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1 DESCRIPTION GENERAL PURPOSE SUBMARINE HAVING HIGH
SPEED SURFACE CAPABILITY 5 FIELD OF THE INVENTION The
present invention relates to a submarine capable of high-speed,
long-range surface navigation. 10BACKGROUND OF THE INVENTION
There are many different types of [gisselr ifratGrn be classified as
submarines or submersibles. A submarine is typically considered an
autonomous vessel, capable of moving forward and changing directions
under Wate(reaRE HERP DRV GATBMAR REE g BRaS, It HSSPKEBRINIRFACE
capabilities, and capable of safely o eratln under water. A 15
submersible is generally considere &that can submerge and
operate underwater, but may have Irmrted or no capacity to navigate the
seas on its own. Submarines and submersibles both carry human

passengers under the surfadeidtkh@ivater. kA& ny submarine or
Smeers@ﬁe H%teﬁlt. lﬁ@é’it% ‘?Qllﬁé? t@%%ﬂb@ﬁ%ﬁ%"éa%&%%ﬁ éﬂ’] ch%'ac}/cm g-range
and provide propulsion for the passengers. Most subniarines and
sub*m@mbie\gaﬁcrprovrde 20 some sort of life support for the passengers,
though some submersibles may require the passengers to wear

Self-Contained Underwater Breathing Apparatus (SCUBA) gear. All

submarines, and many BUSrK&rEibIgs] kéelp ThEEpasgenddistsafe from the
pressure af (e Walcr 1 siepif Bugvancys heupuiard foree SXared Brorines or
water on a sugmerge or par )y% submerge obJe vesse will Hoa

in waterevsiidesthe mm;zannéasc@]masmngompi@eduai mitmmgm\ﬂtatmﬁblcapable of

forlcle Qulll the dOV\III[P &[ uo Slrrlr force f%)rushl og anattln0 On the hieh
in water 15 callac ros%la%i HftThe magnl‘fuaV heP Buoyarﬁ f/o% &

hyde@ﬁtammftee&eiﬁpegrdapmﬁtm améuripablyvaiérsdisplageddoyia under water. A

particular object. Wh an obj s on the syrface of water, gravity pulls i
oA e ORI 50 A A T L VBB B A GG tmderatr,
asigle. nhe oly mﬁ]aé&vaterochsphaa@dm&wbgzﬁauaé tedhenaluoe of titnarines and
object that %(?)W the \gaterllne which is known as the

disHIATSHLNES PREMSATY: @@%ﬁ&ﬂﬁ%ﬁl&ﬁr&%@r@ &E&Krwrﬁfé waRgREore &y

of thvatimaechvaiasBisalagesk least be able to attain negative or neutral buoyancy, and
provide propulsion for the passengers. Most submarines and submérsibles also provide
some sort of life support for the passengers, though some submersibles may require the
passengers to wear Self-Contained Underwater Breathing Apparatus (SCUBA) 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 vessieI will float in water when the buoyant force pushing up is equal
to the gravitational force pulling the vessel down. The buoyant force pushing up on an
object in water is called hydrostatic lift. The magnitude of the buoyant force, or
hydrostatic 1ift, 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, 1t 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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Since the displacement of a vessel on the surface of the water is
dependent on its weight, it can be controlled by using ballast. Ballast is
usually water that is allowed to enter a vesgel into sealed hull
compartments. In surface ships, water is typically added to ballast
compartments to add additional 5 mass to the lower portjons of the ship. .
This lowerCHi SRR BEFRTLP G ality AR Wierbrtie Heinate i deisfiignton s

onhegsurfacs Gubmadnes endsubmarsbis have Distenigaliyaahat is allowed to
needed ballast water for stability on the surface since they will usually

alrEBY HETEA TR ke Mot GanprEmaiite cargo variability. They also

typically sif, ¥emidewhipsthevsater yyhile afRaesbayith: ebhReh & Medkid additional
volume of the overall vessel 10above the waterline. In submarines and

subRAETIIbIBS, aea meraabe @ tolsafBist ddispaitiviarths tshiep tRRisT Stheravity and
below the syrfac.This samnifyJookedAt a3:eiheERAYEIRY Q submersibles have

displacement of a vessel or increasing its weight; both have the same
maieenatdainsffecedrs ablavarivrice fenisielobly, eritipgbsirestiverdhey will usually
typically, view ing,t : 5. NMhen e -
co e oty i
bueyantyand theugadocsbiitingfor et wilbpaht fos omaiheolansed Mreoverall vessel
ma%sogfi ese e?]:faﬁs:t compartments must still be considered in the energy
requweg 0 prope the vessel underwater. These ballast compartments are

often calldd seniabiadispthodmens)sirce theysadtslediater taseotermanichents to help

,redt 1%6 tsblrelkbbu? \g %‘?é/ SO];'%cye?Sl‘%ells Qansg Po%fgech Ig% azs%%lls rl?‘g(ﬁ[&enntth di's:p%cement of
vessSels capa% e of undenwater operation, such as dubmarines and
suhnessiblasnthensinmpst attaghndotiahibueoyaneyn bynadiesting thef&otolmrstibmarine
of ballast \r/ater. eut aI] uoyancy r?fers the c%ndit_io whe{ﬁ tb/essel’s buovanc
upWAPH 8IRE o BB AACY e HTATS the RIGWHWATE Pl B gFaliry T this yancy:
conglitien hal Meissahpartisatitsr dpillsiay syslesiedmPaside;sintssentbyecutrally
about in the water. In typical submarines, the weight of the vessel is

oo TG 10558 RE ) DR e BEb RS e s of these
vessgl s fogadisplaaement siThe dixesdisptopamenicisiteqateme efdpe the vessel
portions of the sub that are watertight and cannot be flooded, whjch

ha _
detePAfHEdthe HesfhRiasH S8 el Bg'gtﬁﬁﬁn W@{bth%q%ajlacement, since

neqggsasde alawrthe assekiisvhimes aeand Alaly nsulal biseyancyeducing its
even when it has no extra weight by completely flooding the controllable

balfi&P!a955¥ he variable displacement is determinant of its payload

capacity. Fae fxgsbispipasinentinmRsl a3-pUBPRAINAS IsedNtainedbmarines and
mostlg within the pressure hull, the strengthened passenger compartment

thafBEI8is s dpems Hesa eV QYARSY BY adpeing theysnoind plpllast water.
submersiblgR Als.ysefiionaitber AseREvIRE: %%Q{I}J?@w 1B BSSIePSquals the
or for shallow-diving recreational trips. Both types have the minimal
downward pull of gravity. In this condition, a vessel can use its propulsion systems to
rfse, 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 1t 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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5 controllable ballast necessary to reach the buoyancy needed to barely
rise above the surface just enough to allow passengers to enter and exit
the vessel. The variable displacement is extremely small compared to the
amount of fixed displacement in these vessels. Due to this fact, these

smabsubneTsiblenErEHbIWSIE 1y 1iae Mi§HPErsHEh MBbvBsTE Qigthsaegassenger
allovy, g maiothy RhhairYoms i fesideqbove thewateding pihey are

not 10-able to achieve the amount of positive buoyancy necessary to do

so. Keepifymheahsajehtyudnibsibbiz are with&vesdsr Wedeisies wivape or industry
surf implifies the design of th nd keens iR oM te minimal
unci%%v%%%rnﬁd@v%i%%%%%%&d%éo%végggt?%ﬁs %ﬁ@ign approach givées.vg&mmma
limitedtabilible b uléant rondiersudacechribicationsacyeryedud teyrediofise above the
variablit 'r{é’taé{x'%adhl%\"éﬂ"%O”e%'sréa"%—9"%‘69@:%?@91-‘14% r@ﬁ'}'@%ﬁé%% scl. The variable
vessels Capable of tihderwater Bpera{]t?on are used today for a wide variety

of plisphsesichitdderrsuipipanndsangsubrehsibiesuareVérned depiatizadyt in these

though, varying from vessels that serve as military weapans platforms to
thol TR A (RO Sepr o TR LS tHOSR i e g ebove
for tecsaational shallavntivesy baspite dilargequddtinbof stiematines: aitey are not

20 supmersibles for many specialized tasks, no true general-pugpose o
o SIS o1t ERLARET GO ARGH SR SHBL AT B P e e moaorit
mubiple:applisatianee Tha is @seatervertsngadadennpldieyessétdhatidhe vessel
small, cost-efficient, and possesses significant autonomy, navigation .
ca&é@t&;,ﬁ%dtrﬁﬁb@bﬂ%mwaizﬁw%&liﬁ ﬂgfafoe@a%%?"@én‘ a%%appmach
on the-highseaniaee AyoRy IViprsizedmiitanmsumaangsowesinaltyvesselegree of
25 capable of underwater operation with true navigation capacity and
seaKaaNHy Ebiitdeafiould be extremely useful in both private industry

and to theymilifanyriginaliedosionsiant aapahiities ol exslingipable of underwater
submarines and submersibles are varied, from simple underwater

SCORETAIRT dRrersed tdHud udiide rideiie Al PE@PRsSnTdRigiysubmarines and
Unitedmiaigs-Naw «Nsuerhaless, albaxistingsHPMennessand that serve as military

submersibles share the 30 common trait that they are each designed for

a varsappatieiiipese thnt HamwsdatirgirsehieatiBnicstsiyto drose that are
thejdniepged.usiionaNEIbA!! @fHhe pailds tusRbmanes RJawbA®ines and

large, ship-sized military vessels. In fact, the only true submarines
currshtiseipibiss &oe theny ansowdiapic wslitanp &vesselrydsadnspehetgescapable of

Na%@é}%%%%}éﬂ?gg%ﬂaég%q ﬂ%@%ﬁ'%h?s%% 8t ﬁmﬂﬂﬂetqﬁ ié}fﬁons. There is also

sophisticat s capable of underwater operation ever built. o
Somisativrisostifldsse aliwsedsetd shit it sushrrdfistentywind pogegeseh s1gmficant
Wldgu![losneo%lﬂ/”ﬁ% 1 8{19 V%Qtﬁeﬂr%f‘%ﬁ‘%%gén YGLSR Qiﬁﬂl@%zﬁ%tltl‘?ﬁlse today that can
submerged-time, peegl, stealth, 5 and armament, but are similar in basi¢
functivizalthey uise bighassmenginesto shpgedd guititabnitebissrioesa divanall vessel
Nuclear-powered designs that can nd months und rwater gagg_k o abiliti
o Ry A Rt i o R g W ceping i
foreigm licvies: tieine: ht st éabtahgpuiset iopoiwve rikbsethessblsrgan

operate o e e e SRR RIS e, ISR SO e v
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 m 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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Transoceanic military submarines are used for many different missions,
and each mission type is usually accomplished by a particular class of
submarine. The U.S. Navy currently has thg Ohio-Class Submersible Ship
Ballistic missile Nuclear (SSBN), the Submersible Ship Guided missile

Nuglear (324 'k\'éi't%%%%.EQ%&%ﬁé*@t%%ﬁﬁ&@ﬂiﬁ%‘ﬂﬂgﬁ&éz %H@Q%féé?ﬁ%ng the most

Ship Nuclear (SSN) classes; and the Virginia SSN class. The Ohio-Clas

SSathalsotdowsses dBpohterd, selvavasacpgalthy emeobilei launch

platf(_)rm f%rorkl)*lael lr'a%%%%nngls%ﬁilgsse JQ&%QG l%{;gllgﬁﬁaares ooarf‘[llgerss t\\bﬁ‘ ! ﬁr\ger in wide use
converted 10 carry cruise missilés and 10'Séve a |5'la orms for gpema?
ForbemepFratibigr ThEHe Awdach Seawol ESihglassesdnedasiditackspeed, stealth,
submarines, and the Vir i.nianSSN class js a fast ﬁttack sub, cruise missile

20 PR BIAHEr RUGHE SPRIARHE GRS BISHSHn A5y 6. Mifoge Shetnes to charge

sulyRratiresacg attricipeweie tt angocapad e afaiving danableastBothferiderwater
below the surface of the water. . Transoceanic military submarines are

dedIgHeEFRPIBh G M GReE Rt FRRIBRRRFhig Kpbeds oniabdtgome foreign

surface:yerselaang iersinaltRed he se wesaalscaradyRical b perbig RS$ large without
surface sh(iéps. None of these military submarines have any non- 25

mil &R 0860 ey e 31! {58ve RPN ARANFRDHOCHAID Trams iBrt Eags to add
Pagagpee diaveldr.abeareys faster, more practical, and more comfortable
by other means. Industrial use is not practical for these submarines since
their size PrevetneBiseralion aHiunt et Hgeredis pasydisieicgtateyens, and each

PlafioLms, HS [2eK ATV ISR S PaRZS1REAIEb AL ARBIAIOTANYS. Navy

huge cost to produce precludes any tourism or recreational use. Thus,

3othesentydenihirdioubliriridanuvdlsoobindt ke asitials thaiplegi(SpBN), the
waldare RlafeL @hiFyGu-ird%ﬂrﬁi@gﬂ JTA X @Wémgﬁ!@ &% 9%&?&%@ Mhd Seawolf

capable of a variety of different uses, but each individually only useful for

a spebificraable. Snpalieckabfhierintbs we uskthby bothianeSMifitasy. dig Ohio-Class
p“VS:g%]S?ﬁ% QHM@S%%%%QII% gs%%aa(\st%{)&gaqt% ﬁ’(b%ﬁ%%é@%h fyfogl@rf%r ballistic
not usedfor navigation on the High seas but rather are vehicles used to
acoessike Jopi(Of Gbwcrabinraderelavectiostrad decarry criise mestes and to
basic sybmarsibles %Fs%%glﬁlt %‘Ec%rseo'oé’#%%?ﬁ‘ﬁeﬁi‘.'ﬁe‘é’n@é@ SR Rsses are
surface vessel using a stpport cable. Diving bells ard bathyspheres are
exafnplesaok Sithmae sim ptel pbad/irgink d¥Ngled s hésicatlych sub, cruise missile

submerged packet of ajr in an air-tight.compart tthat is partially.open .
DRI e BEORTAL Bter AR Tl T SE P B Rl comic-
thapissepehad wierd thef diving beltis-sulftefgecbalode it sk fdbdnrg tellvater.

acts as an_elevator takin%fivers eep .under th surfaﬁsegggft e water and

as a decorBFESSRIT SENARbEY TR BTGy URASH FAckRPpiee cruising at

surfaggivAldivips Heltdesisigtiedexiramdy essiviesmad depiteiouph:tae essels are
use of ambient pressure compensation. As the diving bell descends ynder

watdPIERE X RIS CER 6 SIS 8 e RARG DR B LS AT fg1ave any non-

addgditerihesdinng,/bed fihecyatesdnaresses iRl AN e GRERIG1ANEs.. Passenger
begins filling the bell. The air trapped in the diving bell compresses at the

top Yt iSreifaREs hRmoKeiiEs (e dRt FROGF AoEMoat: o BichiRerRAsaRs- Industrial
the pressHie gadheinsidaapd eitnidsQfdhecdivinghelbisraiiaby¥aigbn around or

stops intruding into the diving bell. As the diving bell continues to

deseedd, otferpiessslirer séicbie o lgkeutes; the ek ohipredaes tge cisize needed
the i é&?k&&#%ﬁafﬂ&gt%m@%r§m HP&MM&&E%@H@%%B%E%& Thus,

and exterior of the diving bell, the water does not cause any stress on the

walllzsddngasilferdiibybeicrdmein cbapenbasHeansteicominenlatiormn.
materials ﬂ*ﬂ%"é’a%%rﬁggt emﬁﬁ@%&hﬁﬁgré%?e%'88&[%{:‘%1\%19'é’dBQoPeeélrﬁal‘?&?ofdifferent

as they are reasona airtig
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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Typical modern diving bells are designed to remain dry on the inside.
Compressed air is released into the diving bell at depth to prevent water

ingress at depth. The air is usually provideds by a surface support vessel

via an umbilical connection. Air is provided 25 at a pressure just higher
thasrthaeiofaseiovatey igatingethib e Niglysse DT BELSES ‘Al IFbe8 BiGH 1o access the

bubple puithroyah,ihe diving. RellopeRiagaand keeps the air supply fresh

for thé passengers. When the diving bell ascends to the surface, the
pressure dfithmesatesteoreasedtaschthpo thsises xpardsehhisabBldae water by

out, The.main limitation of jent r tsileHasHAIng @ nies of
it B S e o G motes o
bodyrésestnepdepbly. increases in ambient pressure but compensates by

pulling more air into the lungs, increasing the amount.of gases in_tt.g ¢
Di00d. 1 s ANIEH PO ALt D TSl Dol At e i compartmen
thredatcapdd sgmewuhat hasedidy ibdhgiathenmerithaskesvinathele m the center or a

breathing mix, such as helium. Breathing mixes usyally, also have.a | r
perCBIAHEdf SRR RER T SR A et AL B L gigh el ot s am
causkesAsiditivnal exygenitereniricthdolosticAs theqressurendrapa Whempression

the ambient pressure sybmersible rises, the body must expel the exce
<SR AR G HL b G e A e e xreme
is aplewnRs RfAspasithulanger e speninabaepihe ansibesaeanersthe diving bell
depth, the longer the expulsion of excess gases takes. |f the gmbient

preSSHESHHHETSIER TSRS MBBIGURKT e L Sih TEHIdGY A BELI no 2ir is

and,gaLise, the herdse Whighvisve i paisfutanddeamsespaitineadatotgins filling the
embolism. Therefore, passengers of an ambient pressure submersible

muieleBRTF&SRRERITD thecl anaheE RRPLESESSEDBIRRIRULH thirdcherile ambient

limits the usafoastQiambisnivrgssiie subsrsiblem it saMside of the diving
depths that SCUBA divers can reach. This a maximum of about 200 feet,

witbeBdueanherniseirigns ibrdinmitiednsoh pagserihets thadkywbe!l continues to
expRELAiNErsnd PrBlQW:lWelonged WRliRR dikesAnshiprickassestb. and @e air pocket

protect passengers from 15dangerous high pressure conditions common

to ahTpiemtsprastoreSnBPIBRIIRSSUTR & SausertBrecBNepaTANshEHRigr 9 the diving
kephak the: Qormal AL RERSSHE AN AIRRSARETG A1l e RIESsY Eﬁef@mnt Eﬁll remains

water tends to crush the passenger compartment more and more as
deptipéncidases oty cohessEryElcofpargienstmtbhe used to construct a

con ' resi . 20A hull i
PR A IR PSSR, 204 sl o

extremely strong and durable materials
capable of Tesistimyoteeishiag e desigmsttatraupin dn@plssetidy Compressed

e B T AR e air i

inherenilly pesistadtte compressiveoforceschny deviatidicfloenttreten. Air is provided

A L A S S T v

a high-eiagrelehtf gredisarzbnishdiven givdisepprecisedolerpa s dncrgade fresh for the

the g%@&%@%@%@ﬁeﬂ% (%g{f]lsr{[éugéll?gastge%crl]suua 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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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 30 dioxide scibber are commonly used for

life support. Bathyspheres were the first submersibles to carry humans to
deplfis.fYer BAOMIaELRSININSUIRSEOL INsRlEn A et iR nommal
used for scientific research. ey-are not used very much any more. 7
Divingdsellsanddediity spheresiare deotiadintitetioby theyheavwy st thatiidood. As the
connecting them tq the surface or a surface vessel, and by their complet
ST Bt B b T SR SR evpel e
witbxide @wasesewcant laast demeeded smpresdne theeshipgrechddleion. This is aslow

umbilical. The lack of. self-propulsion, power storage, and 5. bupyanc :
cORERSCaMS WA FALFAVRIG O the T 6 LS oSO8 SR8 B s gepuision
frogy beiagssubmessiklg Mabiolasichgieashihaybaraiskidbéorparalionsiar cases in
observation onlélThe bathysphere is limited to a depth of about 3,500 feet

while ARG BERIBRERNG Aa SRS RS RER p &R AFOURY HEb ekt Bsgyt 1 a fatal

-Submssgence Vehicles (DSVs) are designed to reach the deepest

portions of 10 the ocean. A relatively small number ate in existence and

have been' NSty BERSHIR aRMiltatP b BBz A POES L pBYY decompress as

usyglly fequite @ﬁlé.@@@éwgsﬁat@?%@@n nafiaNigatee RENmBavSr Wbient pressure
cateagrles: bathyscaphes and deep-dive submersibles. The

batHyBa}mRIS il ganesdenths e SR Ardtisetien wathyvERNF fefaipem of about
eveigben byl kslvlessibancil, A RatRyseaRbs Wg&@&ﬁg&ﬁ@ﬁﬁ%%t expert

reach the deepest 15 point on Earth, the Challenger Deep portion of the
Ma#fi&i§&s Trench in the South Pacific Ocean. A bathyscaphe is a spherical

pressure %'ﬁ%%@?&q%gfﬁ%ﬂt%l‘? HW&W&&%&%}H[@J& I\%%W't@:t passengers from

petroleum fuel. The fuel Is not used for power, but rather to provide '
resistageus bighpression aeibions Tieenals A providey thgusapeymersibles, the

, .Contggg.ee;? eg%gﬁ]% Ul (ﬁL §|%@§§%ttgtr %gﬁgégﬁ@ggﬁg%agﬁg rﬂﬁnosphere. The

meta pelfets are released from 20 the vess ht. The
pelstsane fiel ihplederithbppersslidhel petronmy petmantieanimyotivatd more as the

~electrical.failure wauld res *t in the vessel immediately rising towards. the i
sur ae (éﬁ gg:ﬁeases (%HOU E 1[116 Preltgst%nr%eért é:%m&%rgrlxa%nt[pl usfc’i)egcons%u(:%g'm a stlong,
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ery-gowered elec ropulsion an
stepringuiadesisatem dutethis capability is extremely limited due to the
large superstructure. . While being able to dive tq great depths, the
pathyscapheP IS TaTs TRy TS5 e B T VPO g dursble
wateattiisialsepdifficulf tedatinghiandretiverfdie hetlwseaphes@ie and protecting
currently known Eo be in o%era.tion.. Deg%di.ve zpbme_rs[ibé?s are small herical
batha PERErEH I ABRBIE it S SPHRTIEAN St S YRS A HERT Yiay)Y spherica
aregigilatdacanthyaeppbiese ltusarehspaaliesdrobeitiemihe dieldiled compressive
superstructure. The pressure hull is typically thinner than that of
batf/SEapi IBHAELY g ti’ﬁeéel%F%&W&%ﬁﬁefﬁ%ﬁ&%&%ﬁ@d thus the

allows:ascensigniadhesidacate helaghiavert withoutdiefuRle constructed with a
superstructure of the bathyscaphe. Deep-dive submersibles rise using the

budy&hErFFEaR predsive iRl Ng SHRRTSTIR JPECETEs LR e tinte and expense

buayangytarks g eikiiled equipment chambers or high-strength

glass-bead foam blocks.
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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Deep-dive submersibles have small ballast tanks that fill with air at the
surface to allow the vessel to have a small portion of its volume above the
waterline. The ballast tanks flood to cause the vessel to dive, and the
tanks remain open at the bottom, maintaining ambient pressure at depth.

