation is at least [ horsepower per 35 pounds.

383. The submarine according to claim 382, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 25 pounds.

384. The submarine according to claim 383, wherein said power-to-weight ratio

during surface operation is at least 1 horsepower per 10 pounds.

385. The submarine according to claim 301, wherein said submarine is capable of

safely operating on its own with human passengers for at least 40 consecutive hours.
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386. The submarine according to claim 301, further comprising a surface hull,
wherein the surface hull and the passenger compartment are integrated into a single

chassis.

387. The submarine according to claim 301, further comprising a surface hull,
wherein the surface hull and the passenger compartment each comprise reinforcing

members.

388. The submarine according to claim 387, wherein the reinforcing members

comprise steel.

389. The submarine according to claim 387, wherein the reinforcing members

comprise composite material.

390. The submarine according to claim 387, wherein the reinforcing members

comprise aluminum.

391. The submarine according to claim 387, further comprising a surface hull,
wherein the surface hull and the passenger compartment each comprise mounting

brackets.

392. The submarine according to claim 387, further comprising a surface hull,
wherein the surface hull and the passenger compartment each comprise pre-drilled

mounting holes.

393. The submarine according to claim 307, wherein said central framework

comprises steel.

394. The submarine according to claim 307, wherein said central framework

comprises composite material.
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395. The submarine according to claim 307, wherein said central framework

comprises aluminum.

396. A method for ambient-pressure compensating components of a submarine,
comprising:

providing an ambient core manifold,;

providing an ambient core reader;

providing a high-pressure air source comprising air stored at a pressure higher
than ambient pressure; said high-pressure air source connected to said ambient core
manifold such that the high-pressure air source provides air to the ambient core manifold
in response te actuation by the ambient core reader; and

providing a means to distribute air from the ambient core manifold to at least one

other component of the submarine.

397. The method according to claim 39¢, wherein air 1s distributed from the
ambient core manifold to at least one component not designed for use on a submarine,
thereby ambient-pressure compensating the at least one component not designed for use

on a submarine.

398. The method according to claim 396, further comprising providing a down
regulator which lowers the pressure of the air provided to the ambient core manifold from

the high-pressure air source.

399. The method according to claim 396, wherein the ambient core manifoldis a

surface engine compartment.

400. The method according to claim 396, wherein the means to distribute air
from the ambient core manifold to at least one other component of the submarine is at

least one air grid.

401. The method according to claim 400, wherein the at least one air grid
comprises at least one down regulator to lower the pressure of the air distributed to at

least one component located above the ambient core manifold.
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402. The method according to claim 401, wherein the at least one component

located above the ambient core manifold comprises at least one valve.

403. The method according to claim 396, wherein said ambient core reader

comprises a pipe and at least one float trigger.

404. The method according to claim 403, wherein said pipe is about 18 inches

long.

405. The method according to claim 403, wherein the at least one float trigger is
separated from any other float triggers and from both openings of said pipe by at least 3

inches.

406. A method for purging ballast water from a submerged submarine,
comprising:
providing air into a first fully-controllable ballast compartment until the

submarine rises far enough such that a semi-controllable ballast zone breaches the

surface; and
allowing water to drain from the semi-controllable ballast zone by action of
_gravity until the semi-controllable ballast zone contains water in less than half of its

volume.

407. The method according to claim 406, further comprising opening at least one
valve of a pea trap connection connecting the first fully-controllable ballast compartment

to a second fully-controllable ballast compartment.

408. The method according to claim 407, wherein air is injected into the second

fully-controllable ballast compartment such that water in the second fully-controllable

ballast compartment purges into the first fully-controllable ballast compartment through
the pea trap connection, and then air enters the first fully-controllable ballast

compartment through the pea trap connection.
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409. The method according to claim 405, comprising allowing water to drain from
the semi-controllable ballast zone by action of gravity until the semi-controllable ballast

zone contains water in less than 35% of its volume.

410. The method according to claim 409, comprising allowing water to drain from
the semi-controllable ballast zone by action of gravity until the semi-controllable ballast

zone contains water in less than 30% of its volume.

411. The method according to claim 410, comprising ailowing water to drain from
the semi-controliable ballast zone by action of gravity until the semi-controllable ballast

zone contains water in less than 25% of its volume.

412. The method according to claim 408, wherein the first fully-controllable
baliast <::01r;partment is a main internal ballast compartment, and wherein the second

fuliv-eonirollable ballast compartieent is a main esternal ballast compartraent.

413. The method according to claim 412, wherein the first fully-controllabte

ballast compartment is contained within a surface hull, and wherein the sccond fully-

centrollable ballast compartment is contained within a side tank.