These ves@fe_«’swaﬂeet_l,%pinéﬂwwgdtweqwb@gs}blﬁvsaﬂrhaﬁl@ibn@gya@ﬁgqﬁ»ﬂé connecting
e AR L DR AL AR BRSO MIBMRSRE! bott on

can drop weight and ad pressure air to the ballast tanks to achieve
neutral beloyaheyTaaisé\dacie touthe sutfade yddepsdiversubmendiblss is nceded to

drop disposable metal hallast anglldon i typically need 1[0
IS P > : d
pro%b?gilgﬁ ?@%1%@%/9%&%@%0 € lé]ctirfgami' gii%e?/saac(ir(eoug%%e %rg ?lni%t‘é’& power storage, an

underwaierprepusiabapddteelio gilbespedifelsubngersibles (keert mdre of these

R e L T iy o
deepndiversuamessitiess lfifeieanfigudagioniaisesipesDor deawmigighiviegbldls become
to be lifted during a dive, this can be difficult to achieve. Deep-dive

subfliareosdiaRe A iRERthe BUERSEt for ascending, since there s little
variability indhedBuayaacEanthiiRina wopaveightcd b rbhehalie Bkapsat portions of
ballast tanks contain only a small fraction of the displacement of the

pasHis RIS R ofnFRAHHER SR [SHARARRS s FrRAT S eIstaB R Bt yaF L {pr scientific

Extremesafely RiaGRMigNSARsPIesise enpiNeeHnd are RApAsRatEMEthiAd cannot
deep-dive submersible. Since the pressure hull's displacement is needed

to riBevigaRelSMnbaY aHYTIEYaRI oF Brshpredre adIdRRP i spRers bles.

vessel to sifk i thabplien AREIVESIS e 2RRRHINe BINEARSESSAVAS Rl ave ever
avoid thiS risk ihcreases the cost of production. DSVs have little or no

navksstidt dbilisebr lean geasibehelp rsenbatery hewered Hifdsiergaghdhe decpest
have ihe JRaigHty Rt BRINKALIME LPIBHIAer MDSRSHHRACEAnEhSHERS uth Pacific

vessel is needed to deliver them to and retrieve them from a dive site.
Hugecsraned dretifssnpheedred tombweaD Sissik tHelwatepended from a buoyant

25Agditianally, DaYsihaug ¥ems AMAlkRasEO9EL GORPPTIRE IS pdRer, but rather to

spherical pressure hulls are usually designed with the minimum radius
necessdr tositaarn ogaprassienabiep Vitdhinseal Henm o s ® yRigneontrol. To

has (?ers].(e:e!?cﬁ \f[ulgp?st ;lgqé%gg E&*}%Hu%qﬁo‘y&‘éé' ’R)Sa¥§er{?i"ni1teil%1t891]%%§aﬁg $¥&ised from

to be practical for non-military purposes. Overall, DS\/s_ are useful for a
venyisnvalisrdhgedidcasks ghut Bhe selassciy ivlidad bpaheiriapkess vangestromagnets,

30scakesplng, POy, A PRI AN SRSFY, tne ACOUIERSIRING, SO s the

typer%efagu ersible Is the tourist submersible. Tourist s es ar
somauditheBiatgespprivate debmetsibiess pftendzgeomisoetatingsi@ang under water,

T S S e

large, elongétidd,aid: nisideoiistea witht depths, the bathyscaphe (s very limited by its
size and low maneuverability under water. It is also.difficult 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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some oversized hemispherical acrylic viewing windows. Tourist
submersibles are powered by large battery arrays located in the keel and
are propelled by electric thrusters. Tourist gubmersibles are not useful for
purposes other than sightseeing. They lack' 5 speed, autonomy, and

navigatiop, capability. They.only have a I tign fi ir volume
bove DS e O ALy P aRE A Bk gy fceto
anglaiv sheressswhichhieduisgmalspippor yesseldugeck ioddohargalihoLllist ballast

submersibles must be large in size tg b t effectiye, but their si
colfSbS R {5 RSREARER (e 1GRLS ERBMEPBAS e Dottom,

pressureinl HAbRutishadbroersibies TIrdbe didonaneypidne pagsengerbuoyant
compartment to rise to the surface, similar to DSVs. Thus, any failure of a

pradsiEiNiIBpERERANBIPESAG B4 the BBt SisidR S fice g cached. Then,
boa&eme;@aiﬁd@ﬁ%g ipcraased %agin%@fipﬂ:mgsair to SRR AL IghKs to achieve

submersibles have been manufactured with small diesel engines giving

thashir Bueoabey 1o gectbaskdodhsitarefaerpderruilite stirsipplsi Yepstipposable
15 Hiowevgladhese HGStﬁﬂ'%F«EWLIEFK&H%I&%@%%YJERHP'B%UW&MQE? electric

very limited in their range. They are also unsafe to operate in even

mm@m@y%@@f@@a@mgdwmm@ﬁlﬁﬂ@imr@f Bsertiggsygpmersibles
SUbMGISIRIGSWIIR LESRE R @%&@ﬂ@@qu@%@tmﬁﬁﬁ%mgient

pressure personal submersibles resist pressure at depth using ambient
20 pressuFeecoipessatidrops e giviieg dalindvebe Bhidaimian the i reblan for deep-

depths that a SCUBA-diver.can ch. T | nhi Uihed duri
e B R L PP R P50 durnga
subivertideis hn diftierviierhiessdDvpedevihenpassshtpsinase byposaght budget
to the water.while the vessel.propels.them.through th ry Tk .

ety PE G LAl Eoree T R R B g weiaht
eleEdcaimdtions fdsglap whsioncarha passengersbriastippliediairdiiplacement of the

air-fillednhgll_met ora bre?thgm%apgagatus such as ﬁﬂ(&é{%ﬁa gear. . Wet
huR GBS SIDIER ATE Db ditu ?/V\}eer:y fimitedin thélP Use” the ﬁ[ags%ngers
are exposegitenibesaiestampeniaturd, pravibe caigibecpirablematiestargoldth a deep-

B T T T —
feefrsVBsoMIRLMABPE YSxBkE Hivarscubing-sabled gastiahbieaihind & precise
depth limit of 33 feet is mqre practical for sport divers .

engineering necessary to help avoid this risk ihcreases the cost of production.

DSVs have little or no navigating ability or range, since they use battery-powered
thrusters and have the majority of their volume under water when surfaced. A surface
vessel 1s needed to deliver them to and retrieve them from a dive site. Huge cranes are
often needed to lower DSVs into the water.

Additionally, DSVs have very small passenger compartments. The spherical
pressure hulls are usually designed with the minimum radius necessary to accommodate a
crew and vital instruments. The U.S. Navy has one DSV that is larger than most 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,
scakeeping 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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10 The military uses a wet hull submersible called a Seal Delivery

Vehicle (SDV). The passenger compartment is completely enclosed, but

still flooded. Thus, the SDV suffers from the same shortcomings as other

wet hull submersibles An ambient pressure dry hull is a submersible with

the hotl sealethsethahthadsinteron is dsaydawgedsnseeiiaaeianiing steel with
the ambient pressure of the water outside, Air is added to the passenger

comfPAHr YR HHISLG VSRS GRkiIFHY It oY Preddlife BhudR iR sxfipgsiles are
pressiered thanatekibreheskMaleds Mssdiecrelrpae fhshaifc@bingectric thrusters,

submersible rises to the surface and the water pressure decreases. The

hull can belCORSHICRETRPAHAFB ASOHEHI S AYEParrt aihy  thatetial iesing. They lack
reasanab iy alstight, 1AcAMPIe RIessHrs Y Thils ais depthdlisaitad Bttion of their

many factors. First of all, the"amount of air and battery power reserves _
theyehrmemtsvsibs wieilmenypsisgrfeecd e Epenvisr depapdrrirmpatioygipwer and air
the%&)ﬁ%ﬁ!%ﬁ%’]_@ﬁﬁﬂ% Q_HL‘IB(?BHPQQQ’S%%BUQ of ﬁ@gﬂlgg%tﬁﬁtt %ﬁﬂn‘?&sibles must be
achieved with highly trained divers, but a more practical depth limit is 33
feetlbalom tiee subaceoffthetivatbrt hsnmbieatpedsaréeofurdepidtlimited due to the
Sub?g?ggi- 0I(_ec.'té g}[i%_%no%rﬂlllé/&%gw%mwered. They have little surface

range, sea%aring capability, or autonomy. They rely on surface vessels to

reach a divEositstanhersddhange timinbpaterios thageasesaopiyrpafenent to rise to the
ambient pressure al submersibles have been built,with_di
B e R L S P AT coutd canso e
ambiennpreisbtite ddsigribe OTheAlvaricats SeakRetivdken Systemg costs.

(ASDS) is g submersiple that uses a pressure hull for Navy Seal . :
operations TSR AT T S oEr i bTa A G TRt T b diosel engines
ASDSviag highlyhspesialepuypesewvesselddessinedhdobatealthhatility. upport vessel.
uses. only battery power for.propulsion, which severely limits its range and. . ..
e NG HETES FRE RSP R T 4Pt e BBy A o g g Timited i
the swfaegganthinsieadseamsatly dacks 2bcwindrodateslwitugihess and still suffer
submarine. The cost of these submer ibles.'@ extrem}%?/ higp, ﬁwe%}lnin}g 4 size. and
they AU WP HEHERIRARI LW SEVER) BRiBH G SRR QRGP ™. sPeed, size, an
submessible 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 PEHRGTHRIGSHERP FEIeR4l sHerATRIea F bRt Ha AL AR dr i ambient

30 swefack with stianensaakesping albiibys ame IanaehbigtisspeaehtBsithat a SCUBA
autonomy. Such a vessel would be useful for both the private sectgor and

the MHHEArGAT HRAW -l eiRiP LA ARIEH RS A6 le S aTgaTERNg s @ wet hull
purpQsssuhpiarine should possess. 11 A general purpose submarine
will need to be relatively small in size but should still be able to

accommodAt® PAudengare st AR N HAHRERISESACA N ERRTRTARAIc ATe exposed
for IQNg:EANSIL GRAHEIO BE RESSENUSHIIANRRE thrightER8INGNHUSIHRN &Y have small

security uses are all good uses for a submarine, but all require small _
subrpailsst saativdel tAdaingesieral buoyancy and electric motors for propulsion. 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 is more practical for sport divers.
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regular dock and travel to its destination on its own

5 powered military behemoths. Small size is also key to reducing the cost

of producing, operating, and maintaining a submarine. Smaller pressure

hulls allow submarines to operate at greatgy depths than their larger
counterparts since the water pressure is spread over a smaller surface

area on %@%i'm%@%‘?s ee{‘%r&'lﬁ}ﬂfé’%%e%‘i%%ﬁfggé éﬁ%&i‘?)@ﬁv%@%%cle (SDV).
accommodate a crew or passenger contingent of from as few as one to as
mahy pssichd€ peaplertueingacdiveldielmestcastshthisgishbodddse Thus, the SDV
acc}:&gﬁli hed [ﬁg use ofhve}trious sizes a (\)Vré%ila&wgl%nq%[ewrgssure hull

pr% i '$ie Y and’ ?asplo SSCEREHH. TS capacity Is usefu For scientific,
military, regreatioanal prrdsstiatyand athesubseasiblc Avgenkeahplspase so that the
submarine should be a c_apabcta navigator with aé%.n operating range and .
<1815 Lo B P AR T SO L B TEHETh BT LA gL ovside.
genpralingiis ewmpuaeand athsHRRhcantsioring ARemdarialtivigteucpressure
a vessel would be more efficient and less expensive than a vessel that

re6ilifes MSBHERO SRS BHS/AsWs V- hdgrlakeY T Bighiecaleandligr as the
alsgipehigher-Riacedt seud: fide ard the stars pithouktheAssisianee iia can be

surface supé)ort vessel. The ability to navigate over a long range would

allARHIFARE TAdUstFFae BRDKLTBAIR pthsBA iR Tl Bt s srseRfkbgairtigt.
support 2R yessehierdhe frstiime afgh&ﬁﬂ&bﬁﬁ%@é@kggﬂgﬂeﬂag?&ﬂquof all, the
ood genera
pupssatfistiandd ke aBeapeicatim detentcysaisdhes favesntsoo deep.
hi%%9%%98&%{%@&1&9@%&@@%&9@%%&9&% BURWHALBHI IS 200 feet

to carry more passengers without the need for a surface support vessel.
Spead s aiie skt 3ighntissrgdegidssedutity operapioas cHUeRBY ligpbisg33 feet
IO‘%@fMi?eséﬁpﬁ%%?%e whigh decreases costs. and allows a vessel to
avoid approaching storms. A general purpose submarine should be
configuraBleppos pessing phsabilitybmrsi sneqeipmdntbadetar forred. They have
seygfaldifferent stsgﬁ’u%?qi"ﬁ?{';%”%gﬁﬁﬁgﬁé{ﬁgﬁgg}gt%%? B S@kRe vessels to

general purpose 0 Increase passenger

. 30rearhpativeesnitecanifartovherzd Sed ivetaecyeationabgrmoudstfaslephawepressure

Weaep %rl‘]% ?lgbdm%rq lI'Leasl %sg‘tggeil% 'ql%m'ilt'tad%sr&lgé&gd %1% em usi %E%Wit%ll face the
cah&iay manlqua ors, storage, an 1001S 1h & Scientific 6r industriar fole.
Theseeréegihfiguiations shallldthatsegidnesubstendiadi padesigning of the

vessel; ideally these reconfigurations shou 12 significantly increase
s vont ol SR AR D A SR A S8 Fpressure
PURRASeISNBME HaE operafogerefatpatipeisesybfoatnebehasitl heta@pabtlbong. The

ofdivmg and keeping passengers safe at depths that encompass the
e outy o AT R LGOANES CEA G AR BT TS Tar SEmely batery

_purpeseSospRthasionrishicilepthisiolidatael maschassdivians dbimreyThe ASDS

embodiments, such a vessel should be able to dive to at least 500 feet,

CoVBRIRPABBATHS P IREBSEH LR PrOSSHEBTRs AYS 'SattRespgonty docks
offgr fgalidoiae millarydsilrarcaadsdtie sepitsatulithdioks is extremely high,

penetrates the water in most locations, and even long-range military
subHdHAB T ERVE ey RS HRIBIA WERths of 1,000 feet. For industrial

10operatigns-ths maigriyh aikhripglingsApd intrastucivre diednihadiresked for a

300 feet of water. ' .
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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The amount of time a general purpose submarine should be able to

sustain a dive should allow the maintenance of depth, for at least a full

work day. This would allow industrial or sciéntific operations to accomplish

a sufficiently full day's work, and would enable a-military user to remain
submerged during latusayskighibhouisete iBmedd hiddenlatiEilpsgel diveze but should
time capabijlity increases safety as well, as it allows {or agdiLtion I ti@e to .
reséﬂg1 es‘?th A SUBIRARRES p&?ﬁ?}b%a‘ﬁse'ra}dﬁ]&]r%bnsees By hhorically bgpo impractical
haveahighseares of safaeduaimipe rfaisthaddingilidesaitbnathouesrity uses are
and capable of navigating the high seas on its own, safety becomes .
partb A ipolta s ST A S ISR DR AP B Rarkgihg © 0 the atornic

SeVEER, 2R dWEMAGY GORMHIMS 8RMIUR{REasRER KEgUIRIANERS BB Bast of producing,
.surface, as well as multiple system failure during a dive. A %ne

. ! al .
purpBSELBNIAANBAAGHINBE ABRIE 1 COMSH AL RIGSH oW {pesubmarines to
prodychion aAnd.oRerating eesissioulidalereapdibaceminatianefssure is spread
costs of a surface ship and a submersible, or of a surface ship with a
Rermveery Oplramdiiestice qRbs) M HsCrrthgearEl anges mitidpggnes should be able
ove{&%‘&%ﬁﬁr%%ﬁll@rﬁ%%%'H%&%&?@lﬁw @ PRBMALNSMER RUas many as 12
characteristics and capabilities as many of those listed above. First of all, . .
smalbside dndseelieednaiies witRshibiF speed, beeanepmBhsisadReR S Rg various sizes
abm&l fcr)]]g?el-?lnﬁor & }E&@&r? H%Eﬂ%%'ﬂd%g‘ﬁ%fkﬂﬂi@%&ﬁ@d%&gﬁ &h. This capacity is
relatively small s bma ine capable 30 of Iong-range navigating and
seakeepinfyatdivgh fspeediiaypicelestionTdrinda bt cdHilpstees.
capabilities,are extremely. large, hulloc,and Sxpensivi Thase SUDMAINGS operat
have been uégﬂ?lr%rﬁ@%o(}réthe r?nr} itary. Prﬂlgajﬁe))é indu%tryehas golved the Boperating
navigatienais$uerbygracaivopiing shbli subiinehsiblé saipsiner stifapemous, capable of
vessels, which is costly and wasteful., 1 e esite faf, 1. 4 v ,

o R S S IR g el woud
genbeahptypise e ssel lskoipenel eetrmsubssdlife noparsimpleface support vessel.
submersible, thereby making it more gdifficult to design, The, v . ) -
eithzfrl‘qﬁeS ac‘lgﬁlaibaicét%f ]I%rllcg’jl-1 g%gegsn‘g\%gft%%ol}?\%g%\;ﬁae?esrl%crer?tuéﬁﬁgl’c{ggg‘bltethe storm
of handling as adsise:swefate arsfide Sipplditioasselit3 lxbiltilitp operatgate over a long:
under Water.Lﬁ -rarllé)e undquw’ter avi f\ti n has onl% een . of £ ot
sucCEastuly BIRECAOEGH the tek %19 Ruclear power of enormous - PP
batter¢deanksichargetenTthesabface bydikistpioyionThege methddsd travel to its
are practical in large, transoceanic military submarines, but are not

posSHTEMARR AAHE AIbmarine.

A good general purpose submarine should be able to attain decent speed, as

traveling at high speeds is useful in many circumstances. Speed allows a tourist sub to
carry more passengers without the need for a surface support vessel. Speed is also useful
in military and security operations. Further, speed lowers mission duration, which
decreases 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 a key
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 reconﬁgurationé should not require

substantial redesigning of the vessel, ideally these reconfigurations should not
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Existing designs of small submersibles are incapable of acting as a true
surface 10 craft. Small submersible designs rely on batteries and
electrical motors for propulsion.. Batteries are very limited in the amount
of energy they store, so to operate as a truée surface craft, a vessel should

carry a large, heavy fuel load. Large, powerful engines should also be

R T e o ) P i L e AR TR e eonera
largesppewearwengines and large fuel reserves allow high speed, long

range, and large 15 payload capacity in surface boats, However, it is not a

simple task S SR RITPRS Y BTl i PRl e diBiBg g fReping passengers
Attemnisdak have-pesm madedonaddidieselenaine stestour idtindustry and tourism.

submersibles or smaller industrial submersibles have been ineffective

SinBdHFEiPTEMEEIHERES &8 il as By HEH SSRIRSaH R Kebmardprayitrigat, in many
first 1aa0R4A% o falluesof e alleneRisdQAdddaros fngingmand, lering about

stores 20 to existing designs is due to the increase in weight caused by

thé¥¥/aatitienscBhvatgudhrssilsed sypical itiavele maliratsalih e gfe military as it
b_UQ)Y@E%@é’tﬁgge eﬁ%ﬂ@ﬁ?ﬁ%tﬁ @E%]ﬁ%%?%yﬂm?fbéﬂ%ﬂg and even long-
significant weight. Adding a large engine and fuel would lead to the vessel
notdsgingralbieryossbmtaciecSuatela wossat boldw clspibasly Al reet. For industrial
practical. utility. Th dditional di . dded.t el
R G T T A S SR
increasedlineasizerofaften pressarel puliste provigenthshadlde: able to sustain adive
cisplacemsint, This protects e, eagines, ram ressi andwater AL ISR atow
as‘well ag adding the necessary displacéemen o &ilow the vesdel 1o

sutfaetiTa @acotmitfodster the tatgaaogipBstequiffisiarsigfificdnt’ nerela sad would

to the,pressure hull, though. 30 Sych an increase drastjcally, increases the. .
T ena eaml{ﬁa%as]@;( ?oggma 11 SLliklmerlg(:Vc\{/}%u g 4 atlég?hpéhg% to remain hidden.

vessel's weig ixed displacemen ch mcrea mersion

weighiger the nehresuhbfigydhasarsangemant s eithrrad dlecfeaséditonal time to
minimal gain.in the power-to-weight ratio of the vessel. The massive

incrEgdES HIGERIHYERES Sy to add power to a small submersible using

this methethsetmel4l upithrpamaaxibahsheipawes is geli-deleatingcty. Due to the
because of the weight. Therefore, small submersible designers have only '

* bedtFHBRE o YHLRRAGRAMENT A 2 F R Raree 7B dheliah sAd amiLs grvn- safety

POWRILRISY islet eMevehnigibRa\daaHoNyR8KeeRING bRegdh RIS MARAENg severe
The second reason for the failure of the attempts to add Ia:ige engines and

fuel 5B e aS Y SUBHIETSTBIS HsTgH s b dhs s UtiRe AbIMEHAsemultile

andydraft. dinedyRigakhullishape of a submersible is cylindrical, optimized
for underwater operation and handling at fairly low speeds. When.

operating dR iR A riEpes i Ia Iha3BeIAdTRRIE (o RieBEIHechat low cost. The
waterling i thesfi (eesais PaBIeNEIYIRRR LY  LIGYHING SIBRISCENL HEBGS of a surface

They also have poor seakeeping ability because of the lack of a sharp
bowieeebasHprecrsible, or of a surface ship with a Remotely Operated Vehicle (ROV).
Many challenges must be overcome to design and build a general purpose
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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10 pierce waves and handle rough seas. Therefore, increasing the power

only minimally increases the speed, since the deep draft and improperly

shaped hull result in significant drag and extBemely poor handling in rough

seas. Another challenge that must be overcome to design and build a
gengsalRerpesaisy iarinrdsHeconsilingismalidsizekeapmganfigiirgtaitityindicate that
Existing small submersibles 15 have proven to bglvgrgldifficult to mlake

comglirABIE A RIFPRSS SRR ift Ay IS BT SURtharpRic submersible.

designsRPRLAAEH HuayansyrMAshsitarperiblesiel dasigheemithcapable of long-
minimal buoyancy when surfaced, leading to very little ability to carry extra

welgheand sertnainnsFr T casamilifrcnical 1K pusdsadaye surface craft in
compatiNeR fRushARR BeYRD LG E-ENHASEHRdARM SOrMUPIARG:SINGEhas only
almost all the submersible's buoyancy comes 20 from it. Any water
intrbstorsimeeshb Bneserplideh funvabrheoiiy Causiem e Sihe FIBIERys battery
sink and kil tl%%cp an @%%E?ad%do‘ijrlﬂe%##%%ﬂt 19 dbe et uRicRll¥ractical in large,
requires rede igning the entire vessel. Therefore, submersibles are
degignedcwdthcanmiaeimeihiiosidcararry redarfigination seglipes Amarine.
extensive redesign, It is t ly, fime-gansuming, .aa6iinmpragticaldq ¢ f
reconfigur(reEe t 185%555 %?%t@?r%t%\%@s%égo[ﬁ&ce it ha? been built. 35 Théu = ‘ace‘
nextrehialfengjé sobovesdomdeede signing etk bes| divige Qe raioiei Bgepropulsion.
su rine is reconciling design. simplici | ith. dive ih

anﬁ%gtreé %’né@u‘fgﬂelrlg%ﬁ%gs l{ﬁf{;\}ﬁ%%%ntl?pé;%ﬁr&%ﬂag fﬁé%ﬁl%éfgg%%vaa%g e .tme
usessrite-amifieatypsesksireuslibarer sidlege These doshdtadduirge, powerful engines
heayy-duty pressure hulls apd the engineering challen £
aloft 0\}&?}[&1 adf‘SGSbseu%eﬁ% fsfb %lfvéeﬁé??%qrﬁgign -x?)?re%gﬁ i %ﬁ%%&rﬁé%b ggf?gégg e useo
only=saée piwaminsafiatouiddarfech dndsontyup tovdb el s 260 feeteformge, and large

experienced divers using mixed breathing air.. On the other hand, a esto
SR RS EATG A VBSLets hissi Gree Gl o oy enines o

duratior divies sibfistist sukneisible-desighstihaoeieatingdpressiit el fvutisengines to

15 are subject to catastrophic threats if swamping and leakage.ocgur, .and. :
e PO LGh SORE i SHUTHEEPHG PR s DL Rpince thei
desigpss:i:is1not PRsstbleHipRehisvedaapandbiaagitiseation dives while T
also keeping the cost low and the design relativel sim@lf. SThe next d fuel stores
challenge iNEdSiEiRGAHABRRHHY S &Wgﬂfﬁﬂpﬁ%@ea BReFHESS an
reCQ@(é&imﬁg%igﬂgﬂmli@d{y@nqiéq%e@ﬁewﬁhﬁag@tyeéam afthedeydditions. Small
problems in designing a simple, low cost submarine has historical!%/ be

the Hig<eXblsnRIFAl BB R LAGIABER ) QTR 8T Ffear e mod catons e
su bm%&%,@fﬂr Whileambianpiessure submersiblosiang eigivelyd G oastld lead to

and of simple design, they are inherently dangerous and must be 10 sctical
opethreerBie o deitmpliuaIsWHEeuRISFs take thE BEediusly have no practica
decompiespian. Fiagsyie hylAesigns Al inbereritsaferdsan w provide additional
ambient-pressure designs since they do not expose the passengers to
incrensEgnigypressure at depth. Though safer, the pressure hull design
requires a lot of;high, cosheNgINesHng Je-remainsalg bepruUseREBressure hulls to
pressure di flerential that exists at depth. Additionallyrdue to the small
amaquny ofeblioyaivey Wisideskmsils s TSRS e samep feggupeHime and water at
failuie 0, e pressuia il Wil el (e sUbMRINBIe.ARKI0G 11081 to surfuce. To
bottom in a typlcagt d%ag . Thus, complex engineering and maintenance
precaxtionsevastthe lasedigiensesafetygTifisardnersesttHboysssordall, though.
agaif, ysing current desi it does not seem possible to designa,; t fwhich
sim 8%0%1 inet %Sﬁbdr%ag?%%gﬁ HeTe SFgSh&cfe\éer%e%loé)\z%‘f%l@ 5 1@p acemen (-w ic
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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20Another challenge to overcome for a general purpose submarine to be
designed and built is reconciling navigation, high speed, seakeeping, and
long range with configurability. A submaring,that is able to be configured
for multiple roles must be small in size. However, small size is
incomRatibIe ith]tra itional notion]'sf 8f ati necessary to aci]% \
up the paradox thatf the Rawer 5 sejl-des egll}% ec seP] e\\aeig\c?. . Jereﬁ)re, small
Iondclran e navigation and seakeeping abilites at nigh spéed. Additionally,

a 2nbandigiialdls igubrmannedsnliside eafabladbdatitipen vadabigl fuel tanks. The
payload. Speed, range, and navigation and seakeeping abilities .
regm.%ﬂ%ﬁbOé“&ﬁaﬁP@g"shafPa’ B SrET TR bR FAL SR e, and range.
capable of gakesingithisseieightiddeitiaaalhtheantigipiabiliddincipasesthe and fuel
payload requirements since the vessel must be able to carry a wide

varEF bt edHPRSHEN ST e dSHgRM B RRAU SR RS BEP SRAPSdith@ratt: The typical

cahin 3QHENishiNgSyAlest RPACR AGRABRARINENISd ForAHRBrwater operation and
instrumentation. The limited amount of displacement, and thus buoyancy,

in Bandtraesighdpraveptsthiddaronrsnnersih o e possiBidhsimedanty of their
submersileilknolhe.anle Inauace if ﬁ%ﬂéﬁé%?y%gﬁr%q qgcuf'@bg Rificant drag.

SUMMARY OF THE INVENTION  The subject invention provides a
suBriiriecckiyaiecs Phighcspee abibrygeasitse slivfadechavigatiorpdnay necessary to

Se%'i@'@@ g RKIN 1P I%iﬁ&'fé%%é’ﬁ el %%peﬁﬁe? %%%gﬁg 2&%-[ %fecﬁﬁfygnmhn ally

invention takes a very unique approach to overcome t enges of
providiriges Bgenesdl puepdee dsbramfinendiiepetoerthelfstdhbiasineinblgnificant
to Q@ag&sé &qpe%&%d.oor ngl%ubrﬁla {%% gff: E;[She present invention

compfises primary 53emblies imeluding a strface hull, a passenger
compartménsftenehinl batastat onusbbtoertcersuidalcel emginkebuild a general purpose
compartiment ar%cvé’ﬁé%ﬂ?ﬁa@%@ﬁ %%L?Q?ﬁf‘één { ﬁg’#h %fé‘”.da%{?gﬂa%o”s%‘é y TS ersibles
use of interchangeable ptimary assemblies a comB’onen connection
gritiswhatalew éasenfdifficoinpanekdt suvdigpinbl¢eAutisiinraason for this difficulty is

purpose-configurable yessel. Among the primary assemblies.that may be '
RN e oL 5 SRR BEALr Rt R LSTEACE T cred v
upperboshbworke;yadisriacefangine Kinaparienetitila Aatsaddamesiark weight and
side.ﬁ?ks, and main interpal ballait. submarine typically includes

0
ey I A TATARR G ST R 35S SEABBAF VBTG 450 be very

sysigietullhergiigeleballasé sysipmicappabesmaihdtiesiabiaiestbuoyancy comes
compartments, main external ballast compartments, a trim ballast S){stem,

and" 8B AOHPAISHIE BRI BARS P AREDREAVBRGFHE BH. fil Lemollgsb mersible
baligstigughallyi abaut fadcenthesvoliarm ofdixachdisplacemeentin theically requires

passenger compartment and about equal to the volume of surface

disfRdEERmN GF FiEntreseShsrctisuebmesilts aisdiyiepsd srithotmstdmum load,
bal}agtaQlwRe MAY 218 MekR Pt eas thaRiReeeiMal® oo costly, time-consuming,

and mmpractical to reconfigure the vessel for alternative uses once it has been built.
The next challenge to overcome in designing and building a general purpose
~ submarine is reconciling design simplicity and low cost with dive depth and 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 huils. 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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In certain embodiments, the main internal ballast compartments remain
completely flooded and open to the environment while the vessel is

submerged under water. No ambient-pressure air compensation is

necessary since they remain open to the water, functioning like a wet hull.
Thamnaibjextesrathakash conyaar tientsgnly filbitedhec2Dextennd thus they require
necessary for the submarine to attain neutral buoyancy. dThex arf .sealted bl 1
by §3VEs PG GO RE TR fiTtHral By RO mHSHSHR By g 1ot posstole o
extesigEenHEgNmanatiierheginning ehadives Asbiaptitptessuievaiind the design
compensation is provided at depth for the main external ballast
cod?ﬁ%ﬁﬂﬂé‘ﬁt’ér.lli’ﬂ\ecertain embodiments, each main internal ballast

compartmegt isconRAggteddeAdnainiextianahiatiast compattpenbyissabmarine is

pea trap 30connection.  In embodiments containing a trim ballast .
sySRIPIHEFifls PN SR SEMN B SOs e sthisafghsrfiiifep HHifakey problems in
COIRRMEMUS AN S IHRED L0 AdiHSE the M pdthaiNesss] dldhsbiehaiashat goes
compartments are often located at the front portion of the side 17 tanks, _
andiisesgisRnEAKS Senle dyrsal whmesmparities o mpasiaubmersibles
tr'%&%%%@ MRY L @ggﬁﬁb?esd\é@%\fvﬁ%'}eag@%'&gcmly cﬂﬁ%erous and must be
semi-controlled ballast zones are free-flooding zones that are purged by
gravitsrasdivy subrmdsirbWdidesdantdsreaubbantiatipeidskgasnrrssion. Pressure
WalRl 0, SUHAGR & SRPLBHRM RGNS SUIRAING PIRC e 1 BB cxpose
internal and external balla t compartments typically lift the vessel unitil the
freehfiqudingmesipdontrelictie patinst 20desthrd hosehbsoles. the waseninaull design
Then, these zon avity drain through. I I -
or 2 e T A S IO A e e T terenil
balkhst isciatsUitt alky thu Syt eulaily, the: ve Ssedisasiimoerged butyproyigesally present .
addgtll(alél?.l()q# Hlac%'rgg%tevgmlleg G h‘lls S}Jergal(l:]% ‘i@ll%(?l’llthf%ult 11 the submersible
seri-contaned Hafas provides free oard &sp acement in the portion that
residgeisiysbahes thenvaterlipe avbiie gurfhcedc dihisd dreeluparding and maintenance |
displacement helgs inhibit trt1e vessel frf'o rﬁtl:lgin side tot éde V)[/hg%ce apain. usine
surPAEEHIPRE USROS S v e o iRy TheRies ° Agaim. using
passengeids gaomprtnentsednofovdilblasualbyibe agmgssyureshedkt Aubmarine with-a
pressure hull passenger compartment is constructed of very strong
mat8 gegéeﬁa‘aséaj’fggésisting pressure at depth and will usually be
cylindrically stsphatichi shapedcdine fpassengesl ganppactmentadeallybe designed
sits high in the vessel, separated from the water during surface %Pefration

r

by A¥LASLE FURCHIPRT RGBT 18s SRS STRE B R gy 1on8 range with

Conapafinatiifeompipiely O hhftRd syt obthe wiieeefisalalgpidiomnstinast be small
water by the surface hull, such that no part of jt makes direct cont?cthwith
W

the W& HPWSHABIHGIHHE BIRoTRe RIS HAtHEasgHgrt of what s necessaty

CoOmpaEHReat -ANehreahohwhpengisations:williaenermll gdbaditionally, a
the lower third of the compartment. The submarine comprises a surface

hullcopfiet dals BERY Rt hafaeis akarsyndigpigehiepthenfor a
planing h@ﬁ@&ﬂ?ﬁ‘ﬁigéga%ﬂ theipasiarmancachaiastesisics dephedRythines and

end user. The surface hull contains the main internal ballast

comparifiehsioartl sy sEbmEiRSBVEF Restrabie RigeReing. tiievgisdbridditionally,
surface; AL DRIRS RIS Fﬁ@;ﬁé?ﬁﬁa%‘ WD siaeicaniamevaishust be able to carry a

displacement and lift on the surface. This lowers the drag and allows the _
vessafitovraivey arthizgrepetrissonutie sumatpilawer warks, SCRAEBsaanor, cabin

usu u!l 1'5@1%'&%?36%Q é’fzpafgg %Pc%%‘ﬁ{%aat@{%ﬁ%ﬁ% ﬂﬁﬂqﬁlggﬁﬁ)ﬁ ?ﬂéh‘ﬁlited 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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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 18 works. A semi-controllable

ballast zone resides I%@Fﬁww%ﬁﬂ Aﬁ%@pﬁrwﬁo%pd add_ltlonal
components may also be houséd there. he vessel often comprises a

fuel and sliacebgnrginesysie prokideiuebandasufaspabhgiridigytstered, long-range
prefer}ab!%/ includes at | astlone.vari%bletdispla ement fl.[le| cell, at least boat. Th
on&EHHET G 24V 8L DA ST AN Fibiite? AVTESE SRSy P SR AR ogt Doat. The
leasit-gae: Qutedtive riad At deashiee spifaschenginaeoathaihadshges offfieviding a
vessel vacuums fuel from the variable dig'plac ment fu%:!ﬁcell such that

theSFRIEBNBIRORS SWRIRITE WL dd *FRdTe S gt Db eGdPRr dlgitar g ed:

vessel, anghihe srHiase sdRsserviteNRvesigthes yepsely dferblies including a
drives connect to the surface engines 10and provide propulsion. The

surfdEaEniNe TBRISAERSATTE Fithshh praasupallisiiGnpartment, a surface engine
ambigiiprassuresalormpensaled at APt ROUSe sINADAGRIRRIAREMS use of

including the surface engines. If it is ambient-pressure air compensated, it
cal b SinesA Rl REFATARITEE DiTRS PECNBPFRIE IR RRES R et i Difat gifow ease of

gri@cﬁhﬁm&\fiqﬁ%@{n@ F!Jﬁﬁ@%%%%@%gelc%ﬁﬁéﬁ%& Qfdhie1vessBlny the primary

There are usually four or five air grids in the air system, including the

higﬁﬁﬁﬁi@b&@ﬁeﬂgﬁ w dgdngliei et thergsaelarain grenger compartment, a surface
amﬂ?ﬂtéﬂrﬁgﬁég %&f}/ GOIAREDSAHIRgrd o the QG AHH. AR CEYAR ork, side

embodimen L low-pressure primary air grid. Each system serves
difftvaest. pudposesnisunthbylkistre many common connections and

resourcesygQ {lﬂ%@gr%'s r?ﬁ%ﬁ? FHER MRRRYRVRISEH AN VERS dfsiacement via

used to purge
a staged ballasting system. The unique ballast system comprises main internal ballast

compartments, main external ballast compartments, a trim ballast system, and semi-
controllable ballast zones. The total volume of fully-controllable ballast is usually about
twice the volume of fixed displacement in the passenger compartment and about equal to
the volume of surface displacement of the entire vessel, though the actval fully-
controllable ballast volume may be more or less than these estimates.

In certain embodiments, the main internal ballast compartments remain
completely flooded and open to the environment while the vessel is submerged under
water. No ambient-pressure air compensation is necessary since they remain open to the
water, functioning like a wet hull. The main external ballast compartments only fill to the
extent necessary for the submarine to attain neutral buoyancy. They are sealed by valves
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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compartments, provide ambient-pressure air compensation to

components and assemblies, provide life support to the passenger
compartment, and vent the battery tubes, it present. The air system can

also be used to provide umbilical support to divers and to convert a

pressiee hull phassebiey carmpanmens teantamsiempprassuie  Other optional trim

compartment, if 25desire The air system also often comprises
car %ﬁp&lllggia%tssg}%% atﬁj d s el et desirad

Brs. ogetﬁ%r with the oxygen stores, they provide a
robust life Bupparti sysianiltd helpanablesthe stdenfhratento roaiatdint largurged by

duration dives. The air system is capable of recharging itself contributi -
o AR O OLS 0 AN RO VBeSu PR A eSSl SV

grid psassyrpeeial and compigsspe fendibemiheriaiegrts:(@xerpting ballast
the emergency grid) use down-regulators, to draw aélvr from this grid. 1

TheegaEmplmivPecpidb sy e iietl Brstersroars foegeptroliable ballast

ProyifR POWREIQRIGSTHEN KOMRONERES This systermoaptsasal@asize onc-way
one alternator, at least one battery, and at least one electrical grid, The

alteYphiesr Mrilvaaswer fRorAmRenatiFAcE BN GIRESGhilL i felEpigs that the semi-
SUVE%%%%15ear\9aﬁQ@cfgﬁéﬁﬁ‘a%ﬂ%ﬁi&%n\e/%h@t@{@ {hespoyesuiirged but provides

electrical grid includes wiring, relays, and switches, and connects man

differshicerhpienanementneipios storekiirriR@saére. PhacBiscRdled ballas
thr%%o@i&%@%e%@ﬁwﬁ SYSIRIAR  INGUGIRNGDE RIS IREHICOL BYSIRMiTine while

the 'secondary electrical system, and the supplemental electrical system.
Thepiirnedy HystBarlenibdiplepringat rripsaabibdalespsashiTgRdaHang side to side
.s,up\gigigg[%}?ajc%&stem 10draws power from the secondary system via an

inverter. The vessel of the present invention typically has a hydraulic

system asEmeahmefinansfethingnperetr thrsuiRoutYREVEssBICIfGS a passenger

SYSISI PR rame. h%ﬂpﬁéﬂﬁ%gi‘é% pia%%?sﬁ?@ SOHY 1© R RARSHAChassenger

compartment, the surface engine compartment lid, and the steering and

trimcofrietountivesisHydaltitecadditonaliyt cittisatepsbivéssispnaasare at depth
and will usually be cylindrically or spherically shaped. The passenger compartment
ideally sits high in the vessel, separated from the water during surface operation by a
surface hull. When the submarine is surfaced, the passenger compartment is compietely
lifted out of the water or isolated from the water by the surface hull, such that no part of it
makes direct contact with the water. The controls for the pilot are located in the passenger
compartment, and any through-hull penetrations will generally only be in the lower third
of the compartment.

The submarine comprises a surface hull, which can be any type of hull, such as a
displacement hull or a planing huil, depending on the performance characteristics desired
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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15vessel and transfer power to thrusters. The hydraulic system can be
divided into the propulsion hydraulic system, the auxiliary hydraulic

system, and the control hydraulic system. The propulsion system uses

two electric motors powered by the primarylélectrical system. The

auxiliary system is powered by hydraulic pumps driven by the surface
en@?ﬁé&?-%éesanwhﬁ}&‘éﬁw%@gt&w}%%ﬂ i@ JraBietni frtbeampethedy works,

SecRRAary; ﬁlﬁ%ﬁr&%ﬁ&%ﬁ@ 1%5‘9 dﬂ%k@élﬂﬁ%ééiftﬁ&é’.d raulic accu mulator.
The submarine also often comprises submersion pods, which are

pressure-HUIPBasEdGicarbentspresBinatbmpens atstn e aYisartniacl and surface
OUtSy ﬁ%&k&?«:ﬂﬂﬁ%?&ﬁ%?ﬂéﬁ&%@m%Q&stTA%%%%ﬁé{Q%Eﬁlg&ﬁ%ﬂ?fﬁag: D8 at least one

used to house many différent components, 25including batteriesanda
wicksedrgayd oftdprionat egismengine, affisasesserassastonol Isaseppeasilgrive, and

ﬁ)ﬂggﬁ:ﬁogog S%ﬁg‘,_réi%H %@H&H%%%rﬁ%ﬁh of the primary assemblies is

e with attachment points to ' mount to other assemblies or to a central
frameworklassessblyaamechwitheg fishicohnectiehk: dispisc¢inese fasbertibiesh that they

can he eanily swapped out priemeved | rsﬂ“i%%éiﬁ%‘fr OIS BERCOLsel, and the
invéntion will bé described i more Getail below Wi retihereﬁgce o the ’
acconfpanyieinds avings pB R fe Die SEGRIP THO MNiQlh vicklEoiiRA W NS {262 engines
Figurg lis adfront view of an embodiment of the subject invention. Figure

2 i3RI EXtNGP Vi of an embodiment of the subject invention. Figure

3 is a sideMiewetiicawigyind@ohef atembeditheni pfdharsihji ot ifivenbipnt-pressure
Figure 4 is a front cuéseaV\{a \(iew of an embodiment of the subject : :
invBHTSBIERIFE & T%Ho% SR e PP ERTBSaicaHas the Wit gneines. Ifit

iNnvengiemient-pressure air compensated, it can be built of lighter materials.

The vessel typically has at least one air grid that provides air to different parts and
systems of the vessel. There are usually four or five air grids in the air system, including
the high-pressure air storage grid, the emergency air grid, the ambient-pressure air
compensation grid, the oxygen grid, and, in certain embodinients, a low-pressure primary
air grid. Each system serves different purposes, but they share many common connections
and resotirces.

The air system serves many purposes on the vessel. It is used to purge the ballast
compartments, provide ambient-pressure air compensation to components and
assemblies, provide life support to the passenger compartment, and vent the battery fubes,
if present. The air system can also be used to provide umbilical support to divers and to
convert a pressure hull passenger compartiment to an ambient pressure compartment, if
desired. _

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.



10

15

20

30

Figure 6 is a bottom up view of an embodiment of the subject invention.

Figure 7 is a side view of an embodiment of the subject invention. Figure

8 is the air and main water grid of an embddiment of the subject invention.
10DETAILED DESCRIPTION OF THE INVENTION The vessel of the
present inypatiaRCaghinesdighi stiriacdcspeeatsandiontchngesadvigatiote power
and seakeeping abilities with the cagabili% tQ proteit‘ assengers att least one
suBmEKFEACARPRAP AR protit SEE M G R EE B Vot aBiifty i paliGaY 2

and, a ey pesercradiosablesmrdiilatdesign, making it very adaptable for
uses in industry, tourism, government, 15 military, and recre,g%ﬁn. The

Vessel hashi ARHoEY Lipte st dire e SRR EBIgh At Y dryurfaced

safe yithauiLeqd HRgLHensveICosllY RRAIBREFNCh lecasarbalithRiudes wiring,
present invention is the first general purpose submarine. In order to

overiarnad HfitHece L AR el BRI Rk G BB AISTArbG S Wer stored in the
submaring, e PLase HEEH&%E@'PM&% desigaed bxdaking 0 R PR SRaGHY Blectrical

that Is radically 20 different than typical submersible designs. Versatile
subnyriegedicamsbilitiss werrahbisemwind ibpupirracd dalengel system. The

h ol | b - t al Sysiem
ﬁuﬁgﬁggﬁég%%em @é?ééseg}ogggg@@ﬂ% tunghhe 4ise of aitive REBSRMEntal sys

oyancy env igh power-to-weight ratio, high fue

resérwes pandiHignvibie pee calsiove syrematiEr inéderivly surface cruising.

The size ofythe vessel,pl the RIesenLINYERISIAIS FRleYRDAIALItE UREIHIRGSteans of
across 250|fr1118Sg%ﬁés&k%%%%%nﬁnﬁchlsma r tha?q the ﬁt%ie 2 '
atomiosfovegeo wititdmp sghentithovessel. Fitiseyriese npiveentionsighef eperate dive
PrOVER RISRCIIRD (0, RDBRICSERKES R A A RIAN ARJNE bH{AGSmth ld, and
is also large enoﬁg(ﬁ 0 garry gnificant supplies to allow mission
durdtionseohgenéradayshdhe delatvdlydmbit sidditiboaldemsyatravspigpiround the
with ovegthg-rpa transy grtb ?lllrr lErfggl%port, boat ramp launch, common

doc\’ﬁ:ﬁﬁe 'ﬁ'ﬂ) J%dé],'s nd'3 tt?a‘nspor% on larger vessels all possible. Higher

speed andigeciaienaicakiseas enalbledibidttemeldivelysnialisizalas iveiystem, the

The costs fqr acquisition, crews, fuel, maintenance, operation, and repair
are SRR S ST D VS T A e o] TALSg Bur st ses
the subsarnine s exsiensive-functionalifyiindeyitdcretativalysamall bizeuwdisry system is
one of the greatest challenges overcome by the present inyention. ‘ ‘

On&BY T Iy HelHAiss BBt TR Egsaf%ﬁheess%gg DR SorTghgpig vses a

ﬁatni%nes .
vention's 1ts uni

approaehite balasting: Advushbhighetsdropartianofrtentsglablevariabies use of a
displacement is 5 present than in a typical submersible. In addition to the
qualfPHIS LRI of the ballast approach is the staging and

segregatiofefstheniessehsiosmeafdullyreanimlaie ballast, anddisare pressure-hull
semi-controllable ballast. Thus, the vessel utilizes both a high propartion

of VBRI DAHBBIHS WEHSALCA STHRSABIAASOMIGTM IR i ity Of the passenger
embodimenisds $eparalefniomakitaimal.dnain exiesnahmgngfferent components,

semi-controlled divisions. Each division of ballast
including batteries and a wide array of optional equipment.
The vessel as a whole is very easily configured for a particular purpose. Each of
the primary assemblics 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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10operates differently to attain performance never before seen in such a
small vessel. Most typical submersibles and submarines deal with
ballasting in the same fashion. Each has just more than the minimum
controllable ballast needed to obtain enough buoyancy to get a small
portion of its volume apove the SLflrface @g .to trim the vessel during

submergdd BHErAdd AT e el AR FIRREMRIT bPadBn YO REgRY I HRYe to

15 the ampgatobvariaile disgireeneent PigsetodiisieadastaibRamalntion.
of buoyancy that can be controlled always being smaller than the

buoyancyRit R IAh R icthew sy VIFRIO ApproRasimarEef e adipct invention.
large miltaRNRSPELS $06e diewApeTale alMshBRRHELY HRASHWEIStvention.
In smaller submersibles, the designers provide just enough ballastto

pierce theFigwec toartqalosh sigiphésmenl poweeaind dirauliecunvention.
Passengegy rgrﬂ!- éﬂf&ﬂ?[ﬁ%ﬁ%&%ﬁ%%&&ﬂ%ﬂ? 'H;ézﬁ%%je%?ﬂq\'ﬂé'ﬁion.
attention is paid to surface performance. As a result of the
conventioRiguhériking redraritngotd aliasting]iexisting thalniacmesvanibn.
submersihles haye very deep drafts, with most of their volume. bein : :
petow thebdEIEs hia B L e B AT e AL WAl gt invention
vessel stable but has the disadvantages of providing very little ability to

cruise on the surf very littl iability 25i , stant

threat of swampina&(j%g ' §§§§§ﬁﬁéﬁ@%ﬁ@m%@ﬁly
engineerimyoaatdtymhegaciniventibhe submeringlofiHecppseitind long-range
inventjon counters conventional. thinking by taking a different approac

] . h
anBATSAY A A SRt SRS QIBRRSHERERARHEY IR BAsr g IRy bmerged
amapit gt allastingiés nenessantdo alawihe-sumaiae iadbeeapablesafigurable

operating 30 on the surface as a high-speed, long-range surface vessel.

ThERa lRsiay BB AN RIS S ARsRdE TBES IR fEs fhesovernment,
submadpe ixdbaveahish degiegsef NasiabilittinRayipat, tape.crprligyresovative

for multiple purposes, and to have underwater 77 lifting capabilities.

Safehiga IAMeFIY 1A S4SY WRAHARSFRESRN By Tetlithg#Re vigk e vessel of the
SW?%E@H%Q&&JGS}PQ g%ﬁtagﬂg@x%?lfﬂb U pengtragon leak.  The total
aple

volume of ballast that is fully control in the present invention is about

" twice the VORRYE & Rratranpritohds riirnpeisaphgerddpiplnnraieral purpose

20

25

30

and, e ARCAl Aot GARALE s vRlme AL SUERRE IS RIAGRARRL R dically

entire vessel, though the actual ballast volume may be more or less than

thediéferginie sharnéyefork, tHuneotibisl dbiéchal dstikatipicalineasiy ragbilthes were

thaéoi%‘f“é(d’\k”@x%bﬁsi?sﬁlhf‘é@é(ﬁa%ﬂﬁgl9119&&'%%@1@.9%%5% Q%%%ﬂﬁ%éﬁgqgrough the

the passenger compartment. This fedture distinguishes the presen
investtiohafitows ptheuprdrdlierpelbbased desighpsitighipdees-weveight ratio, high

”e%&S%%%J &AM ARRREAISE ROPATNEL R RYPYARGY SN to

the st The size of the vessel of the present invention is relevant to its usefulness across
industries. Although much smaller than the huge atonmc-powered military subs, the
vessel of the present invention 1s 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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If a through-hull penetration fails in the present invention, resulting in a

leak, the submarine can be prevented from sinking to the bottom. If the
passenger compartment can be brought to @mbient pressure using the

given air stores, the leak will generally be limited to filling the lower third of

the kelume afihehpassenrger compadgmentodtianyliySdegres biyokithreal! size was
buogan\%( %an th?ntbg q?tained b injﬁec iQ,ql%ir irrét%ntp&m%ip rll)allast, the

vesSBF WhFEEIMR i the st eéeo,vagé% (]eeratmg A ftFiseS due 10 the

expansion@héhsf tlappey sinnGedfictetiepurgicigodfitirepmaimbaliastiton s its unique

compensate for loss. of approximately a third.of the pas er . . :
ComBAFENCIS IRk i P EAH B S S OGS plieiecement i
oneRiksteraae itrnkyfily ehargedb20In andembedimegtatihg imeeintiorpect of the
the large controllable ballast allows for a maximum _negfgtive swin

I

DuoYHRS) BTRHEPED BT EEI00BTH SBRRHE P LSE I SBHBRLIy fstentrollable

its ahjlitktereidrain thasyniane HieanNAs!, (B.dReRINVE-84 BAIRESHXNE proportion of
allows for a negative swing in buoyancy of only about 1000-2500 Ib.

beforiphssbalinyats abling At agiddadlan fisnign Yonthe apmpeR Rodiments is separated
essentiallyguaranteadwith the-subim aine Khasing Bres s VRN @Rision of ballast

when operating at reasonably shallow depths. Additionally, safety is
alsoopptsasclfaynthe ettaap O URIGGR HArASCE SRS hifesmall vessel.

passengerl\%gt‘R%W&‘?%ﬂ?n@?sﬁﬂ@%pé‘ﬂﬁ'%Bﬁﬁf%@rﬁgﬁﬁt%lﬁﬂi%%ﬂa%ﬁ%?n the same
e

the waterline when the submarine is surfaced. Thus, when surfaced, .
throlighitwllsehdwativsisnapes ibpribe rubrsrgeen iptichd: | GalaY AeRfsatio obtain

to legks, %%%ﬂgf tBLgEt% ma@";ﬁ%ﬂﬁ%ﬂﬁ‘&ov%ﬁ&Q%%éﬂﬁé@ﬁ&‘fﬁé%wto trim the
barrier be

addition tween the passenger compartment and the water _
whervestaifdosdg Bubeno gising ¢rasipropEhafitedribispadifmend ysrbbtatiage relative to

SUp(El’?er tzelntirc])% acﬁsi%nl%gl;ec 1@?&:‘%@&%% e?ﬁlﬁ 1irse]%igﬁ fPme IR buoyancy that
predominantly above the waterline. This also does away with the need for
compieancht:aBedasthyenizinaesing! fortbacHtHroogindihpen enlzaiont thabe vessel.

wo 1b G n%%g&d ?%T(e% Ls.%%'s%a'n%b@?nr{ﬂ%}? \%(s:t:]tlz svseint&ﬁlig §egﬁg£1%%c%( exclusively
safety: Strong safety precautionsare present in a simple an .
costeffectivedasigmaiietizetpresehtdinvbatiesighdoreovedsthstiangegh ballast to pierce

proportion of controllable ballast greatly improves the surface X

e T AACA S ARSI AP e et S e R0 passggers or crow.
heayihdermponesitraushas sustanezedpindd]tfiseltanthibatteiids safabeperformance.
added to the vessel, even though.this would not be possible in typical ,
cubmersiolSS TSN GEIGF S AR 1 e B ey g omaines
the latgevdmensitlef contreliabte-paties, histeads thdowadragedeththhedow the water

allows a planing hull to be 10. incorporated, thereby enablin )
unprétedbiitg §ﬁ%€e YBEA o i%ﬁb Pink ?ﬁé/g qﬁee Hﬁ%a%le Pahigsput bas the
systeralustang pange navigation-andiseakeaingratdighispeeds tntheariability
present in a small submersible that has the payload capacity to be easil

Confil AP RS BRTBBLALC 1S BURR U AT prRulER LRt complex.

makess s e fesanpinatien qfrsealgdns.

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 isl 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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15 and partially open ballast compartments, as well as free-flood zones
during a dive, to allow a high degree of variability in payload and great
safety benefits. In many embodiments, the ballast system can be divided
into three zones that each operate differently. The main internal, main
external, and semi-controlled zones work together to submerge and

suliitng fseabattiss- Seiie riaheirmeriarsansdrdadnipisferisndysrusine the risk of

complgishefigaded and RRgH WQH%FQ%M%@EH&%Q%%RQM under water.
These compartments do not have a need for ambient-pressure air

compenshlidfris reslsrtrerbhaubibat sebihysired ehlap ecim i psemtdtisation is
Segy JHNENRRINESUBIALLO & WEL Db, FREAAN PR N BS compartment and is

compartments, on the other hand, only fill to the extent 25 nhecessary to

obtetic mEuat Wsyahty Hirhe langeodive fof tibsiel avmsatphdritsnaifowessels though

%ﬁ%@e?f?lﬁ% %%l?z{s\{%@%%% t%%#a%o%rgv %lxcqe(égnt 51'%5?9%%&%’ e?herefore, the

e standar of removable weights. The main externa

batiast cahjsdratharits Gnestbidasigpdicaei-thaty Wahlbspirgadboih dlverynaapable of
internal ballast compartments and the exterior environment at the .. . .
peR L T Tt W BRI, oo e s Tl ciogagiies he
bupneaniyirthenytwill fosovidbespikesigetehhised dEhegresompartientsarecessarily rely
compt%nsated.with air at ertr%,tqbavoid d%forinatiotn. ‘}I;his lows for
ligREWSi Bt 8RSt TR WHILH MBI Ke'sps e VR8P Tyt low and
increasessutiacegheiformanreaticilthils ilBringreampletetyifull rat depgin thieak, the

main internal ballast compartments are neutrally buoyant, In an

P SR P S R P ST PRI, i e compartment
bajasbabebiigippecinthaganpasmenisisintecdhel siascaledeat thel i@perally be
Under this scenarig, each main internal ballast compartment functions like

a pORIREL) EH&%N&“’S A Bl fHbsatRtigne £ b A BaRm&etigi tment. If any

betwaes e spiand pespalandhmai sxigrnalhatlgshersuesthab e main ballast,
internal compartments can be fully pur%ed even if all valves were to fail

oplis. vERTEN 18U huardey e SHie fsthle pragett thusttitredpdasraipn of the

_ submadne:e sukaseundenvittally R CHEHMHANESS Safebydisate for loss of

increased on the surface as well, as a result of the main ballast system's

10BEIEH e Wit dhearatengsreRBmuirest i sy canei syates tbtained per

entenuBlil A dARRRGAISAF SRS, ANBIRN RIS SHg A NS functions as an

effective double hull. Furthermore, if the vessel were to invert due to bad
weather, lt cahsobpsaiyabeidthighriesaim attidgreveniiotabafes)astidows for a

Se%kﬁﬂ%'&%ﬁﬂ@%@ﬁrﬁ%aﬁﬁ?ﬁ 199590eS4108H HERRIIGHDEsscl will

15 gravity as the vessel surfaces and sealed to the water during surface .
operatidricihesnain dhtbing avidreiedhsalbbifest nypioaibptifisithe dive submersible

SuQm@&g}&%@gaﬁﬁgeﬁﬁqﬁmﬁm-&%fgﬂé%ﬁ Ralpstaones AR NSt enting its

above the waterline. Then; these zones gravity drain through large
onebvidy tvalvdacer throtgh tullgmidacamtitssangedty Buerngeedfecthishthmbmarine of
theﬂseml-co%trolle balle}st IS neg&cqlall tbuo anl'glwh Ieﬁhe \ées&es! is

subh%gfasee ut Blr]o]\%évs}%cg)d%ltlo a rl%% acement while the vessel is

surfaced.ldajdhel sesutcontralled:bidlastipre vide &xftetdbotrdunique ballast system

dis acetentin the portion that rets%id séust albO\h/e the w terlinaigvhlle b th
surtaR e AR PSR e R B R R NS TR B Vg B gy 1sen above the
rockingsidedhSidehwhi@strfacad surfaced. Thus, when surfaced, the through-hull

penctrations 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 compartinent is able to reside completely or

predominantly above the waterline, This also does away with the need for complex and
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The functionality of the overall ballast system of the vessel allows

enhanced 25 surface performance, as well as diving and surfacing with no
complex mechanical operations necessary2Fhe result of the unique

ballast system is a large increase in payload capacity with just minimal
additienakwaightisthisr allowsfonbighpbper amdbiuglaesenddémbaled on a typical
added, increasing the configurability of the vessel. The safety level :
achVEHIEE Fﬁﬁéﬂﬁﬁéﬁfé&%%ﬁ%ﬁ?%?&& ﬁ%ﬁ%%ﬁf@ SETEhPTRE Qg qre present ina

surfaee,ip yidaly 3ReNY CHGHBISIANEE Bresendinohgieature of an
embodiment of the present invention is its ability to carry a system that

allows it tol¥eerieje!ii [aiA RIPRIBIEE Affor HUfdRIhRY S SerifoRuroves the surface
Sys%&ﬂﬂﬁ%aﬁglg i@ﬁgmg”&ﬁﬂhﬁ@ybeﬁtetﬂ@sv&s@. pgrifiedhe payileadand heavy
capacity and variability 25 provided by the unique ballasting system, the
vessehipaaisissiousdray shefsecanainsnahel sndhatishigsiss be OrHsugssel, even
The air store | i : ing air fo,beugaekas life support and

in bﬁ%‘sgt%ln%%gEké%gtﬁ%ﬁﬁy'%%%%é%[t%%ayload capacity provided by the

unique ballastesysteoatsd aflawsldecagbisyailtdusaimarasraasbir drtidgs amount of
OXyQs§ nti%ﬁll%b ecgélﬂl%ldﬁ%)%j%ﬁﬁgup(ﬁ75\§ft%ﬁ§ D Jargrauapiies. B—llaﬁng hull to be

[ [

leads to improved life support capabilities and also provides redundancy

to inareaseihel rofbudtnessdinheipeesappirt sysfarnspaudeleun smmaine. Thus, the
does not reqyire shore or, surface vessel aultiple:

e e B TR AP B g s obe
abilipydenethasgeliseliatniddhbas bbsiaripesioavepmilipielinas hapenfigured for
the amount of fuel 10present is the main limiting factor in its ability to

recHarge PYHS*Sbility gives the vessel longer range and greater dive time

than typical e batiassifytesm of th prisgre fieaunierohthesiessdldsdwbination of sealed
handling of stability issyes. Due to the fact that a large percentage of th -
volufhd B?I{Ih’ré?g%%ﬁ:ﬂéﬂ%gPdEgagBB\E}é%h%SV‘\’,"aet@r Fn%ev{\?/h@ e08 Zg%ﬁr%%%g% a dive, (o
the vassel:s GRmtel-gfcgraxity aiabias iia qaytendibdoyaacyafbentenefits. In many
submerges. 15At the paqint where thei%/ c&os&, 0 t.trtadHional SHé];a €t cach operate
vesSEoofunsaiss s A RS U SAG O f FOftHG Bver 6w P

owever, In

certaiprgbgdimentsighibesubjechisyemtignaibreughthealbel abaes work together to
carefully balanced distribution of weight, stability tanks mounted on the
uppErERRIEc ARd FHEBEH LA EiHfhcement that remains above the waterline

when the pejptshaiPsscthesBERRQdmentmane ableits templatstatilealed and open
inhibit rollover. 20 Another important characteristic of an embo%i)ment of
[

tho Bree A EHchH T EREE AR R AU BHREI AR e  need for
pUrpgEEiSANfigWARIg CAmRRASR AR _RESEdeiyniaRRchiaesiliince they remain open

construction. This modularity allows for a high degree of configurability.
Whilte theseaubnrsiaing veaderdareididhfigured for a particular

purpose ang huilt as.aSiRalg Rl wm§ﬁ§&ftﬂ&m&3ﬁﬁkﬂm@5}tﬂﬂ0 the extent
are designed for 25 multi-purpose use and for massfptroduction, with the

abilityetssastemibtaaehirdRiYans bR irge size of these compartments allows fora

great degree of variability in payload, which canbe increased even further by the standard
addition of removable weights. The main external ballast compartments are 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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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 compggment, the upper body works,
the surface hull, the surface engine 30 compartment, the side tanks, the
main internal ballast, anij the central framework, can ea i%/aBe swapped

t

out, addeld®' 88 rEmAREL 16 b S8 cHENG8 e APabiitieyments are

Each primaiosssembhnisReedakycaiesyitypically with\pra-attaehed into the main
components. The 26 vessel t¥gically comprises at least one passenger

colisaittiniesitrd SpeRedir e SHUMRAT OSSP e WisiiRtsed Baligdpp. Under

anghaLleastona.SvHRGE RGPS AmPaIHRRment RINGI REMBY positively buoyant
assemblies and many common marine components or submarine

cofitpiBEdil. dinasidbine. ingusp ot mEs te Deteeraibcemsipy internal and main
COPRRRIBAAIRKITS: . ROV B SIREHEAL AW mRINAIPhAPPureed even if all
hydraulic power. Typical submersibles have the passenger compartment
as‘hisanafrdodpisaphnthbhieleys ehsaige wihiroatly thifertseninngration and allows
pr lnvention, [ S: ponent is just
on?gg@é%ln?@,éoﬁl591?%%%(%%%{%&%%% s@ﬁgﬁlg}?’g&[ens%%n the vessel. The

use of pritaéry assenakied atldwswdriarnsmwethods sfsalsdiitsimgthellast systerm’s
vessakol, (nanembodiment.a, cential (IATAIRCRIMAY SOREMBY IRy unci the
used, upon which other primary assemblies may be mounted. The centra
framgyatkas typidadty anigohbexessulkd et fifanmeionkickh mmyilecsieetouble hull.

comb. %Ltle cr)E'llg' tlefr% “1'% 953” Ié%lln\l}dr?é S %t\b%?{ %{%qong)%%e\%%%tﬁ\g}hip Egﬁds% I%'(ljerge and right
mounting holés or brackets for the ‘attachment of othier primary
asseehbhhddiapdwecompanrentstyl 5In an embodiment, rigid reinforcing

b ' ted i he pri : blies th lves. Th
morcind e HErS ) KD b EIBEI e D o MRSl AT 220 b

or gtharigichenaterdakumiiodarendsligeimonpingdh des @ araakeaipdantheThe main

attachment of other primary assempblies and components located On the. .
s B thER S b2 RPI G el EhiBoSHHBAF REAAE} D SFalsine semi-
notseinfnLeied AMEBsIbeIER USSR g dity wind:ShiengHyareRsteads gravity drain
provided hy the construction of the primary assemblies, using the metho

d
' cotHMBARRBBRRETY e AN SORBIRYEBGUE S EHIHERI EBstHiEREH 1§t is that the

strygturadsiimeGhisimathoshineaReny segkihawemIty euBh RISt provides

boat manufacture. Using a um-body construction method, the primary

asddfibned dieptascrsapiduiaibs Semrliehtutarctdlstrehgtteiacontiolled ballast
CORHARNIATdBERHRAIMIAING Qf AR TBRRMS ABALNEY Wil G BE e ne while
single chassis, eliminating the need for a body-onframe.
surfaced. This freeboard displacement helps inhibit the vessel from rocking side to side
while surfaced.

The functionality of the overall ballast system of the. vessel allows enhanced
surface performance, as well as diving and surfacing with no complex mechanical
operations necessary. The result of the unigue ballast system is a large increase in payload
capacity with just mimimal additional weight. 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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in tRBRABIAN Y 8L HaorB AR

situtRsABLHs Preven fspdng et imidpis syt srhpHitmdnts

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, 30 provide #3r the use of an assembly line,

which has never before been used for submarine construction. The

configuidbdityyahthemessbhiksisg grettly, dhhanesd isypthe tasewa phasardditional

assemtblies a&‘%coﬁ‘r Oril&;%g V\{gic&cgﬂ_ g%l%qgw&ﬂ?@%%%re&%inu air to be used

Yetf'ans Se%nlqltljse ehtire ot an embodiment of the present invention is

the ipdiisioppehpiedsuteitesistantgedsraditie snbstihepastedgepacity provided by

compartment, The vessel typic Il includes a true one-atmosphere. o

oo N PALGE AL QRp ANER D o AOORg i donal oxygen and

iNstELPeRGioRNME RassARE sloeaMiokrgenponaints. Fionesdr tothgroved life support

5compaonents are isolated from égg passenger compartment and e llostI ,
RIGREApIGEase ! lé’e%‘hs’s%%sﬁgoer“e e support

conpadmentnas eeRRALIans tadhe-gifi @richvraion alidwdt tesadterngsivelyo conduct

function as an ambient pressure compartment. The vessel can function as . ...

a dRARBISIE IFSVIBEY AEdBRHpFOBYTH ! B RS %RI@&%%@%EW%@MY o

mayRe N Udesr 10 1Q assist ek RREIQURNS ihsapikkatiaBsdies the amount of fuel
Additionally, the ambient pressure mode can be used in emergPe,n_cy
p

b\ll’miglides the vessel
enhanced, safey,d Be-abilitv torambient RisssesRRRBsate the

passenger compartment, combined with the fact that throu_gh-hull _
penetratiors rision paswers [BaeessatdsotyhepRESEAGRAIGRH AsRTeRtue to the fact

?”llj aﬁlﬂ?@?ﬁég gte%}ﬂtgéré)&gHéWflﬂﬁQ sirationifaiune-1aMlkneb compIRtRlYline while

the passenger compartment with water. ~~ Submersion pods are
pressurstlitsoyesmbisenimaiuny thRipaesteer ko fRaients i it submerges.

res?ﬂx? ﬁl%tﬁggt%ﬁ %I RARPEIGE O RAFHNEN Jhebattene Rank HPES LR §nd are in

typically pressure hull submersion pods, and the surface engine o ‘
compagenert isiypicallyrablaniientipressare eavpbnsatedS5imerigst mvention,
o~ dfh-gcbt? A the kL)lrsrg:eorts zlt%grgl%(iils b%‘ifxﬁ@é& &%@r&%ﬂc&%ﬁ@@igﬁe fspé\‘ﬁl‘i/f?ﬁﬁﬁks mounted on
since components are more Lasi y switched out by not being confained in
the prssengeddomparfraentahlsplscckeap shitiadiredsdibplechmentqgine when the
lowering the weight necessary to sub fine inereasing.
the Eﬂ}%%grﬁsesﬁ(%?ﬁ%ﬁ@goéh e%%sarglé%%%ﬁg%%g%# lt%g?ieéo?‘atcli’::fg%ﬂ%otentia.lly o
dangerous Anmparients-ficmithepassengéatemipatimentoihelpresent invention that
high:voltage electric 25lines or fuel stores. . .. Embodiments of the t- and
or ARG OTRb I A B 1S4 P B COT A cgmponent
helpasmbiehtipregsuedsidmensiarc pods Ibhambédasiydetompdemrehigh degree of
AR, I AR L DSORGB et
purpose and built as a single unit, embodiments of the present invention are designed for

multi-purpose use and for mass production, with the ability to customize each individual
submarine.

In an embodimeﬁt, 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
casily 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
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30 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 connecfg via vent hoses or piping to
the submersion pods, chambers, and components attached to the

ambl%&t-%{)?csaﬁfl rgo%l'lr (1;10821 pa?rl"esa%ygge rzligse%ger to Iiihlg 1il’e% mP%gE‘?taOthoen Liri')élce hul
sy%? m,} ese é(omp h&Rts may be ¢ nstru%?e%loomlg Pwelg%t materials ’

ang wakpbiseshapaarasdobglas they areseasenablycaitightc kvageditianpt.

the system helps reduce the fixed displacement and tatal weight of the bmari
vessel, (TR SHEHARGTEP LERGHL BBWSHERABIBH Vit BARIHa P! submarine
adyantrRgemMvdedsby she rubiaat-aressuli:aieRMPpaNSALon grithistdato grids
off-the-shelf components not designed for use on submarines at

higHOHE 4 e B BB UMEle P ivaTRICE AR Het B o BRMGibhIBNAE W BEsHples have
depihis, AleONBRRAIRGHNE SR GRMPONENISReRAlesthe NRed far spesiakftect it.

development or testing and allows any sealed, water-resistant component

to be hrodmeerhnavattieRe @totbseoshsbibiidoriss BASSEREEO EOMRIEALIHHUS! one
grigk to-preventdefopmation aadiomuateniniLsiens d hessgmponents, such

as a marine radar dome, for example, can be typically attached to the
ambient-presuss e tirisotnpesrsaidis gt vinvaerrRede AT pigssAbhiegghe vessel.
Fh‘%aFRIﬂfé%é‘&k'HXn?f Lh@exﬁﬁﬁﬂlamm%wmﬁﬁ%&%ﬁﬁ%@ Is used, Lﬁ‘Bn which other
important feature of the present invention is its inclusion of a surface hull
anpriGity atitingbidea ohis\ie anbigiegolsrceotwéigmeatik is typigsidae rigid box or I-
Suggglarl AW isclﬂbmae r%'eb L Sey%%r%%%:ﬁg%@gﬂalhg“ﬁn%m%tlol}%\(ﬁey Dinaterial,
deep traft which reduces surface visibi ity and creates a large amount of

drag tiuprgdsultdceropetiatioho Bsagr Idweks spéedthackitaizaseis eheths primary
neggcise%g%re%gg&eﬁgg)&rgggn. Displacement hull vessels are limited in

their forward ‘speé y'&rag ‘and the 20 length of the vessel. A ship of a

given lendgthicanitetijndastapihan itehinl spaetcdeecause wfthesdare the primary
action tl%‘ tit (;{eate as it nﬁves _fogwg,rd and tlbe_qwaver a}:ctionﬁiiqse steel. composite
det&rmil e]éfhoy%nelsfzeﬁeg%h 0 el%lé“s‘ééﬁin,% 3?§ﬁaglém%ﬁ} A RVSSSS P
attempting Muexeesd dsdikdl speedwitipushitipeniabehwwanenri:okebar brackets
to achieve a speed higher than the hull speed, other forces must be ysed. :
s R T LT TR L6 € H BRIl tembis
surpassdhRedfull speed. Hydrodynamic lift comes from the tendency of a o
vessel to rise up in the front when water collects against the front of tge

bow as it MEBENGRAR SN SHMtER HAUSTRBRT thEBHGIREE Bifgers are used.
praperditidesiemeanvassateanmehievery sigrificani-analgihapauntelssemblies,
hydrodynamic lift to ride up on top of its own bow wave and plane. Planing

is SiFGIGd oMy ARl KaHE SLTSCE RREGTQTRTBIAY ByphRbeppgstniction, or

pushingthroudh therswfacanas Withahdispiacemanthullubianive alowstace boat
for significant increases in a vessel's speed, because the vessel is no

longerRiitaEr by HsintIPsBERC B LGS EHSBmifmTRAS Siiceriibry GrtRgblies are
vesgeldadiftachodt @f G walrr sampiedwih adisplasemertllyelding, or other
means that they will integrate info a single chassis, eliminatiﬁg 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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71) The unique ballasting of the present invention allows for a shallow

draft. When combined with the weight and space saving of the

ambient-pressure compensated engine corhpartment and submersion

pods, the submarine is able to attain a high enough powerto-weight ratio
during suriéderppivation ducalchione 9l 4RisEURdevas <o bemprseas gvention is the

Spl%r(]:llrﬁgigrtf rcf)?c?e@ﬂ!lrg—g((%lﬁamf?atgggg@fpéulﬂ'%%?&ﬁ@&i%ﬂﬂﬂuﬁ%@ﬁ@ The vessel

operation. nem ment is vessel is the first submarine to have

a prgsisully mdlsind aiplaciegmisphne egeuaniolinrefanarseponsiment which also
housed in the ambient-pressure compensated syrface endine. .. 1 ther
co%%%sr?%gﬁ%l gﬂds ’tﬁgsfﬁrlénéa I?Eéélar%as rvSeS§ Ir%geﬂec ?#ils poé% e. E’}I]ashingoﬁger’. ome
histenigedidnee are dnsitledefione drty prspagsiblecimsubneatined evithosed 1n their own
pressure 10 hulls. True sub.marinc?s have previously never achieved any

' sigRIFESHE ISR b HIEHRIRY " Blaning ‘ability of the submarine

according Toéhapresenicsnmpationsdiues thachaliisngalefrécegndlingich allow it to

configurability and small size with long-range surface navjgation and ]
e SEHY S R SPLRRAD 2 P1ont DRSSOHEF ABBET 67kt SRR B1°1on °2

the aseptinyesiamisdtssmpiablend bslisplagpmeniniiel systemvllar may be included
Storing fuel is problematic to submarines a%?ﬁ’i%lme rSiﬁllf?S ue to several

factBre SRR CERPSET HRD ELTHHTELSBS SRy HRITARY TOREFRge Mode can

neagl RrtectomfreraRie sesg A de bt faeblaayes aganpdsefigel tamiartment,
as -it is used. The gap must be accounted for or the fuel tank wall will

defarrfiding sobpRsttheteiylis ARY HeOUTHIS0! PBTHIE SRS thahe passenger
variapee piiugl QURTHRR FRUISE Of 2t ISR uE RS Qe iiebianis dtisin the lower

be ambient pressure compensated or, alternatively, built in a ﬁ}ressure

hulthird of the PRsssRaeE BORRETREYNuREHEN IR ASHRIBINH Il Benfggon failure
butfhe fuelwsight gl kyaie 3sdldsdisednfparmpensating.weight, which

decreases efficiency, must be added to allow the submarine to dive when

© . fuel is low Sambtesieprasslireasonipesistted nE uer tRBiSHRIF ESerfogPensated

20.

25

30

fire crb% Enqi{l @qgﬁq-é%&?efbﬁfaﬂi%?mﬁ%ﬁ 9@0&51%%. i$he battery bank tubes

compensated with seawater. Some military submarines in use during )
Wourle Warddlis peessseatndternboraisins aeds. systehs, Bifastverglnpompartment 1s

complex g0dIs renf- .9 r Hgﬂé/dvﬁﬁﬁﬁg 15 fagh, AN YRiERksion pods
subtlﬁzal?salﬁ e%nsgﬁj%ﬁ@@&%b%g%éb any fuel and instesalld uﬁse only batteries P

for aneegyestoragefighsbibtuishn esasehigdicnitagramgararpre casily switched out
30navigation capacity.. In certain empadi e submatng of the fixed
preng n%?rwéenll ncgggésnifgrigbﬁg %%ﬁ?acegnent %?J%Lfacélls'tb be able to %%#‘gry _ e
fueldiepkiomscot JreatdotamS0Degaliogst imeersmll-sizsdbyesse| tgdswhnarine and

lessiﬁlgleégshl%tgh ?l'petggli%e?éledggi‘i%rr]r%aJAl‘c\e/:.ag%Pé?ycgiss Blﬁg ee%ﬂltcgﬂell_)ysgolating potentially
dangerous components from the passenger compartment, such as high-voltage electric
lines or fuel stores.

Embodiments of the present invention comprising an ambient-pressure air
compensation 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 mamfold 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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cell comprises a flexible material fuel bag residing in the main ballast

tanks or a free-flood zone inside the vessel. Fuel is removed from the cell

as it used by a -fuel pump, thereby reducing the displacement of the cell.

As the displacement of the cell is decreased, more water enters the
vessebrieaning tempstresuli-9f bilecadditinnabweighty Sbringnegessany various
to attain neutral buoyancy at the beginning of a dive. Some

coPhPRFs AP WatgRERHY &ﬂﬁ%‘éahg’e%ifﬁﬁg? el0addiian Jhssysica Belprpeguce the
fullfuel loadRecavssidiaselitghwsighs abeutielBlbioRNen Jass dMdiher power-
water, the vessel is actually more buoyant with more fuel. This means that
théoyessghigatiPheavier underwater as fuel is used and water replaces its

volume. ThgSHDMALNG 53 Bﬁﬁi%%%g\gfb'a AQRRRYARWRINIDR AR rid is that

dive with a full fuel load of well over gallons, though the actual full fuel
loadffritiasy the feeninguartie ular desigalks T demmonsthateries advashagissspre depths
(e, yanaRia displagerent el el ihe AATRSISAURG MEIOH 06 Mifnsating these
vesseFtrave?lng In seawater with 525 gallons of diesel fuel is only about
80dolinpwinitesatdgsist 817 284t ©F sprupddsativgmaipbit tardue dul ndlopssary sealed,
" (e el aRPeRRa AP ISR Ul T B A MRS 1REUGHBILIR Meboure i
Welgah of the vessel he pS alfow Yor a shallow dra , Which in turn
contiibpiesitomtheidbilityeotth d afessetito platier artachieverhighspeephients, such
Referring now to the drawings, as shown in Eigures 1-8, the vessel.of the .
orSSA ISR A eSS R R Ot e Hssurea
attachedrapasseidefcompartioienthisscahisfaes thulk«t ] amabpider diatly vessel and
works 37, a surface engine compartment 20 20, main internal ballast
cofPA FeE S8 side tanks 15. The side tanks may further divide into
the main extéerpalrballasttaenpaispenisanddnotrisibabidst conpadmizntsiull and
The passenger compartment 1 hot;ses.the passengers and

3., h .
corEaipd B IRrRTLIRSE th B8P ELHER IBTHHEUELYS. In many embodiments,

‘the passenggeoampaitmentddsdpeessiselq digiaativenembndimettihave a very

the passenger compartment 1 may be an ambient 25 pressure hull. | y
furthsp altar ym%héﬁ%ﬁﬁh%ﬁﬂ%&ﬁ&%@@r%Bﬁfﬁa%&ﬁéﬁt%%‘ﬂ}igggfgg during
hemispbeisakneRANALBN 38 5PN MiRdrIQYER e IMEQIERIor surface operation.
embodiments, the passenger compartment 1 includes an air conditioner .

56.  TResligememIPd2vserisss Ssptdds thepiugengetpecd by drag and the
CO'Z‘HH?&%?_%%E@QT‘. Fl@%M@B?Ta%@glékg{ﬁe%95{?%@?1‘%@[1%‘@@%@1' RfcthBbecause
vessel attain high speeds during surface 30 navigation, in many = | _

eImROTIES AP0 BIPRICE Al PIS EnIAPABTAT: IFPd R rigtieaction 1s determined
embodiments iiesudacs Auliddds o diRasementiiilplihg fEBheed its hull speed

alternative embodiment, the surface hull 42 is a wave piercing

~ planingpesflenhall 88pasvehiswn in Figure 7. In certain embodiments, the

surface hlﬂl é]%&otg]&r}lﬁgxse% foéleg%%ﬁlea 'th%n the hull speed, other forces must be used.

Hydrodynamic lift resulting from a vessel’s motion can be used to surpass the hull speed.
Hydrodynamic lift comes 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 1s also minimized since

more of the vessel is lifted out of the water compared with a displacement hull.
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" contprresEAhfHer il

The upper body works 37 surrounds the lower portion of the passenger
compartment 1 and extends laterally from ;—;[}her side and above the

passenger compartment 1 in the rear. In many embodiments, the upper

body works 37 includes semi-controllable ball'ast_zonai—zls 9, \ﬁ/hicwiag/ Wi
have semiBeH LR iR YriBS B & HUFFEHOR £IIgNG ShBiig {Qkdkatt. When

4. In,ceyiRin fmbadinenis dhesyRRak brd natkady als prinelitelesniivisated engine

planes 5 (shown in deployed position in Figure 5) that may be deployed

: ploy
durRE B ESPERRIGHE M AT HER AR TS SHIRSHIS thallsdp AR aRtERfgaush power-
deck argag 18payPeyserdar spameIsian RAS (481t OURINGssel comprises a

additlona”T’ batteries (in submersion pod 49) br additional fuel load (in
sulmheispRpadesn)l irnddpEinserisbHimehieh aRetls B BEd T HRRREten-
may'mCIL.J%en%ﬁ(B%%h‘Pegt JARisReles LMD RY-COMPISRIRING3S 8GR hull and a
be used in snorkeling applications. In alternative embodiments, larger
stabliitittanks!48 Fhay lbezasadomicatahrsaroadimaatsetharupperadugnt-pressure
Worc%smmea szlinccl%%?faacwgnaéfg ncg] z{Hn%gn'tVXSH él%’l?ﬂr ﬁ@ﬂ%@@@%@%i%msib]e.
many ambo Iments, the surface ngme'compartment 20 is _ .
amBbientagresshied & ditinhpensated sadthrigrelhetprofsitbisriubragdipewith pressure
input check valyes 45 and an ambient core r F 28 Qe; Hfacess. NG s 1an;
corﬁﬁgﬁenﬁélﬁt often S%’&‘é% 'Siitae %%t:;glrngfgi g1V Whl}h ugge suﬁleatcgfgé i
engdihe geaisd2bdliopetheoutiaires: Gontaineg in dut driseionsimyspsolves the
In many embadiments, the out drive.housings 23 are ambient-press ot
corhpERHRBA GULN SR TIY B0 L ol R ADHE ST nevigarion
engine saryepiipenh2 spades 20 where the out drives are located. The

surface e,ng?i#)es 31 draw fufel from %u%l cell§ 1 3 hicheaglcleto]%gn iariatts)l?tS variable
displacemRPHIET ASRELigaT STHRE 38 Bh PtuEl e 98\

eck valve e
surigssiareiegtqaspssteaent 20 typically comprises an engine lid cover 11

to keep it sealed from the elements. In Certain embodiments, the vessel ]
may includd AR AT REPLTARLR S T HA" ﬂﬁ?&%@%%s’sceﬁhﬁ By yral factors.

andvahRW fkusIstesicaitpnRestinoal2 Shipnnthysied tioe @éssembled® protedtion from

many embodiments, the Unigue ballast system of the gresent i(%ie[i‘ll ion
al

SRYB A e L AT 8 UM Palfdl 2P must be

compastMentsef Jfimdaliash:compaimenis 3n 2R peibingaiiatiablg fuel needs to
ballast zones 9. Each main internal ballast compartment 2 typically o

ens
Lo URETBBESRHELAY B HEAD Rt AN HHE TS0 PR ERE Rt Al el anks
the mainexiglinehbalashrOMRAIMSRIS of iRdpea 8l cannestionesddrand!.

main ballast valves 27. The main internal ballast compartments 2 often

comprise Baagt imbrented. imapasiyambolitertsitesmalt Bidbdxed but the fuel
ballash COMPRYRE AL (4 LAR1 32 ARRAIAINS QUL IH e BTRREN: Wi th@icy, must be

ballast exhaust port 21 and the use of the exhaust valve 26. In certain _
embddiréntslavathe pumpsinomdy be el thiadeist MdiREEHEEsmPensated

to opgigclion frem he.hallagtsysie Py 1L RRARY SPRIMGRISy SRRNRSSEIS the tank is

inclulcl:ies an eﬁectrl al system and an air system. 5 The electrical system
storesuweredingibstteni tahkea 2 g RubEy s 1858 frsupiers dfpr Hused a
Pods AR Many ANBAdIME IR NE Bl SIAM COMPHSER OXKISD AN fdkRal for non-
SC§2\a\§£[%%ge?1£ﬁ<%s ]Af:la emergency air tan 33,l%‘?fhigh-pressur(gr
compibssynadsandarfactirgaty Tpeairsgbiaerallischine!d wpressrey [uel and
air delivery line 40, .a low-pressure air.delive %n%scu m @&991 iNe. 464 rance and
a hid S-tﬁ?esussﬁ‘rcem1 rt():?éﬁle\?eergyﬁﬁgnilﬁyzfﬁ%ra (ri'g% c%eci LOvalves 25. rang

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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The primary assemblies and other components of the vessel will be

described in further detail below. The term "ambient core manifold”

as used herein refers to a central hub, kept@t ambient pressure. that

distributes ambient-pressure compensating air to other components 150f
theYeSSRIprises 2 HRAMID rARRIANLEPR Ferdan RS HERANGRANIEIEIEIR 8 2 free-
device that reads and/or reacts to the ambient pressure, ~ The term
"affisidmone iside thsvesed Hardinsreerevesl them lbesghbasfithsed by a fuel pump,
SR SHRHIRInIgixereshahe VAR UTe. AQTRE IROMRURMANGY RS ceil is
used heteln, consistent with its usual meaning in the art, refers to the
uplearchfortenexeretiibyittie thatersorl.dordsnelp andtisaduel tstiheddaignl weight
of the volume of water displaced by the vessel.. . . The.term "carbon

i B R e Y R e K0 e

art, refersStora: denvipenatt sghstagicenuses itbremed e tie vasgjekity piffstaliye with a

250f the carbon. dioxide from.a sample of air.. . "The term "center of
LGV 08T I TS PR st e € sl Wb e e
thesastrafersiortheggemelritcenter afdherhuoyaahionee aktingoslthets heavier
vessel. The term "center of gravity" of a vessel as used herejn,. )
comsta i freUSuses %ﬂﬂd?%I%S%E,VPjF&E'?@‘ﬁ%"ﬂé‘%ﬂ%‘eﬁ‘t}fc esigned with

cegiien oh the Masseksiplagasdive wWilledBIMAcOmADNERT asSOd benei, though the
refers to any device or substance which can reasgnably be included on

ar Bl e! I mardBles DI RATHERIEBEAr!s To daRopsiipte the advantage of the
"fully-eentraliyplechaliasteprapartmencapusashbarsiphiefarsie cbaliasiveling in

compartment that is designed to receive air urposefulH injected under

d
préSaNALeA T a3 entess ebfitfenhbie! doARRCHRATE U 2iP'GHg 8t feast 3.728 1b of

copnesietia.g ballast compaementihatitas audiract isent@liahlgressure hull. This
connection to an air grid; and includes the 5main internal ballast

cOMpRItIAGPIY IR dhiP mafreaxtetihs Bamedticihpbptntn sheexdirfbgvhich in

- the trim Hallast COMRAIMENS T the TRELEWIHE! £RlLASVsachharring.

refers to any container reasonably capable of holding fuel.
Referring now to the drawings, as shown in Figures i-8, the vessel of the present

irivention may comprise a central framework 8, to which may be aitached a passenger
compartment 1, a surface hull 42, an upper body works 37, a surface engine compartment
20, main internal ballast compartinents 2, and side tanks 15. The side tanks may further
divide into the main external ballast compartments and the trnim ballast compartments 3.

The passenger compartment 1 houses the passengers and contains controls for the
operation of the vessel. In many embodiments, the passenger compartment 1 1s a pressure
hull. In alternative embodiments, the passenger compartment 1 may 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 hgh 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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The term "hydraulic accumulator" as used herein refers to any container

that holds 10 fluid and provides fluid to the_hydraulic system, but does not
receive additional fluid until the pressure of’the hydraulic system drops

below a certain threshold, at which point additional fluid is provided to The
hydraulic A&eurmpatdrody Wm%Ste?rF{; SHyarEStatiicli Ao UE LR Harafnthe passenger
CONSIRISH) wish its ugyal.meaning i ainrefenisfo dug biRyanb{RragOhassenger
water pushing up on. a vessel while it 1s sitting at rest. .The

terretnpaitrizall dsirsyistemirabiusedyrmbint ks Eheneppihedterr ks 37 includes
ballast - ceampatmenis eNd e R EoI 3|08 1as COMRRIMANS s one-way
any. e term “neutral buoyaricy” as us I%ereln, consistent with its
usugdppearingunl tebaity nefdrsad trerconditibndivhents tHe farper bpdyaenjs 37 also

and the force of Quoyapgy acting on g vessel are equal, meaning that t
eSB! B oy SRS NS PR T L Y R eployed
co ;@%ﬁﬂgtﬁng'o@érﬁﬁadshﬁfeﬂﬂtaﬂ{%rﬁﬁ@dammmnemmfaawmaﬂmf;ksareas 16 may
safe for human passengers to occupy during operation of the vessel. .

TP ROHA R BSEERBERA S0 St HENIN IR R BISS B b omersion pod 49
modifigy abianaed 195 ePRfigHERISO pIBiCHles: TS SIOB i PdRgsks upper body
such as by removing and replaci% removable components, for exam

by orsRitg Baipeheata fReta Y sUisrerit L atSeHIRY GiRBY e B%hat can be
COMROAENIRIQ éhﬁ%sl&géﬁ@ﬂﬂﬁé’v Ehet ey BgRYansie Iesesiani Bitheks 48 may
u

vessel, and also in s being capable of open design. = The term
"sedkeepindn etaieenhadinmeatin st PGS ESkaNRLHIGHESA traRgi mount 53,

m_ezzl\ipe 1%329&91%%31%9&%%4%%@5@ rough cono!itions at sea such as high
wind, farge waves and heavy rain; and to navigate safely at sea for
prolonged Iperiots aubingstotnyhwestfer 80 Theompd eemi2dostrelikplpressure
ballagt 2000 APURRANSIEID LRTRIS 10, A0N. 400 Ah FEPAMNILn an ambient

iS at least partially open to the environment, completely fills

‘withcutateraddred? trkhvessilds submergegadndwai@ oftee hahssinsuplpce engines 31,

mace o walter.
23. In many embodiments, the out drive housings 23 are ambient-pressure compensated.

aﬁggﬁrfﬁ% ggis%gf\% O’?\flv!ﬁ%%:%etqg Vi %?éagl%? %Elrincﬁ%beasnciggye){nigjiei%tggt %I&ri’ve housings

Out drive seals 24 may be used to heip keep the surface engine compartment 20 sealed
where the out drives are located. The'surface engines 31 draw fuel from fuel cells 17,
which are often variable displacement fiel cells, via a fuel line 30 and fuel check valve
29. The surface engine compartment 20 typically comprises an engine lid cover 11 to
keep it sealed from the elements. In certain embodiments, the vessel may include an aft
thruster contained in an aft thruster tube assembly 51 and a bow thruster contained in a
bow thruster tube assembly 52.

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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The term "submarine" as used herein refers to an autonomous vessel,

capable of moving forward and changing directions under water, capable

of navigation on the high 5seas, with seakegping capabilities, and capable

of safely operating under water with human passengers. The term
"5Lb?i%]?(é!@!@cﬁﬁts%@@lmbﬁ&ﬁlﬂeﬁ%f@ﬁﬂ% @M%&%@Lﬁ’é%ﬂ%@l%%ﬂ%ﬁ@i@é of the exhaust
safely taking human passengers below the surface of the water and safely
retvdhingthdipasdangardedithensurfadier ANsubhdnresbaressdimessiplesth water
UL SHOPEISIBISS AR LRSHAMER,y,  The term surface

dlspfacement" as used herein, consistent with its usual Meaning in the art,

refers to themalyrere twidivatetsthizt s disladedds wracleassed dustag sudaceair system.
opeqation, The felir egq“é{%%% navigation' ag ised z%‘aej?s' conSIStent With ored in
its ustal meaning’in 4_5the a”_refers1o moving and/or Chianging

direghiorssthiripgdsuitaaeuopenabiodiments, Tthe @rgyisuifaceaperatiepiastanks 13,
usggg?erein, con%i%ent with its usual m_eagl{r}%inaige art, refers to when a _
veSSer Nt APBTORHTAR T HEHRECH O S Fottne HBBVE PR STSIBANTES s > and an
it isireas@nEkdy:Fapabig.hinaving: kv pxammeaitd-a fypicaldas 9elow-pressure air

submarine, surface operation refers to when enough of its volume is =~
abBGE Y WtEATRRCEEAIS e HRarthih Ropsea HEdshurrRdiang7- and air grid check
pasgengers and/or supplies can be brought on or off The term

"surface vessel" as used herein, consistent with its usual meaning in the

art, refers theamyvasssseRdtisstpicaliierientencrs slitscesperatidis dargribed in

is pothvRigallyiptended for underwater operation, and includes, but is not
limited to, vessels such as 25speed boats, oil tankers, yachts, cruise
ships. and ifgisoatsambientgotempnifspar Bodsedbrran sarsdel theselrpl hub, kept at

ref%%‘i‘élﬂ%‘?&é’ﬁ?@%}ﬁ%&%‘%@ﬁ%%%ﬁ‘-lﬁge%%ﬂ%ﬂﬁ%ﬁﬂ}%%%ﬁ@f components

components that can be attached to deck areas. The term "Upper body
workshntaypsalso encompass any semi-controllable ballast zones that are

located on-py &‘?%Faiﬂf?%evlﬁtm?e%%%?ﬁ'ﬁsaﬁﬂ‘éﬁ‘ﬁh%Peqnsﬂ €216 ENE S8 M and/or

"variable displacement" of a vessel as used herein refers to the volume 0
a vesstl thétcamtbesafebprand reasonably flooded with water without any

danger to,ltlﬂg Q%%enggﬁeg%&f E}r}gs\s{&‘seselas used herein refers to the pressure of the
environment outside the vessel at a given time.

The term “buovancy™ as used herein, consistent with its usual imeaning in the art,
refers to the upward force exerted by the water on a vessel, and is equal to the weight of
the volume of water displaced by the vessel. .

The term “carbon dioxide scrubber™ as used herein, consistent with its usual
mean:ng i the én“t_, refers to a device or substance used to remove the majority, if not all,
of the carbon dioxide from a sample sf atr.

The term “center of buoyancy™ of a vessel as used herein, consistent with its usua!l
meaning in 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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35 The term "variable displacement fuel cell" as used herein refers to

a fuel cell which is capable of having a changing volume as fuel is used

from the cell. The term -vessel" as used herein refers to a craft

designed for navigation on water or under water. 5The term "vessel

capable of MhésFvafsHsretolrbie B@Bﬁ%‘é‘?@ﬂ%ﬁ‘?ﬁ%{t'oe‘asu%ﬁij?ﬁgéna%m oa

sunEISIPIeSyYessh! MeviRY heRicA & Mepaale anabIRetted under pressure
underwater operation are preconfigured and built 10 as a single unit. The

pageenbfesr eiTsrerPRabsusRYIRE Ml BBAY o¥ifleVelsEP SifcHicthigt @ baflast
a”%&ﬂ&ﬁ?ﬁﬁéﬁ?@lﬁl%};{? %%'r@éf,e%%%‘ﬁﬂﬁé%%HH&%&%%W@H%% @*-ia_;mﬁﬂ' includes the
every change must be analyzed for possible effects on the crucial ~
passeingetdmidiniairtionarimeTtieavd se B SaBleEORNAH T RIrtments, but
deselgagg tso }l]aeet ﬁ%?é’lfa‘?s‘f%%ﬁw ~making mass production reasonable.
Many prefabricated, common, off-the-shelf components are 15
incorporatékirtortifivessél gsfosediheamdd &r apyigudaiesifiguraniy, capable of
op nﬁ%sg éThiS allows each vessel produced to be customized to be

lited *Or the desired purpose. The vessel can be used for nearly
any seafafingtptnposersuthaasnacteationalwdbermiilitafyne se aay daoiagteidhat holds
use, such as by. 0il companjes. . Inma | . Lo
ore LA TGRS TNy oL oy 5o B BOLTEtRe Mtone i o
submepsiguRods the hinlmaiy smbodinestssitve vesselintiueidsd, cénttath point

framework 8 primary assembl 'cté comprises a skeleton of material
Witﬁ“ﬂijr’él-‘?BPllrfiLHm’érﬁl 8¥ﬂ§5ﬁrﬂ%ﬁ%&f %L.l,;{;lcp%%cr g}ﬁlaétr%rbodiments, the

skeleton May RenagderofmelaifiCampesiteraiatesiaisamaweombinatdmedning in the
both. In certain embodimeFFts tr?g pre-forrr]ed hard attachan} oin
wniie

25 AInEHR PO HRPBR P ORI B IO SN ke e ot st

15 Or box tubing. Bifferentvesaels maywsesdifferratakeltinntsdapesiinamat ballast
- embodiment, the skeleton is in the shape of a rectan?ular, ox with

triafERHBRABIR gskthe aan T mathatashse 4§ Hiffface travel

and wave ?H@iﬁ_ﬁnl A fEiAINagYRasiMaNisedhereantmi framewortkifs usual meaning in
comprises additional structural supports extending, down into_the kf

o ! _
301y SAFOGITR EARS) 6 BSOS DRI [P HRAtRERY ey i

assgmbleihatattachasiriimsanitahl amawasul lashersudake huhdRater.
or to the upper body works 37.
, The term “passenger compartment” as used herein refers to a component ofa

vessel that is safe for human passengers to occupy during operation of the vessel.

The term “purpose-configurable” as used herein means able to be modified,
arranged, or reconfigured for a particular mission or purpose, such as by removing
and replacing removable components, for example, by unbolting components from a
submarine and attaching other components to the submarine without requinng
extensive redesign of the vessel, and also includes being capable of open 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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This provides an advantage over typical small vessels capable of

underwater operation, 36 minimizing the effects on the passenger

compartment 1 of changes to the vessel. [pdmany cases it permits

changes to the vessel without affecting the passenger compartment 1.
Thenrima assembliasi abthe yessehahibfipresentdnventigtaR vessel is on the
interchangeable and come in different designs, which may be chosen

acBiaRs IR desired. In 5 many embodiments, the primary
assembligsare-aragngsagl sectionsspaaificrlly fANCISHh iR 6essel, capable of

construction of the vessel of the subject invention. The primary _
asseibReS ething eersivhércerofpradent asareneal faypgaloriigthe high
onpre-setashmant a5 Amonade Py assRMBIE NALMAY Perer wih
used on the vessel of the present 10 invention are the passengeér
cohupzatrpessegthie upper body works 37, the surface hull 42, the surface

engine cofpariment,70,.Ing Ridg;tanks; L. andghe main.internal hallast 2. pre of
Each of these primary assemblies attach to each other or fo an optlonaf
cestttelyftakmegiorkn8nras@ns asdemoblyhOnefof ¢he ddvantages e ftihe returning the
subject inventian is that any, of the primary assemblies may be replaced .

ST S eIA S TSP ARG e Soar e b R AT iR hsibtes are
assgmbliasesln this respect the subject invention is a modular submarine.’

In *certain.embodiments, the vessel comprises a planing-type speedboat . )
il QT IO A R R T 0 (A a3 B eaning
with ahslawerditsnmongetiidiant displace Mentypepdtdhag is wsee iuring surface
other embodiments. The vessel comprises a passenger compartment 1,
wHIBR'#Rises passengers and 20 pilots. In many embodiments, the
passengericompartnenichatiaeties 1o aganealiffameenit & Makyial meaning in
assembly via a series of lateral rings.that each bolt to pre-set hard points

- ontife e RIS Ao B AT B Er SaRHeRT g Re kSR gapation —— ———

compartment:draftachesdiieciyde tha.striace AlbReimanyaasamblyafdeaning in
or to the upper body works primary assembly 37, or to both. Since in most

eniBodifndRs i priER AR paAPRERTDEENS thdshisysrpme above the

porina Rhihgvassel WRIG NG \eald SRR NRtehalargpIRoreN AL el Juge
vessel's vyelggpt;gplcally hangs from the passenger compartment 1. In .
cefiil eiisotiesnepaiatioase iy kbpsatH I taugesiaabaie the waterline

copdifion@l-28tch onT&?lcldH FB%BQ:%G %%@%%i%&%%ﬂﬁﬁ% 8 be brou ghton

majority of the lower half of the passenger compartment 1 in many
enbediments. The design of the upper body works 37 30is variable and

may inclugg GOMpaneas. SUchag s E%&‘B@P@ﬂ! %ﬁﬁeﬂ!ﬁﬁ%ﬁ@fﬁ%emng in the

weapons mounts 53, wells 54, and manipulator arms 55. In man
entboireie atlyey epppkthat 1s typically intended for surface operation and is not typically

intended for underwater operation, and includes, but 1s not limited to, vessels such as
speed boats, oil tankers, vachts. 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 disptacement™ of a vessel as used herein refers to the volume
of avessel that can be safely and reasonably flooded with water without any danger to the

passengers of the vessel.
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37 body works 37 houses ballast system components including the

stability tanks 4 and a semi-controllable ballast zone. In many
embodiments, the surface engine compartrirent 20 is aft o f the passenger
compartment 1. The surface engine compartment 20 protects the surface
engines 3T ki BotiariebinsbrrRnts ws AT sga e duIRRgEd et fuct cel
Wa?ffl%ﬁlqgg%ab]e JFHRRRY Srbadimenianhe sHirce il féatrches o

the lower half'of a central ffamework 8 and to a keel extension. The

surface hulli42eatiowesthl’ ve ysefl fesfeimonéiisds acieldier sinddes rrxitapepon water
vesgrellﬁ/]v&i#ew%perthe surface of the water. The surface hull 42 often houses

the main internal ballast assembly 2. In an embodiment, the fuel cells 17
10and/or dlittarks (13;sid, G8)bie afsoriousedrinphiéonrtags hegraxrein refers to
The ngfain intern b%llast slsembly 2 typically comprises a series of

balld Waqg?sc%nmrs)lér rr%sn%s??h many embodiments, these ballast water
compartments are housed within the surface hull 42. The side tanks 15

typically ?xtend,to either side of the surface hull 42. In many

embt Nid'side tanks 15 house the main external ballast
15compartmenis shaindtiselbalipstieornpatimantsoderiiersideptanisibBred and built
can serve to add buoyancy to the vessel both on ttb,e t?urface gf (tlQe Hﬁgqyessel such
andHeH bR AHEEPSTA S P R Ry S0 d i Ents, the Primary
assgmblies MeusrRine ecbaricalfegyipmpiiscaiistarager eleatritals, every change
storage, fuel storage, and other components that help the vessel fur}ction.

Marfy etiRs aP 6 SRR i s ThRiL e FiHCHIePd &&%“3’&%&6 St

20 inventiophdRdnanyrenskasjmentisetie vRshsl crmprisesasil le@stofigured, making

ballast compartment, at least one surface engine, at Iea%é%}}‘%fuﬁ %ell, at )
leasPariEBIsHABFoaRARlE JHE B AR H P HE 15 L B LAt & brgponents are
and;tuysigbal [RRSIRNR AKICATORIERROL BbIRAS! AN GIE FRAGartdINK open design,
and controls for a pilot to operate the vessel. In certain embodiments, the

vesSatiaalinisnamrcoistisEdatbia bR sy FpBBF B HBHol AL e desired
We”ﬁ?ﬁg'&,z’ﬁh%'@%g} SYS s ERGINAIRNLY L e COMPRARIYS OB as recreational

vessel are off-the-shelf stock marine components or standard submarine
partes@SoniE T the, paiRduichl Astha AR Sy OhspaIRiEfts, are

custom-magle,. ..., 10 HEIHEMOCHI SRS I COMBANRRIH KO PRSP assemblies,

are arranged Into’systems, which are connected by grids. The grid
systesnsprisptigoid enhsuligisrpres sars air storage 30 grid, the emergency

air grid, thehllOWié%re gdpfﬂgl]]%}/ FHE %&Qsél‘_%@!ﬁ@é?'E‘Péﬁﬁ%&lrﬁﬁi{ewqu 8 primary
compensation gnc‘i, the oxygen grid, the main ballast water grid, the trim )
ballastevaltbr ghidh thenplactsis ak giathithérnsteralinidty rce - tamened gt tgrsgment points.
Eac?ngcrgts' S%Ierg %(i)éln MeSR CORDEEIQ G%&?@tearﬂ%‘é %?%%?96%1%@%6 material, or a
componenat pOJIS ?O e a de§ to or removed from ]
combination of both. In certain embodiments, the pre-formed hard attachment pomts 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.
[n 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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38 the vessel easily. The connectors connect to each component or
component pod, and they make repairs and upgrades to the vessel much
easier. Any vessel that operates underiwater must account for the
reality that components may be damaged by pressure or water intrusion

at depth ihasyfembodime pisahie &R inyentnn dBeiPASSRREE I many
compartment 1 and the surface engine compartment 20 offer inherent

ProfSERsHPRITINE EbrRpBHNRceTrarsd sttt Tasting e sssr ergppuraprgment 1.
are either}iﬂ@ﬁﬁ%‘i‘&% capahleQf yyisianding RESTe LR AN WAIR L ALARR N geable
such as the air tanks (13, 14, 33) and fuel cells 17, or they mustbe
pr@f@i:fémqrnlhﬁhﬁy‘r@ah@@&iaﬂénn@hwil?ee@hibecﬁmga‘:ém@mﬁug@ewh@_ is desired. In
pr%%ﬁtycgmﬁﬂfiﬁ@ﬁs?fth]eo ﬁﬁ%‘é??sﬂséﬁﬂﬁ&thm@tﬁl} gl Al DIPSEUNG IS specifically

directly added to the components to create a pressu%e differential of

ne&atyioaps] etk nahsinerior dhthexesior of the sdmsorienestinmotfer primary
ematéé’dﬁ{gﬁé‘stsﬂhéﬂ‘ BMerSion pads are Ysed 1o proteet f&%@??%@%gﬁ&i@@ on pre-sct
vessel at depth. Submersion pods are individual enclosures that house
thextarhpenemisnénd resist the outside pressure. An ambient pressure pod

that is corA?ecte to the ambient- %%ﬂfé)e 15 ajr com enSﬁ_Iuon grl

‘ : IS an
example 0 néogﬁb}r%?e%{)nﬁrgo%s%ﬁh may ey .eAuB?es%Iﬂre ufi p%?dp ?s%e present

anothett@xamyle phasuhmearsiparpochthathnayiee isbdwArREggsthieshtiice hull 42,
pod is bujlt air tight and to resist the pressures of great depth under water
th%ﬁgw'ifs%o%@?&fcﬁ%}ﬂ?mm Zﬂ’ &%ﬁfb‘é%@&{iéd%sﬂ %Psﬁa%aa%?ﬁlk}a“w 2
selgRsfileiepangepicsmpduiesttnthelehbankspfcanpanentscatial framework
stores of consumables in various 20 embodiments. Many embodiments

cofhBrEE BAMERPBRAIOREHR WHicH FBlRe batiiteu bishhueterfpnsired any of the
angrsnarbaschanaeseMs forefar-aattaiupansRRgs Y. &N @CHNGng to rebuild .

them from the electrical grid connection.  In many embodiments, the
vedde PHithasiabbat-imehtiorr i sel Aiv aRPisrt AN ANEoB 15 ReRdulisahmarine. In

50 feediin dangihmtheeridinenbodimpntss helanahpktbevessal S o allow for

25less than 35 feet. In a further embodiment, the length of the vessel is

leskighanspeetisel his yettackipth A sivdu siepgctheferbihact enei/bgisaprs cfiicient
'eséiéﬁﬁa@&@eﬁ?_%pe nal PR SPRAIRENts,fh&widih of the vessel is

less than 20 feet. In a further embodiment, the width of the vessel is less
than 10 feldie vessel comprisgsyaqraiscusranspiieheidhtdfidhewusssaidssengers and
less. q%p 0 feet, Inl%g) rther BO%ébodiment the heig]ht of t_pe %{c’?&’se%lL

iS .
1.f nany er 1S passeneel Comparfinent G a, central
les§ than 6 feet.” — In many ermbodiments; the vessel has a dry weight of

be tiaervaiio 8tpRiHacy pewands gvik azout 60, 60 poungisthin eaflirtidirto pre-set hard

emr?oqgtign oenn[rhet anyr%ﬁr%wéi“sfor <d & ﬁ%&% gr];lbodi111ents, the passenger compartment 1

attaches directly to the surface hull primary assembly 42 or to the upper body works

primary assembly 37, or to both. Since in most embodiments the passenger compartment

1 1s the most buoyant portion of the vessel while the vessel i1s under water, a large portion

of the vessel’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

1s 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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39 between about 2,500 pounds and about 30,000 pounds. In yet a
further embodiment, the vessel has a dry weight of between about 2,500
pounds and about 15,000 pounds. Passenger Compartment 5Passenger
compartments in submarines range from those that just provide a place to

sit Whtlte xSy sraBRHBSH S Thet TR ERtI AT BB AP BRDTHiy fanks 4 and &
profegtive aneratmasphere iy environment. As a vessel dives under

water, the ambient pressure of the water rises and begins to crush the

vessel. letmba@tlfhgfith@lﬁasrbé AGERESRPARABTREARBE 1A Ainthn{des passenger
”ea&gggea%m?{?fﬂ Rﬁ%%%ﬂ-%&%fegg%a\évgé%{?ﬁm%pﬁ?ﬁmgag QBRI Yines 31 and
can € made strong enoughto resist the pressure from the water at

deptiher corApeessed sarenribinasachim bibniqseedsurdeby altowirigitie
compartments to fill with. water. Wet hull su ines.hav,

compart TR IO e S g Ay S Gty Fora ental
dangereusfRBpagIendess tabssexpdhedidiiehviied aidept Cetdl to function as
climates and high pressures preventwet hyll submari from being able

o QU SGE SR WARer RULRERAT UL B dale o e hull 42
deliygegq slicestindodhia passengensinsieadhof ishiarthenpassengethe fuel cells 17
compartment. A vessel can also maintain ambient pressure by using

co nﬁ}bii&sféﬂt@'é%s\hlt%ﬂ1hé%)é’§§é]58&?ﬂ}‘)§ﬁqﬁibﬂ1§ .Sgﬁaé:@\glyi[%zmake use

of this typg-pf RASSEREEICBMRAS IREALIS LONAVEI Rt ORRAIRG AtdTepetliallast water
the bottorn of the passenger compartment. As the vessel goes 20deeper

UNCREMPATER Wt CBIES FPRYBIH N PRl N A sREsipEdsaE housed
in the HRRAL PAEQR B NS PARSERGEHRTPRTBEIN-exteriiNAMMIE ke of the surface

pressure dry.hull'is a type of passenger compartment that maintains
ambidhtigreksunerat deypdimsatpadseriger@ahiphirhentidieman witirgal ballast

Svrgté%%éiﬁ{m%%%%ﬂgﬁi}ﬁ st deierming ne amblent RIRSSI e hse to add

Ir Is added to the dry 25 compartment until the pressure equals
thababthecetetiornasstd hahomedi sutfreds (ibedvsaiciadsdetisakmpesed under water.

vessel asgend S'ntO\é\{%[)%ci:i; S Syriace R%rﬁgals; 6RMRIRAL REGSSHIE 19@&# HSA%quipment,

Any shape and reasonably gas-tight material can be used since the
presauseondhedatarior sinchextéridsoftbe, padsethgecoonpatingm help the vessel

ins. I I ' imi
_ ;enrr ﬁ’ﬂ‘ﬁgﬁ;ﬂﬁ%@u& ffé’@n@%g%%%eﬁsﬁrsg%%r PUIR ALASERINTIMIRELPY Ahke present

can carry ry power
invention. In many embodiments, the vessel comprises at least one ballast compartment,

at least one surface engine, at least one fuel cell, at least one alternator, at least one
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 nto 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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30 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*&ny of the passengers. 40

A pressure hull is built of strong materials and o f a proper shapeto
wittistamsk&iighsfigr d&s witheutcce mpressingadihecintenenafraprgssute pud| and they
is maintained at one atmosphere, even at depth. Pressure hulls are

usux yecr)‘?ﬁ’ﬁl ficaf oP %}5 g?iE%It, n‘ﬁ?ﬁ%% ' 5f €hstruction and cost of

vessels using presstia hvdls@aificatlehighe nibamttose Husing vtesmponents
types obp%s r compartments  The subject invention has a

seng _
palEh g MRBRE BRI VSIS BL wI R Bh AR rdP MET B RRdiments of the

provieiesispRes i, BassaResEsteRgsMBM Auing Bidiverdhe Hassendfhariment 20
com&gtment 1 may optionally host other supplies, such as scrubber

matelsalAHABLPE G YEHbRIEIMPONs RiF IS HIFRR R b B sHYEFGbFORENEnts are
Pas$eRES LMD IRER oS IRPAITRINALY:Alend dNeaieP AT IBSYesREl as the air

and is attached to a series of hard points on the . central. framework 8, on

thet@@;_iﬁa(éésﬁtﬂal 1D wwddnethelppér vodyyverksbs pretedndbly, or on a
combinatign, of them, e HASSERIE GOMRAHOE L MaYahE 598%@{%9rﬁ‘]5éments of

different points to allow it to be raised, lowered, moved forward, or move
reaivearessal difftoetht Sombodimessits: Fhigaidp aliiod sofdremiditipments to create a

ad ?éé@&%tﬁﬁe&%ﬁ'ﬁ%‘} I‘ng{;ﬁ)ge%g%&aﬁ I REY, quo&h@%%(lpe?%p gf%-f%ecomponents.

t
tank or surface hull setup. changes can be utilized to provide more
or [essthtabilityothreet yesbolboihspritced wad sulintergediponatéy of te vessel at

ac?&iﬁ"%gmgfsggﬁ §<)ed9 Dx;[' ojnt(ri]%i %glselpcggsrq:r:_gs t ﬁ rﬁgﬁ%Q ttﬂ' ryc?lyl bo%enfts and resist
adju ed to move vessel's center or gravity or f e vessel's center o
budlancissis pesined. tdrstifibreor poeseres pothhatessehnectednanianymbient-pressure

embodiments of the vessel, the passenger. compartment 1 mounts to S
i R e R R S SO O RARE R pressure
corhphiminticticaxambedinenttieabandd dre metak dscanaliessatiyaull pod is
e o.ﬁi_imentigtﬁve bands are composite material such as carbgn fiber. In a y
further aftd gty %nft?o&?ﬁﬂ%%ﬂh oRNES 8BRS EFE IERL A StngALeL Hroueh its
corpestiefivaterigiout airl Bomaey-AmMPOYIBERISIINEJIRSESNGE ¢ as interchangeable
comp rtme?&ll c?nt ins the Ia?est portion of the vessel's fixed
afhéobi

disméz%&lﬁ% . SE§eP PR PEotifprised rpsuBbli Hodp various
to aheriERM G Merotah velumenaf silpirked fixed displacemenh ofdiie batteries

vessel. In an embodiment, about 50% of the total volume of submerged )
fixedPEEHISEEhTENEISHbHOTRIERABYh e uh RSBREESRIPaRIRAfsDY disgpnnecting

empoeimRmisief dhesuRIesidryaRteRythe passenger compartment 1 is
located forward of the surface engine compartment 20. This forward

location hépB BT dHecalTARe Witgihe oA SRSy rigjptively small in
dur%?oﬂ'éﬂ?l&% e BHRESE %1@@“&@9&&91%1%@1} ents, the length of the vessel is

less than 35 feet. Ina further embodiment, the length of the vessel is less than 20 feet. In
yet a further embodiment, the length of the vessel is less than 10 feet.

[n many embodiments, the width of the vessel is less than 20 feet. In a further
embodiment, the width of the vessel 1s 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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41 trim stability of the vessel. The volume of water displaced by the
surface engine compartment 20 during a dive is significant relative to the
total volume of fixed displacement of the passenger compartment 1. In an
embodiment, the total volume of water dg&?aced by the surface engine

corhparernetoRb ZiRmgaRvand a9 BRSBTS PRkag Nt the
displacament A NERARSANARY, CAMBAIMEMHlooundB Y ARYAPT IO REh ds.

of passenger compartment may be used with the vessel of the present

invention. In an embodiment, a wet hull is used. In an alternative

em ggkrgeé}.tc%ﬂlag}m%g pressure dry hull is used. In a further alternative
emguém%rrr?‘p%ﬁ ure hull is used, such that the hull is constructed to
maintain dhssatrpespheperofionpressimparitiit ahgeHudHisaHeeggepide a place
submerged deep under water. Unlike exiti r [ -

e BT B e S ctive one
vesgeldspimanygrabodiments. Msteaskcihbvesegsimevnitirishs suipatapatsure of the
or module that is attached to the central framework 8, ar to another
ass‘@ﬁrn'ﬂ'l%sgﬁlﬁ\ﬁrg’ﬁ%}séogc DSt ’8&8%551 irP ﬁg%ﬁl{t@l}%%ﬁ r?g?ﬁ%g%ﬁ?scompmmem «n
locationaialative teather cobpoepentsnefdhbvessel, dSkhspregsucerhpditment can
passenger co_mpartmea% of the v%fsse! ma¥I ave an “%%ergf)(riigt lsize and
shapeMBARHICAS TN AITERN 16 BEFEYISS B ordinay Bkin iffine art. In

an embodimertcthapresse bubisssphetioelbimnilnvwitgrativeipartments to fill with
embodiment, the pressure hull is shaped as a cylindertw%tqlcgflrved e?ge%b are often
n AT D SRR e REYE PR O PSSR HP B artm EAtTs

shapad as askR.cxlindsr withiemisphereatendss 1o bedapoethiatimenisat depth.
the outside diameter may be in the range of about three feet to %b.out %9

foo(- AN RBORA BT NES BT HE URAEEh U HETBREQSaA RS EG o 20 very
fourjfeet, In&eia i enuaRsmeRtis ihe-tenaids & Hiederassedelntltimayagassengers

in the range of about six feet to about 24 feet. In certain embodiments, the

lendaterdiod irb $8iRe RATPERESSSAEBIESHAMartment is in the range of

about 12 feet 0. 2babolt 8 466hid hertassrie hulbohiigs@sspldsed gas within the

scalable, and as larger or smaller versions of the vessel are constructed, .
the m@gggp@iﬁgqpmys‘g@rgr@@yé@ BiHeq ase of tl?ﬁéyaﬁéggaﬂ%qﬁ]@ﬁl compartment 1s to

p-asﬁg%fl%{ @mg%&%%n%%%&mﬁ@}%gé@&lc@ﬂh‘ﬁ@fﬂﬁ%ﬂﬁ@@ﬂé%sml goes

carbon fiber, acrylic, or other strong material known to be capable of )
residtirgpthedompiessiveforeies WatspugiBRPERAs BAMGINAITGRBIesses N the

these malerials, i 6 1aIn 30 6mBARIRGRIs, the pressure hull comprises

i
viewing mcﬁows cons ructe%of transparent material. In many o
embodimentsavibgingueistduvis skl boristrbe eldpassagAicCam s iment that maintains

embodiment. ane Demisaheralnd oL e prasshiR AUl RGOl M anerior, and o

furtier embbdiment, both hemispherical ends of the pressure hull are

acrydinign ianisiternative nembidimehigpancsrual of the exipdrivalisegddehto the dry

of-the} e %ég{ Qlu ltliﬁl%cr%glscsh}'g %Q&EE‘8&?8%*?1?9%%#%1%9%%1@&@%% is used to

hull F€'EBRstGEEd 6 acr?/ IC.
release air as the vessel ascends toward the surface and the ambient pressure 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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In some embodiments of the invention, the pressure hull passenger
compartment is divided into subsections mated together with collars. In an
embodiment, a series of acrylic cylinders a#é joined together with

circular-shaped I-beams made of metal or carbon fiber with 0-ring gaskets

at the joinfs eqvidiigin igasitigiseak Hae-handsdsebtoesnge!t@ithstand high
pressure hull passenger compartment to the central frame assembly are

locEG OV IS CoRarantssiike ERThBURTERE R tRETATENTIBH, hgiatadprd at one

hullRRsSARBLE COMPAEME PLdIuHIRA RAINISHAR! SkBItIA! SULGIHERCM, ARY the time
embodiment, the pressure hull comprises a series of upright

reiRfoteBFHERE AMGBhTadleob i ERtElTatsErhpEdSHEtHNBY sirbavcfiByhigher than those
I-baams ane igpaiydinal synped:heams.nthe pressure hull is covered

with métal and acrylic sections. In many embodiments, the pressure

hull passefiesubdraparehtinh ket ed e aedepthnpiianisadt BOchdoyaes the controls
ceral iment e nent i
B Y B psssenger
hult passsnyeat ¢ongyarpnamtlis hate o teen tipptrenfsatieastBith feetakaral and pure
furthxer %m%)tﬁ{iggent, the pressure hull passenger compartment is rated to

a doeﬁﬁ of at least 1200 feet. In yet a further embodiment, the pressure

hull passdngendaniparimernt isthateid teraicdeptthof ptdsasicl SOthfpatr@fin 1 runs

many emhodiments, the passgnger co tment 1 comprises a hatch for

oot B LA AT BT E cBLAARE ThEA AT sy LA g on e
a leeking macbaniars, Anystiidiie ialcl andhatehnpipekinglyresadigaksembly, or
may be used In an embodiment, the hatch is hydraulically operated. In

emPRAFRBTREBH e rHIERio T8 EREBHERR R BAY DL BIpHEA i fferent

mepaliAd (ramevin thedniesian, whichE Heeddaonesal Saenhieitahrward in different
components of the passenger compartment 1. The frame includes

motiHbAGIBGHEs A AR Rt ibPR R AR PRRIImRMAN T apIdRE capacity

ang PRSI ELARAIS PHEOMRN IRIRKNL COMPONGPISTIR AR RIMBAAMERN utilized to

the pilot seating and control panel is located in the front of the passenger

coriigReneIc SnissasterBydmibaY ehelaabengBeedmdathiasigrd n water. To
COMPIISESHUUY LIRS HRJURHA M BEHR EMRRMNER R 80 move the

inside of the passenger compartment 1 also comprises a marine

sarfieatidrs devieofa foiletaides Tessohassatryer boaypastmedesireddy Higen or loosen
comprise.Qxygen tanks and carbon dioxide scrubber material. 43 The
passenger compartment 1 connects to other systems of the vessel

through hisi peneteatiorsmenteetaiheersadiriensissheghuliqrepretrationt mounts to
are josaied Inhelower Nl of e RassANger comASImENt b, Sandalt et 1.
submarine ?hrougﬁ-\f'nuﬁ‘ connectors, common‘ly known in the a%t, are used.

for sleetrisalj hyuratilichant arccaortdctdrs aif i S1passengbediment, the bands are
companment § fecelues electical pawer frpm, the elecical Systemafilie e some
vessel via the electrical connectors. The passenger compartmen

cornedissdie thetdxygenigrid-0f toanpestembheipassenger compartment 1

also conni‘icts to an %g rid for¢r1troduction of pressurized air. .Thii allows )
for pressufiZaAB SR NS RS aR TR AT T RS A A QU AN S RS TR portion
life SUBpPQE:SaW Erelnddp10BRRRAINERE thenassebePhrtment 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 ts
provided by the passenger compartment 1.

In embodiments of the subject invention, the passenger compartment 1 1s 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 maintainting the
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10compartment 1 connects to a low-pressure primary air grid. In some
embodiments of the invention, the passenger compartment 1 is climate
controlled via an air conditioning system in‘he interior. In certain
embodiments, the passenger compartment 1 comprises a dormant relief _
valvathatabiitopérito teesektefibe erionréntater ahsetatrstineihe tyelace engine
dormant relief 1 ve is located in the botto ign, of S
corPARAGHEY AL & Bibth et A G A e M Socge of fred
the dipplechody wiatksRgsdherdomantielief vaivenvithhpdicadyt bdofpen volume of
while the vessel is operating on the surface of the W ter and will t%/g'%%p%(y of the
be B FSRIARY LUNE SPHAGHVE M ) BRAOBEREA MG S GIVE Tob °
Cer@in | AMBrIe e iBs-ardising:-aRIabT erpasd Giset Dasipacesciithe
passenger compartment 1 20 operates as an ambient pressure hyll. l‘n

Cl . n
embodimeAEARPURINE EERTLR H ISR HEIBH REHIRBAP Bl Rg With i vessel of
pasgeNgRLSAMRAERENt 1iwithindhscaiase hull42rmieas thedormaat alternative

relief valve may be used to relieve any partial vacuum created within the
seaRschpdisae gt aphiparrrsR etsURY Bas)-daenitghst &'tEReH g frPodiment a
dormant, religfiyalus may RiIsAseive AP drRiiRLreNdenatiamwatesidiphere of

may build up in the passenger 25 compartment 1 from an air conditionin? S
systmsssrotitrisdurbellivddaithmmyeAifows s sehasen Wi wysedUnlike existing
without & compleiesaaldeing made whilg JpeypRsehis FRSNAING A8t e main body
surface of the water. Finally, the dormant relief valve may also allow for air

fronw Ethearegatinsuehyasnthedisvepre dusteads itnarysaurg hallisgreaapenspt or module
the DIANPIPSTIHE ALSIA0A B A0Re UAdURRH IR IBAISSANORL fora greater
compar{men% uring a dive for certain 3’0amb|_ent pressure Operations.
Thedeasserfiférdoilipyartrents abilityotatiresslative feorthene dovpprensgidhe vessel.
primary air.grid or high-pressure air stor [o RN vCgesT{aR=TaglolorlTogTCTatCI———
combined Jv%t%pfﬁgsag?%egg Telle egf\?& Ig o#éﬁg%eteral d"lg‘eeren life Fappropriate
suppt modespandfambiant prgsseiaoid operasionsodiotenacssiill An the art. In an
semi-closed or. open circuit breathing system may: be use . .
ves?&%gdé%’me gell 5t am fgr‘ﬁ%sps %s,esl,ucraé'(;Prnoaﬁ]eggﬁrﬁ]géﬁﬁegr%\?%ﬁ%nt’ the pressure
evendfiadhnsdoh:- el henetrativaworathedhull failure that allows for

water ingress, ambient pressurization can slow the leak and preyent water '
from risingelﬂ%w t?fé‘tf‘mog}ﬁﬂ%tistﬁ%e "Bene rlg%\li\é hside the IE)P aSanger Haped as a
companimentid adiiinalbsl ihelyessalrmakchdolactosdibeamipidsdiameter may be
divers suffering from the bends. Thjs is omplished lacing.the djver ..

i 140 DTS BAEER GEP SOk CRE A PRI AL A e diamete

appiInriaigedapthinthawaiefowheare thespassengedcoenpattrantsih tifehe pressure
pressunzed to ambient pressure. The vessel then sutrface‘% over the

peri@éllbffﬁ%%edﬁﬁlﬂﬁﬁﬁ’&%& thraal%B é}xdfggbtﬁg] &)8%?0%%6 %&%‘tam embodiments, the

embrAimest «Hae,RASTRNEEN GREAINERh Jaisilesignadfer usesimikango 12 feet to
a diving bell. The passenger compartment comprises a hatch on the lo

r .
portTo et EorRBARTAETES Bull 1 SR BOHHANTs DY e IR r versions
the haliast exbamst ¥alves A8t gratesewitimiye,prasssieriuhlcr.

passenger compartment. . This allows for the ballast exhaust valves 26 to

be closed rhapDEHIFF thel ASHERASR YRR AN AT IR Y stgih g uminum,
the l?mlll"i‘i%'in, car%m&,mlmﬁﬂﬁc@ﬂr@%kﬁé\liQl'rlgh’@@@fchﬂ'ﬁrbapable of resisting

amperage and other system components that could be harmful to the _
safethesfonerpssssefigersinetoratdepbuigetrenssng of BissonrgiBl n certain

| or can, Be isglatasl 43, RelNg QIR 6 1S RASRENEE N AAMRA WBRN ucted 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. Inan alternative
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201. In an embodiment, the passenger compartment 1 includes bilge
pumps that can be utilized to pump out any water in the compartment

while on the surface. The water iS pumped,gut by opening a valve that is
normally closed to protect the bilge circuit and passenger compartment 1

from RIesRIS %%taé?réﬂ%rfe%s dc‘%éié'}ﬁ‘ 25 "%ﬁc%?ﬂ”o%’lh%”%b&%{ﬂ’eeﬂﬁ1?fi£h§crync. In
present Invention, armor may be added 1o thé outside of the passenger

compahtmemirtal prewvid ehe rhiarcadgouotdatid i agaunsichid lefaayiother

weapons., The pressure. hull passen er compartment is already resistant

to small aTETIE Sh L S L O NS 0 8 TeaUS RENEEIEReH Spgpartment
shapéiMianyrab theberoliedi ments o thie:pasgesgricompar tendtiinent, a series of
described herejn 30 provide safety advantages over existing boats an

d
- suBfEHHEY I TR BRREPrRsive Mt SiSaret eBifpartiHBR I proviabgnetal or

greatebRReEHah o RRSERUSES: oM WaNe, AGtRmWhila dheessel 198Bands used
the surface. The passen%er compartment 1 can be fully sealed and can

maReOBREGH the REGRTE WY SaPISBECS SR AN (e ety thaking Assembly are

safgei-han, dhe waather. These life support systems also provide
additional safety in the event that the vessel sinks. If water gets in to the

passengel OIS EAHBMMTICHEM Y8 BN dere tBRECartAAnaTesREe compartment
thrgughshiltpaneteiion a-eufficientait PUBRImCAN EX IR LR RENASSEPASE: a series

compartment 1 for survival of the passengers until resurfacing because

theobyrst sty Etip g srags einge anedeinfiviscinies tiined! statabopeaibengider I-beams and
comparteih ﬁﬁﬂk‘ IRalY HIE RASSFLYEN SOPRALME AL TR GAYY, tions.
no co%tact WithL}[ e water while tijﬁ% vessel Is on the surface ]v%ﬁ?(ﬁlﬁieﬁgsﬁ%osec 118
prevent sWampingediwdoneaise hetipnsahitebiné pritshisiopemadsSufageated o a

el s Sals U T IR T s

Theymusarathentlis oatedoiher dipifbs dr ddmget 20 Cdery. thiem todhdivensisliment, the

SR AR A IR AR e
embodiment, the pressure hull passenger compartment is rated to a depth of at least 1200
feet. In yet a further embodiment, the pressure hull passenger compartment is rated to a
depth of at least 1500 feet.

In many embodiments, the passenger compartment 1 comprises a haich for
passengers to enter and exit the compartment. The hatch may also have a locking
mechanism. Any suitable hatch and hatch-locking mechanism may be used. In an
embodiment, the hatch is hydraulically operated.

In embodiments of the invention, the passenger compartment 1 comprises a metal
frame 1n the interior which is used to mount the internal components of the passenger
compartment 1. The frame includes mounting points and conduits for pilot controls and
instrumentation, pilot and passenger seats, and other interior componenis. 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 } comprises luxury automobile-
style interior. In certain embodiments, the inside of the passenger compartment 1 also

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

also comprise oxygen tanks and carbon dioxide scrubber material.
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15 protrudes above the water. Surface navigation is essentially
non-existent because of both the deep draft,and the lack of sufficient
power. The deep draft while surfaced reduces visibility above the water
and creates a huge amount of dra? which causes the vessel.t

|
speed and REdEER G GRBRABE GFERERG B SVR T TBRAC Tee! trough hul

Ve%{?ﬁ’eﬂfamﬁ@ resetdnventioniisdhe, irsthvasesleahieladivelYoamallistie ltover third
be fully capable of 20underwater operation and robust surface navigation.

The&ubfecioestion dRBIBIBI B shirfa RN 2SWHRH R RISHEILL Witk e o ectors.
the ﬁﬂ%%‘@'i&éﬁ%\{ﬁ%ﬁ@%ﬁ, QPeRtAGLR e euIfaceraline, shdasedoutediors. The
provides a significant amount of displacement while on the surface,
resphingiiviacshaoindrafl faciecyedser e pPypiciraxIbing St system of the
boa}i}élsr,]e \%gytheian?el?&%lirga%nés‘tﬁ%%%%%fa‘%g%ﬁs@%‘n@em&i‘lﬂfﬁ%g‘@ﬁ tf‘%d%@fs to the
half 615 cEhtral framework 8. In further em odiments, the surface hull
connagiandiratsliite thesphsEenperscompertnreriicor ko lteecapprsibiedy air grid for
works 37 or.both. In.embodiments of the. invention, f
Cor TR AT TALIAR Koot BELnbly 2 S 2y ek s bent and
vessgl empanentssudicasairdaiiksy(i3rl 4088)cor fuehcatiaifmmdhgafrissenger
embodiments, the surface hull 42 houses additional payjoad or 30cargo.
Thé%@r‘?ﬁ’&@lﬁlﬂflﬂfé’@ﬁﬁ?guﬁ‘?dbllﬂ%"%ﬁfsfgégg THGE a(T‘}(grgrﬁgéz{a‘rtment assembly
20 in manyemlediaitsncAts of (8 GaraibeRotinents; thenpurfacettul climate
42 possesses a series of hull gates 18 that can be o?ened, allowing for

f

the eapRIEhYEn T ALLERRBIME B SIS R EEEREY Tt the pilot so desires.

g.he Iuse Of[lffl%%ﬁgf?lpéamé@%hl@ﬁﬁ@%d@lg@ aifiepaitamauntismfrsaterdsrmant relief
isplacement while the vessel is on the surface of the watey, This provides .
lift ardvaIBASIORESERINE RIVEY GBI SHAfBly JHah ﬁﬁ@%Jr%‘?B& %ﬁ r¥ gpant relief

boay. Additigpally.ifhesusfass fulidrdsihe fissilire ohdalensaragrinshésior's seat
sinking of the vessel, having some characteristics similar to those of a

doutié- ottt stlrtaeeviaed FancaHyF eRiss ARF¥te iRe SurtiedHitpggeticl valve
prOt»ev%otr)ﬁ%g}m?rrb%rﬁﬁeW'WH?léhﬁve@&%%‘ i's%%?:’ﬂi MROIBRSANEIE of the water and will

t
water threats when the vessel is on the surface of the water.
typically be closed during a dive. The valve may be-opened during a dive for certain

emergencies or during certain normal circumstances if the passenger compartment 1
operates as an ambient pressure hull. In an embodiment, the valve exhaust is located
below the bottom of the passenger compartment 1 within the surface hwull 42 arca. The
dormant relief valve may be used to relieve any partial vacuum created within the sealed
passenger compartment, ensuring easy opening of a hatch. The dormant relief valve may
also serve as a drain for condensation water that may build up in the passenger
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 rid, 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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Additional payload or cargo may be housed in the surface hull 42 in
certain embodiments.. Any existing surface boat hull design may be
used as the surface hull 42 of the present 'ﬂvention. Different hull forms
can allow changes in overall surface buoyancy, underwater lifting

capability, surface speeds, sea-keeping performance, stahility, and fuel

AR N S S TAT B ATE ) GG g ey be used
cowbirhieidhe sifacebndtel ludingish RinsmelherglassoapaoMmposite/ent of a
material, Typical vessels capable of underwater operation usually use

a PO P AR AR QT Hshy L ita dBalcdits (b WasFipgfess, ambient

displasemanbiub/sdspiRcememdpitdisklaces WwalgramiNAHNes 9! height of the
moves. Displacement hulls require a relatively low power- 20to-weightratio

anRERE R 1SKicE B8 RaFRTILe! compaTiapnbinpddivionaba et mgnpe used to
huldSolinesa2ithe SUtaem bwbAdnomnaxistng fisplacamest Bﬁﬂiﬁaﬂy)é B% diverin
used. In certain embodimenits of the invention, a displacement hull with a _
shEMépPERRA S BuBS1asRaly: corvpe turfasrsid ik Swereserl doafaipiyropriate depth in
shalloy.dial inHsed. Fxamples of displacemans Blls At maxBe-HSRtksure. The
include the 25standard ship-style mono-hull, a catamaran form hull, and a
trirreassh fomrs ot eveethbodileé nf tonS mervvais eplerns o al owinprssion.
(SWATH]) dis ent hullis used. — Embodiments_using a .
displacer Al AR e b e At R RAIR T BB r s simitarto o
engineg B¢lhntile pasatiegswdaparenginecompatmbntR0mdie tovetqudion of the
ho&s)%p%wle{e% qguirement. 30Displacement hull vessels are limited in their
forward speed by drag and the length of the vessel. A ship of a given

length cahmotagg éasbed imantitsfbl spesdobe davisal lafithehwaveahetidrs thatlocated

it creates as it moves fo]t;ward, and the wave actiop is dﬁtermrine ABY
~within the pressure hull passénger compartment. This allows for the ballast exhaust

| vilves 26 to be closed manually in the' event that hydranlic failure occurs while purging =~

the ballast.

In many erabodiments, all electrical circuits of high amperage and other system
components that could be harmful to the safety of the passengers are located outside the
passenger compartment 1 or canbe isolated to bein g outside the passenger compartment
1.

In an embodiment, the passenger compartment 1 includes bilge pumps that can be
utilized to pump out any water in the compartment while on the surface. The water 1s
pumped out by opening a valve that is normally closed to protect the bilge circuit and
passenger compartment 1 from pressure or water ingress during a dive.

In an embodiment of the present invention, armor may be added to the outside of
the passenger compartment to provide enhanced 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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by the length of the vessel. A displacement hull vessel attempting to
exceed its hull speed will push up on a bow wave. In order to achieve
a speed higher than the hull speed, other fdrces must be used.
Hydrodynamic lift, resulting from a vessel's motion can be used to surpass

the ieat ke dhese HyBIPRaRIMSHMSE TR 1HE horakHd YR Yissysnt that the
10 MR PSS frantAen WIS fROlACIe AR IR HONIOh A BAUIDE due (o the
moves forward. With sufficient thrust from the engines and a proper hull
desigrija Vedesl chn dehineha HigsiriaricncughEnmlatropubble can exist in the
hydrodynamic lift to. ride up [ j

o S B o B B A S G Wi e
pushingttitionghrthe istfacecdsd Ghwithweedigpldcemtiet hudbeRigmingmpartment 1.
allows for significant increases in a vessel's speged, because the vessel is :
o BB THIREA B SR SRR S, SRS T Iod S g ter vhile
thp mesaekis lifedieusofthewrater icampanadwiths e digplacéneantvenk action while
Planing hulls allow vessels to achieve much greater speeds while
Iowgm%ﬁﬂélﬁﬁi?ﬁﬁ]ad capacity and fuel efficiency. 15In many ,
embodiments, a planing hull is used as the surface hull 42. Any existing

planing hull design may be used. In certain embodiments of the invention,

a péh&%im hHWith.a substantially flat underside, a curved bow, and a flat
transom istigschi Thia IRlaring diphsessimesiariigh powerid hueightdativdger or non-
achieve planing through hydrodynamic lift. In many embodiments, the .
ves§élsf§1€d}?éilﬁé“@flégﬂi89ﬁf¢]1§ Pfa%@f%ﬁQlféhs%?fhﬂ??&b&%@é’a& Qenother ships

over,20-milesPerioule N eestain SorRodRENSHE Mesaallis capalle plessure hull
achieving speeds during surface operation of at least 30 miles per hour. |

othéyripabydifens; thedreseiad dababdpeichiESiig Spus ey aid top deck
surfaee QRS AHOR: ffal 8@ s Bl es RERdRNE dadRAN B RALAGIBRM A s: of both

vessel Is capable of achieving speeds cTuring surface operation of at least

60 rihitedepprdrftirngdsiry fiskiofesdéici iRt tof tindern dtaftopbiaiiaed reduces
the WE%]Q@Q\%B@@ 10 hgaVYn 29 darges RllJARARRIPWr IR ADEWHRLBIOMNRE the vessel to

surfaced, @nd/or have too little power to achieve any significant amount of
hydtostysreaedcalift whilsasriatgs suravdsoriipReyEtE e PriarithvErisrsse! of the

IS thﬁé&%ﬁh"%%ﬁ @C?gr{%aﬁ?& 3, presisyre-ull o, UndarptergPsEatian capable of
eo The

that'is also capa of using a planing hull. 30 Ballast System
vesseliofthesupiedidnvedtiohusasw bedlasygateim that allows it to

operate boh w1 SYRSTIS ARGNDEN ARIDR SR AT 16 WAEE: TR the water

ballast system
while the vessel is operating on the surface. The surface hull 42 provides a significant

amount of displacement while on the surface, resulting in a shallow draft for the vessel
like a typical existing surface boat. In many embodiments, the surface hull 42 is mounted
to the lower half of a central framework 8. In further embodiments, the surface hull
connects directly to the passenger compartment 1 or to the upper body works 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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comprises the main ballast system, the trim ballast system, and
semi-controllable ballast zones that can be partially controlled when the
vessel is on the surface of the water. MaingBallast System 5The main
ballast system is typically a staged system of fully-controllable ballast

compartmgats,.oh ballaRL A0S, tmashﬁamql1&@9&@%&&%9@&%&%&@«@5 18 that

the vessel to surface and rise above the waterline, to submerge, and to
attawi heanerssrallovoyarey Brdbsisecaumhceearpbmahs ballast lay rengmed if the
PJ{%%Sd Egst one, but preferably a plurality of hull gates 18 on the
rS|de 0 vessel. The hull gates 18 are ports that 10 can open to
aIIow watéhto evtteponexitrthes systerd? alrmipﬂhmmwrsiglrﬁe:amatemﬁgm tof water
Se%'lstq%c Ste[n Wﬁﬂ %gsrsgﬂggn\{l\{e s%gff lows, Elﬂrougt%lt 1hs %Fc\:s 1]T§and allows
from raV| Or air pressure. e vessel may op o
mcﬂhﬂereasrau mophh9 o pxmypsﬁyﬂmﬁtefad:ﬂxelemymﬂae ilofmﬁ bmtemmdiﬂmghlly, the

OB i ST IR B Ry SR BB B hine some

inveimiteneeaads Rt igate, IBocoanedistilcougea airpetociael main internal
ballast 2. The main internal ballast 2 is often lgcated entirely within the

surface hiN B3 SRS YHELR) Sl BCCORs L] R TN THbeP BEiRgsps within the vessel

COmPAHNRNSad0 AR BRARGINeREHReHBA R DalRAllash heanMNiseSthe water.
four ballast co Xt)artments two forward, and two aft, which fill

sintiHeB I PRE PSR RGOSt e sERe ol L bMp SR g bodiments.
are separaigdwithipdhg mainniamnaeaiashaas tkdater s Walls-an8 42 of the

sealed with ballast liners 28. The ballast liners 28 provide a gas-tight seal

andEsaYyt heYavhige of X ffkirab ke PlEstis srateliaw Eawtees AovREh sl Bedrizoyancy,
COW@]&%‘%&B%&%@ 4&@&§99§§%@8ﬁé%éﬁ%rﬁﬂ%&%&%@rand fual
grid, through which air maybe introduced into the corfipartment. In an

emtfbdinelit, Aarrpranpiitermaldallastedapastmenbisiesd sealwdtonlyihe surface -

on S looding

serﬁ%é%?rlgﬁlgg gﬁlﬁ ngl%éone I?IQ ﬁ@ tfn]\s(‘iv?rg Iéﬁgﬁk cf% tﬁlg&l%%rlor of the

surface h&MZawwmlls'mhlcomnmergm@stm] el aiteradibpgacement hull.
ch ma| intern aII astco ent, |s complete aled _

o S B R R e

18 dﬁagjawnpvﬁ&anm/tbpwemllwbeaasﬁﬁmﬁnaﬂnemﬁalﬁsthaqﬁihmg efBethe low power-

baI ast comtpartments t(lith W, f In an embodiment of the invention,

the (r)n‘gFrll ernal ballds \ﬁ’?p]al men gcﬁ%)wc}’e space for the location of

modular s&sﬁmﬁomﬁmmmmtwbldhp%yrbmaﬁdﬂﬁhmrséémmmdlﬂﬂmnﬂmgz. Any
on the desi ed configu of the vessel. The co tEi:)m'[_[’rlz?ents maybe 49
Y

RGBT GRETIGR BT IBIOTe (6 Mol ESHARLABIIEH THEP Lo BR higntion.

to tiiephgbnpiasSsulievathGIage blow-DEassiuiaiBINany ad nQMesFeNe 3ikm, and a
ambient- Eressure air.compensation, electric, hydraulic, and/or fuel grids.

In ACrBAtHahe s brage i Epiacensa) SRk e AR 1ude the

maimidtahsibaliast eampadmenisaAdeiigpahmadulad GOMRARENESHA hull. n an
further embodiments can mclude battery bank ods fuel cells 17, or any

oth&PROMHBEHe ACIRA B aigTB R dust e (SR eherssanr vl is used.
submersignped: aethalisnhargnibewateriight and:presswaresisi@niave smaller

In many embodiments of the invention, each main internal ballast
corfighitthengewindtiend a @a"ra@gp@mfmg FrREMmexeemiibaRas0 due to a lower

COMPRETBGAL foHRLGR,A Pea trap 44.

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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‘conti@tts
. pressure CprgapsaiRgddwMayses infradtieedinichtpeaenspastmeritibr lowering the

10Each pea trap 44 comprises a connective pipe that exits the main

internal ballast compartment at the top, arc%]{g upward through the main
ballast valve 27, and downward into the bottom of the main external

ballast compartment 7: The pea trap 44 f the ballast t te i
ceriodadox B TReRTAToA sp B RIBE PR FRAELGTRIBE TiF Setdpdl speed

the WatshdA iPyedIgusdniga main external ballaet compartment 7. 15In
certain embodimentS.of the inv en ti en, the main external ballast

comprisesiusdseiaentisasnarks eberskardbedo st SialtsaRICTTe! e used
arel*%éﬁﬁmﬁfcq l‘fﬂ?l%@lﬂﬂ&% afpward.and aftcamparment «J fephaie hull speed.

exte ast compartments 7 are completely sealed on all sides. The
main e tehyeimad st Qosipapmbeieders peérerariy ARsFemp badaghen watcr

andc%@%%%‘gfﬁigg'} t@e?%o%atgfo%% %%%da\gwgégi%R@Q@Wﬁﬁ@?&f@ﬁﬁ%ﬁom the

20tight 'seal”In certain embodiments, the side tanks 15 may be attached

to thegiessehdvitpropdy thdltdethenebyvfasilltatingahgs e hargjehealifycrtygh amount of
size, material, co rtment size, a xact location o ide B i
m ai}lxlgéf)y(?&lé%ﬁéﬂrﬁ} dE%P & 1’1&% up on %p (ggtgno%oﬁgtho%%'@e iﬁ%ﬁlﬁf'féz ﬂ%ﬁé@ simuilar to

g on the“configu e .vessel. Each main
extekigbinallasbeothpantiientik connetsaogpextdastvhive beowkichosurface, as

exits the tank through an exhaust pgrt 21 that allows th ] T
o 208 QSRS v B e L et o B g secd.
may&eiiseltidedtissidedheorybhalistiporbg IttchalcplerhtOtheipakgingiofmaized since

from the system. Each maip external ballast compartment 7. further
b VSl Ao o RS P RS tnfeuigh R, et Pl

rougn wnic

exhausted, 30 or through which pressurized air may be added to purge
the E&ﬁ@‘%?ﬂ?@’étbﬂmﬁgw Bféféﬁ’ll;%f pumps may optionally be included
at the bottegnohihenmainexiernal hallasheompastiaenis stitademole2. Any existing
additional water as needed. 50 In an alternative empodiment of the

el 6B R DS 559 ol EGHEIH R TSP QL URCer ¥ plaving bl
resigiRRhL 9, REESIIIG AR AALFEABIHRGRERBSHE SRINBPANGAtIIM is used. This planing

hull requires a high power-to-weight ratio to achieve planing through hydrodynamic lift.

. In many embodiments, the vessel is capable of achieving surface operation at high
speeds, well over 20 miles per hour. In certain embodiments, the vessel is capable of
achieving speeds during surface ‘operation of at least 30 miles per hour. In other
embodiments, the vessel is capable of achieving speeds. during surface operation of at
least 40 miles per hour, In further embodiment, the vessel is capable of achieving speeds
during surface operation of at least.60 miles per hour.

Typical vessels capable of underwater operation are the wrong shape, too heavy,
too large, sit far too low in the 'wéter when surfaced, and/or have too little 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 1t to operate

both when submerged and when on the surface of the water. The ballast system
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In a further alternative embodiment of the invention, no connection exists
5between the main internal and main external ballast compartments 7.
Instead, each ballast compartment separagly fills via its own hull gate 18
and purges via its own exhaust valve 26. In a further alternative

e”&@ﬁ%ﬂ%@ﬂhmﬁéﬁﬂ{ﬁ 109 S}RMARYIASH GRRIHNE AT s<RIYoMSINAte ballast

ballast is used, which can be designed to flood in seriés or

sWWééﬁﬁW beqArtiniveoaetskivecarfisodispelnso wlre pifeardhe water.
gas-tight structural boxes or airbags may be used in the internal or

external ballast compartments. When embodiments of the vessel of
théﬁb@i&ﬂjﬂm&ﬁmm are operating on the surface of the water, the main

ballast sysfem is ful or substantially py water and-is seal cf
cgains 10 AR g TR R B8 ALl I gt blls

ancuaipifmbatiqa st mtmntvahzeﬁmmmam«tlmsadmdbc@mahnw&tm dﬁﬁwmewessel to

eX|ts he main ball ?sts (??m howev r, may. be use b .

make %&ﬂﬁn{?ﬁ@ %"Fhif?rh’%’?‘ré &'Craft 1ol “‘tﬁ‘&a futt “cﬂe%ﬁw ‘“rfm HOYAHES

amedeisief waieteviaithe hulhgailssl Syaameededises atnepbedinmantedtrably a
prior to the submersijon. of the vessel frorﬁ%aga?ve the_surface

Eg%ﬁwﬁ% Biitrgetesd B dse BRREIAEROUIA o tsbrtoAh YT BrifngRAR ports that

preaf0peive ansskwthernulbgries: 18iane:epaoed aRUtiRe: BXBaUs salMes-tight to
26 and the main ballast valves 27 remain closed. Water flows into the

ma%ﬁ?b@ﬁa%é’?‘@&?ﬁb%‘nﬁ‘{éﬁ%eﬁ%udﬁ Ak ereetyrg et iy, it 2airnds fipméhe cffect
COBMAAMEBE RecAUsa e ComRTass e dsids wtilthe ioiss qwﬁﬁgn%ysmm

the air pressure causes the water to stop enterlng the compartment. In an

enibaergieistohthdpredertmvbinish, thitgaresddmaIchubimepsipsh pump systems
Proges AR nMiE SRS esseLEANSIHANS £ SHEf@Ge operation into

submarine operaticn, the main ballast system floods in series. Water is
allowed tdnemesrythebadlasespseé rhasvatnll gagesul aatalf eparectndrough a

Dol e AT Rl AER ST ARd AUt YalNGs BBate PRMRcarca cuirely

air to purge fr e system. In alternative embodiments, t
vesséiimdng snmﬁapclhe‘b@qfslancb&sebxwmﬁaa&tmammtbatmst "nmpdrtmuntq

DO RN on 30 MRS O st e PRI s o

ows In throtig gafes present, throtgh a
systemyranrddntocthd intdinkalfiblast tarepatynents. Asiie mamtlnterrmhe ballast
ballast compartments fill, t

air. es s throu ea tra 4
B b FoaHBAAS e o L st PR e wells and
comptmemtsaliaantr@d 8. The ballast liners 28 provide a gas-tight seal and rnay be

made of a durable plastic material. Each main internal ballast compartment is connected
by a'gas-tight connection to the emergency air grid, through which air may be introduced
into the compartment. Tn 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 batlast zone in the lower part of the isterior of the surface huil 42, which fills
via common hull gates 18. In an altemative 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 mvention, 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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through the open exhaust valves 26 and exhaust ports 21. Once the main

internal ballast compartments are completely, filled with water and purged

of air, the water flows through the arc of each pea trap 44, through the

main ballast valve 27, and into the bottom of the main external ballast .
co n%%?{ﬁ%‘?%))?S%E%E*a?R“&FéPﬁ%f%ﬁﬁgﬁ EOPBEIEH ML S EBRHRLS {8 the Mieh-
fill yrtibibe: vassebsigbmergpscandd eachesynear-aatisahbuajaneybibhth@essure air
point that near-neutral buoyancy is attained, the main ballast valves 27 .

and HBRSRARRIRRGEE B4R KB 0 A 4 Six BLAD ST BR SRt storage

maifedernal hainshcppRaatmRALS theAMEHRIMAN URIBMEQHMeRists. Additional
wherein the internal and external ballast compartments are not connected,

the 'afaduTRssRRORE By B I kel spesmy s HinPrbegatagkam dhdue cells 17,
valvgs IheHmaippiGing hallash s e prREMANS Ik 9aES A aBekahausbmersion
valves 26 are opened first and the compartments are completely filled.
Thepesiamtiat dmplartentinte e tisdh spbpedsarvl title@intil near-neutral

buoyan_c y }E‘B%Q{?\é J&%ﬂ? 3‘?%4 qn%ﬁﬁ%eéﬁa%m? I?Ién‘{%? B‘iﬁﬁﬁ chomp artment

vessel is submerged underwater, the hull gates 15 18 remain open to the
watepnNaither thepesppdistaminekthmeabdellast tampagmeniélifpegh efpea trap 44.

the embodiment. The main.internal ballast ca enis.r in. .

o s B RS YR IR a0 intemat batlas
to atougbarneaatio tin:tle, maingxiernal thatlagh dempantmaBadsvalrerAdjasd downward
constant unless deliberately varied by the pilot operating.the vessel. As

e UL LR R O DI AR SNy AL AR L it SolE A fores h
via thgladt grichecnaactaietpadhe mainisdatiidDalastepgihgnnecsssanypletely fill
to pregsure compensate them. The ambient pressure compensation

maiRFATE %h%‘gﬁ%&aﬁéﬁméqw &%aga%ﬁiﬁawﬁfﬂ&ﬁf&a%t QB ment 7.

Although ajkiseadiirands dhgedepibincieasesnithanisinechaadaimibeomprises two
volume of the air present in the compartment due to 1.compression. No

pre€¥FEabiRRakEdR i raiGtirod it that e heaHel Biasrghugdey divided into 2

25remainRicamprels e fnitTnalgkin cx thhRIMIOdIMMS LfthEts 7 are completely

invention, during the normal surfacing process, water is pu[[ged from the
S

s PEiSiak!y inherently
processrtheuthgates 8 [Rnain onepie AHoWAISIAEXHIRG SYSISS for a gas-

The main ballast valve %4% In the pea trap 44 arc is opened. Air is injected
intottebirrrih éxteaiizin3mwbafiuseesnipamdeticky Wathebsipgihed soche vessel with
internal ballast 2. The water fldoding into the main internal ballast 2 from

the andlisexteloatioallishesidparthe hfs17dx tarn gapshd ghenibaiaoinfegwation of the
57 bvaeljsggf water out through the hull gates 18. After the main external

ballast is completely purged of ballast water and filled with air, the air

purges the pea trayx44 tofnaidiel @ ddive maisinfermal doad lastneatenbegihs 26 which
to purge thro the hull gates 18. In certain,emhodiments, pumps ar .
oot TS B o tae A IO R LR gt e e
2 is substafiiillyipurged ofivateriapthfibechwitts ain dhieshall Fgates b8 included inside

close. Any remaining water is pumped out. Or%qe_t 1e main ballast tem.
s Tl SO PRI AT AASIBLTYARE 37 SOl S Uadcgain extorna
are glased ARheRYStEMrifcae¢aiheaRRes 1041 SAVHRITIEM 1o the air grids through

which pressure compensating air may be introduced into the compartment or exhausted,

- congg %rolpé','-%lqé.p& cWﬁ‘ﬁﬁﬁg%t\éi%ﬁc g@%]‘i@p ’f‘hAé @ﬁg, H%Qetxt?ﬁfr@@l%artmem size,

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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10Trim Ballast System The main ballast system can be supplemented
by a trim ballast system, which comprises a series of smaller ballast
compartments used to adjust the attitude Q trim of the vessel. In many
embodiments of the present invention, two forward trim ballast
compartments 3 are located forward of the main external ballast
compartniars 7 A Lo EAH O et g bl G Blids con b
systermroompagmesiseseecaied aftiaartheouppssedyndorks 3¢qpattignpressure
of the vessel, one port and one starboard. In an embodiment, at least two

trifP RSt P npartments 3 are located within each side tank 15. In many
embodimpnts, the¢rirmiRalast casimatifientsnalyde wiahdity tankshddien exists
size and material of the stabiligl tanks 4 may vary depending on the

cORFIGUREAHF dR tie B URAserd R 3 {aBIRt PARRS P ERRHR TR d tolatigRd. each
stapififkiBinga Sy RERRSRN Pracess isth&CyaNtdhat eareniaads Atits own
contemplated to be carried on the upper portion of the vessel. Larger
stebligtarky48may also be used with increased payload.  In many

embodi MENtSy, Hh%&ﬁ?%ﬂ%@é‘éﬁﬁﬁoﬁﬁ#%rﬁﬁﬁé% gl‘y}l% gQ@?ﬁLﬂ%ﬂﬁ%@ﬁﬁlents 7.
from the surface of the water to a submerged state. As the vessel sinks,
andinsyABteantdrbiy iavsydanchodnten bf destyraddy Beedmeegsalr shpultancously.
stability tan emain just above.the ine. In | 0t that | _
vesselpei e T SR S SR A SRS Wl b or
enterbtis waer-amddnovide wdditiboed:displbetrentothpsrstailizing the

vessel ang,inhibiting rollover. In,embodiments of the, invention, the trim ..

ot oy LB AR o L AR S Bl Et: STt on the
gasttifflat: difi tatteratatiVeeamio dirtiesttsyiem iifin hatiasttsysterm ly purged of water and
compariments 3 may be lined with dprgﬁl lastic ballast liners 28 to . (
R R o O YAt S Gt T IR AP AL closd, and l
invieq1tignseaeh b atiast damkseonNects 0 eapliiei@ophyadithcafystem. The main
pumps) and valve system that draws water from a semi-controllable .
baﬁéﬁ?%&‘@%ﬁ‘ﬁ&vﬁ{aﬁ}‘ﬁ%l%?dbséﬁs ‘fbr%iw@b%wﬁ%@n%sP#ah%%&la& through
degireshbMitiopperAlian AldheopwaR systamnHashdsTebadlaskde:d.
compartment 3 is further connected via a 5 ?f?s-tight connection to the air

grids, thrdBGRIRAER-HE AP DR TRRDBR B HEHRERBRTRRMERE gFssel from above

exiausied RINEdedHe RressHIe HRMRLNSALR thSlanke Yelt-IQNcE. WAlREg the pie-
out of the compartments. In embodiments of the invention, during

sudivedispkofithBWesuiss Heteprpamthdtidkesirbent belvkietfta ddhfovain ballast
absqlyte Fm-anshngsteal bioyangyAiehiheenain Ballast JhRYSIRMIS through the
used to reach near-neutral buoyancy. While the vessel is completely _
subbptergéaranisyiint baliaet BlidhkemcopapartmidsesBedhe GarfediT sk inside until
WAL 10: AU VOIS A RS fieerd AGNAR D on ALIEMAMAL mpartment.
water from the pumps, and the addition or removal of air from the air grl_oﬁ

This procéssrisbntioiient bfitteeppiton bittiatvas detite dajust thel stibmarsbn process
neutral bugyancy qf the vessel as desired, trin; b 1I ) [ o

co T B R AR A, he
adjostase syoédrifinolls theeresseWitessarith thd tutside thmbidhaspressures the hull
rises,tair] added 1o the tr bt ”%St o Oarﬁggi:t JalEs Qecz?nscﬁg%égst valves 26 are
pre%%ﬁsre 6%%%%50 B via the air grid connectipn.

opened, allowing air to purge from the system. In alternative embodiments, the vesset

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



In an alternative embodiment of the vessel, the trim ballast tanks may be
20constructed as pressure vessels which \Q/?uld not need pressure
compensation. Semi-controllable Ballast Zones In certain
embodiments of the invention, the vesse] comprise§ at least one .

ac il GisrAREBRHBIS I AT AG P& SN Tenlait S SUBSRIAR ' 21!

whilgthednraessel dsaprialing ien he sufacadpicempleielidioadswith through
water when the vessel is submerged under water. Because these zones

rerfisisaeitneadrin Bhrilept ety maimbaieah BidATrasddReAbaRtam of the
In many smhadiments; thesenicpntrollapie halastzenss hayRtdeashriments 7
60% of their total volume free of water while the vessel is operating on the

surfausnPréfefdblytiteasewshsbrmmaetond veahie RetfereBrdtyancy. At the
during, B.sHiace, aReIPHON, MAe RIEIRIADU IR IEASLARY AlVBeR 0. cxhaust
vollime is'free of water durl gs rface operation. Even more preferably, at

leagh#5902f theirctoi_;adiymiaqnpm;s fﬁrefamf waltemduringisrfdbe operagiggmal ballast
?ﬁ&gmp%%@%ﬁgs? Eg %Jg?ﬁ%%ti%e?fhr?rg%% égﬁlkae%lte%pv‘;ﬁé?gﬁtnzt Qﬁn?e%% rf%'ﬁ%%senaal ballast

partm n-an embodiment, this zone fills an

. drajasnyiatmenrneeiioncanthetbiylligaiat i@ ihatinderies tetmamédtereahg of huil

10

" veSImReEIR R IRER BEFE S aRtnE gl dnt

15

20.

© pump 19 S FSER D RABHRESIS AR DTSN DPIRER

ballast compartments. in an alternative, embodiment, this zone-fills o

purdEN RECOURN Fral SRGETBITHRETR) 1 GRS TROHHETS” DU e and exhaust

sempjirentrgllable halksthizanss mayephenalbnisclidectplowepy dilpdiralibg external -

of pumps 19 to aid in filling and purging. In ai_r embodiment, when the . d th
JERILERL BHRBtE S i 4y od- then

zongRLurrounding the surface engine compartment 20 purges water via

a one-way lower flapper valve. In embodiments |.nc|ud|ng£§#§%%fh%% hull gates

Wate§. oimail A EMbRdiment, Resead ko plaitahadallastrereAusueh @8 active, if
a semi-controllable ballast freeboard zone, is located in the upper bod

workes 3Tt pbetionhsidiseeresddie Tt dRyEr HEHIRE ARTBRIE SRS completely
the freebogrd zone is pibsiaotialy eAciaseslomad i8eReXeRiRSIume ratio in the

bottom (which is open to the semi-controllable ballast area surrounding-
15 theisuxfmeaahailiet compaitmeatty] ysreobstiogany solrserldicaptbuniried by the

of Waf&rJf;%Fﬁr}%@ﬁ{g%LQ&ZR@%@ UEngsiiace aparati Sk &N fW¥ssure rises, air

drafh exit ng the lower side of the freeboard zone allows water to exit

- duringetidecswitadingeprgodssoandiiingte Stermaiibaxthiabhallastsepgipartments. 7 as

.25

30

one-way e
_opetiationidMidirtireri2@bssetismmabmentied dinder Mihonghafieelsisdpg the depth

am%‘é(r:]égsg}; N8 terreggu%g E:%rn\{\f)greﬂs:]agg ﬁl(\ﬂ/l%ssﬁjlé) B%[)%%% s@ﬁeﬁé&%ﬁmﬁ maintains

in resides abo e waterline during typical surface

zone compleichy oo i . CONRECIOn 0 G loie Sl TSl mnt due

surrounding the surface engine compartment 20, an the

© air purgessponevaseiiappesviabrestith anrtieitep .ithemthe wessel ballast 2, as it

is-on the surface of#hﬁ,vlv er, }he freeboard zone provides freeboard
disgEBaRR R RIS AL G 84 ¥ flacing elle’: being submerged, as the
vessel risef, thebdaeebearofzbamrisator shbigeitbevratel diméaind pvatess, water is

escapes through the drains and thro c%uhel hull gates vh’;l\ the conneetion  cion
to tRVIBHCF S BIRIGTABIE HaiBaidaHg, the systent n thereverseio

process. The hull gates 18 remain open to allow water to exit the system. The main
balldst valve 27 in the pea trap 44 arc is opened. Alr is'injected into the main external
ballast compartments 7 via the air grid system connector, pushing the water out via the
* peatrap 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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In alternative embodiments, the freeboard zone may utilize decking with

small gaps on the top to allow air to escape during a dive, instead of the
one-way flapper valves. 30Additional Ballagh System Features The

amount of ballast used in the vessel will vary depending on the
embedineatand:ilbderand.an seversd fackrshingiiging Jhe 105 AMOM i pletety
of weight that will be inCluded in the vessel. In many embodiments the
combigrstovbhiing whish 4oily31188 wohtrotlabtebaliastscbenpartrae dtbodfehier and the

vessel is from ximately 125% to approximately 315% of the vqlym .
o T e A Bz h R el TR dE ™ corai
vesseiothmaensmpodimerd ofdliednveptipelheatontivimedh & alsmeenof theathe main
fully-Controllable ballast compartments, is roxi ly 200% of the

VORISERDY HRL el PR AL RIGHE bl GRS bt eates 18
Adelisignallyy irrmany embedinpenipethe.coningd valdmaiatalstem is fully purged
fully-controllable ballast compartments of the vessel should be from _
apPoXitiTatdly U8 RAUpDr iR G oS 620 FBRARS Gt aifrigesystem is

displasermppofdhe vassekitan embodiment, the combined volume of all
fully- controllable ballast compartments is approximately 100% of the total

volume of surface 10displacement. . The ballast system of the vessel a
thersiRiggtiHyentieR, only needs air pressure and gravity to substantially
fill or purge the system of water. If an embodiment includes pumps and/or

exhaust faks, THenRalkest system som BeiFspdemiedHey suwips s system, which
- thapstiansdal Winenmine huesselinaihray {f@é‘&&&ﬁ}&%&ﬁ&tm@iﬁ trim of

pocket 15trapped in the main ballast system provides a deégree o _
protectiemeb the Vesyembpthecaieafithat nrsdiingarsis1.8tetickooperd ¢rim ballast

evg&i{&ma{{é@@r@%l:é_t%mwwaggﬁ s vessel il ngh sink,, &%A%%Eﬁy 7. within

the air remains trapped inside the ballast compartments. Water, can on
entacthsolsghnthéShullyvgatesid@ol snsufatetyitd? roptprgin:ars amdbemted aft 02

suficientia sompress ne Al insidming compariment, nee e Al oy, 1o an
pressure’in the 20.compartment equals the force of the water pushing in,
thezwessbhwilt, stalbiliz evandire mdinsondive surate 3 are Ibhatbhlkasiiaysienide tank

alsp allows the vessel to right itself jf it becomes inverted on the surface.

T A L S P L A e BB B ks 4 The
vessel isdipsigedomnondhieisuHace 4 he sysieepwidifloed ind eyehis@ration of the
with the exhaust ports 25 allowing water into the main external ballast

coMfipaFtmeHE 7S HitH Hitirh oot thiehiamifitahilipisiiist the submersior process

COTRRAH RN ThAVEBiEERRARING Hom-the htd ales & QRae g p¥esstion of the
submerges, the vessel's center of gravity-will be above its center of

budsysisdy [eaeRsisghtltty itk H s s tobratsss Yo thdnesrmaed badater ,
orientation, The,pilghsamiaRsniiate g 3y rianitaPrRESSEBNGECHINQsel as it

the surface in the proper orientation.
transitions from the surface of the water to a submerged state. As the vessel sinks, and its

center of gravity and center of buoyancy become equal, the stability tanks 4 remain just
above the water line. In the event that the vessel begins to.roll, the stability tank 4 on the
low side of the craft will enter the 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 {rim ballast
system compartments 3 may be lined with durable plastic ballast liners 28 o provide a

gas-tight seal.
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30 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 pdssengebodimpattridnt dreventibvenshede®d sina finBastiipk connects to a
water, the reserve bugyancy.in the main ' iclentta: ..

o G AR 6 U AL e S eaEn it R ieontroleble
poskivaduoyancyaitherteith addtiaughadneomain imarnal trailastd as desired by the
compartments are typically completely fi I?Tﬂ 5 with water when.the vessel .

o SEBTTGER 7 BT b THERT o LR Qany O o cted viaa
to fRHM PR SRMS-60uHCR ahbuayariay, withayhtheassistameg ot theroduced into the
electrical or hydraulic system or an air grid, such as the low-pressure

orinSARPATFRE BF OIS e SSEE S BIESE BRIPRR TG e [k O o force water

embegdispants othspefelfaps 44 prevent air from escaping from the main
internal ballast 2 even in the event of valve failure or a 10 breach of the

connecting'hsaIRQSkBRAE Dltadrvatipa a7 PR iRt s Hoptgbdilgyim batlast
is Pasiue, A0G HOGSAAL NI BR ANAGARhNEIA BRI BEY,RICYTIcdS the main ballast

redundant to the low-pressure primary air grid, if present. In embodiment

. S
withosteanlow-predsierarenplymeatredbrynEpar grt iifetindsit o templetely

‘ hig@’l% GorpllE EL‘HeSmE‘?Igl‘?aﬁﬁigi ég@féﬁl %59@1@%%05% QIGFLliGn their water-to-air

hydraulic, and low-pressure primary air (or high-pressure air storage)
gridsclEmvilatiavs needétbirondnpiddis abiityd A A e }”F@%%Vdﬂumps, and the
buoxg&%n%oonbl[él Ling gfgf‘ﬁ:‘%{gﬁ] the Srdage TN SeHRIREIRARIBIRASy fhe pilot of the
reserve buoyant lifting force in excessof 12,000 Ibs, approximately half of

the totablarabistsboyancyndinhisss kinsorinmdite of thel 0edsercrhdippieinm ballast
o e o e g lbe AR NEIAL P SHAATIBAMIMe AR Wiikument of

ncy is more than sufficient to bring the vessel to the surface

. of theimates the veksanismbodithenutidherinventipressiecvisseticonpeiskle the trim
.an emergency drop weight. In the event of the loss of t ili fillany. . ¥’
ﬁg‘ﬁq% g’ﬂ)a()é}gﬂis I:g as 11ec SS&IIYh 0. pi‘ﬁl ul"{?h cOm %%f%?u E}(E!l% I[?‘d € 4air gri

of t in® éompar ments with air‘while the ve IS submerged,
the eppaegansy drop weight can be dropped to bring the vessel to the

surface based on the fixed displacement. Thus, for odiments; 25
ay b
including afar?)B éfflj?ﬁflﬁﬁzeeé—ﬂ% (i: TET] ttllie Yes ?n}Bedt 1mrb l%st tanlﬁ; may be

r encg/ aliop We?g it shoul Welgal% enoug
suchdhatiheni js<dsappeeksie wassehweihst lessithendive weightefithe
total amount of water displaced by the volume of the fixed displacement.
The emergency drop weight should also weigh enough such that when it
is attaghiesh theligtad weinbt Bhilae vessel is greater than the weight of the
total amount of water displaced by the volume of the fixed

- 30displaceterfi e SHROGURERISPIHES IR Mye 'oﬁeﬁ?gl\/%)eigprises at least one

signifigantiy.mereivasiakie Mirpliacrsenhthan, ipicatsufacavessels vty while the
typical vessels capable of underwater operation. This extraordinar

AmOUHIEEK BRSBTS ALE BT BHIGAPRI RSN They B VG g (he vessel is

have,the, diving,aad unslerwaier Reatng Laeabiiiesof@AyRiaat environment, they
submarine and the robust seafaring capabilities of a typical surface craft.

AddmisiERY) WS IRIGe prepe PSRRI JARBIE A dHBRIE TSN -SoRigpilable ballast

degree. of canfigyrabilfysinee,2Ading O FGMAY IR EAMRENGALS Mdll BRE] is operating

have a significant effect on the vessel's ability to ) .
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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5operate on the surface, dive under water, operate under water, or return

to the surface. When the vessel of the present invention is on the

surface of the water, a large amount of its wdlume resides above the

waterline in order to allow it to achieve robust seafaring abilities like a

typical suiltage ¢rdfidibhisteadsiapotelitialdyablemsivatienpidaghosurface engine
submerge which are solved by the unique ballast system. When at its. 10

MM REYHCALB IR T KT tHEHESRE MY R ARtF BINg ARy CpREHoR fo the hull

its gRemeNiGeeNiaalinass. is.APONR HAICERRLOEOMPYARRY WNIEh isth@ernative
geometric center of the buoyant force acting on the vessel. As the vessel

suBFBRIEB TitidY wars: [its eeRHERST Haoitey e sumaraiosailyied sates 18. The
ce @E%Rioé&{ﬁlMﬂXbl\é’i@;ﬁ&éh?oﬁ@?%;%&ﬁ{ﬂ%waﬁ&%%ﬂﬁgfo‘?fp%?éa'% AFpumps 19
equal, any vessel would be at a point of instability and in danger of rolling

15 igvied sinfBifteerfskoues ofeg fanvaty caa bospancheoahe sk eatis stnBicogafter being

In QrgtaearorLolgyer anc e BRARITIR LRSI EYINE surtace engine
occurs, the embodiments o the present invention have a carefu i'y
balemoedr tismib 26 gmugeweigtet, make arsevofistabititytgimks dahvountedsmbodiments
the sides of the u ody works.37, and incorporate freeboard . ) o
i e R T i B R R TR IR e gy e puvine
crostés: theteenter 200f buoyancy during the submersion process. The
stability tanks 4 help, stabilize the vessel while submerged under water as

part of the b TATRLE St A S A LS CRIBERES e LR rollabl
gravaly 6 FasdsiRecppies tichtedyiangy, iPeestahilty talks ZAp@MaiulUsk vessel.. In
above the water line. If the vessel begPins to roll, the stability tank 4 on the

low 0% TrReE RS oL HErS YRR RGO FrBOAIE BB aidiisTa tally enclosed on all

displasemeniiandrsiabiizeahe vesseh ta inhiRibit fpmoneling,auas 788 surrcanding
portion of the freeboard semi-controllable ballast zone that remains above
thethfafbFife 5896 camter sPgiavilfiaEss hy sderetivusyanbyt water from

© provides rerbasid fisplacsment that ServeS ReSAME AULRASE -t luwer side of the

embodiments with higher loading capacities on the upper body works 37,
thelEtaleigd epilesalioway hiteTdryerte! wisstis e WiRFRSTIPESHD B tHBR A Storm. but
30that, Comes Wit 3, RIGREr SeMGL-0f graitynLIRRET BOAY, YORKS op8he surface. The
The sUbject invention comprises an upper body works assembly 37, which :
is tRBpifAjets semishathatctlis cafie8ineclmts Ateabsiiangioriniion thé/hen the
ot bl e RS ERES: CRMPRIMEN A PSR RSP DR ST nccrion
side of the passeriger compartment 1 and, in many embodiments, above
thetpasskvgascompartmiiila inltimg Hne QrsuTteandipethbedyanoekgi87 cwanpariment .
be ggnne t tral framework 8 via bolts ot glue or other,means, .
B R B St S BRI PABR E et ison
thetlopinditobifibcssiveltptlihdrvassel] zond prani émifedimedtddthe presen®hen the
inventiorlw,. the ypper dey WOrks ssem%y 37.serves as the‘,}l ner gxterior . _
vessel s s m%a L R sUbINEropds as the vessel 11ses nE reehoare cone rises.
of the'vessel. In Certain'embodiments;"thé upper body works 10 assembly ™
37 comprises tihe Heckinhyvthe speaifes 1ol shalifitiniank houwals slanglil gates viz

" the reeboard.semi-%or?trollable ballast zone T e upper body works
; foRE s

asSOmBIY ST 1By %id6 R GEEAH RS BirpBfents or pods,
including batieeyaank padsdivehes!ise araaifdadksone may utilize decking with small

gaps on the top to allow air to escape during a dive, instead of the one-way flapper valves, -

Additional Ballast Svstem 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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In an embodiment, the upper body works assembly 37 comprises

compartments 15 for the storage of payload or consumable stippli es such

as oxygen bottles, scrubber materials, suppfies, munitions, or diver

support equipment such as diver propulsion vehicles. Any appropriate

deckinganayideasad itothe appeartbady ivorksadsemblyn8 7appranmately 125% to
deck an

embodiment, t king includ ional '
RO B e L Tieak SRR G o e gy T Basenger

comprisps Manipulaiee aiasibareadvatke arodelisibletaialoeaytdad doolume of
be loaded or offloaded while the vessel is sunmerged unde 1
a s

Forth RO TR BB AT BT W 2A o volume of

53. the totadGEHAIRSTRAIM B hHRENRE bospiratienassemtlyidlly, in many
comprises armor 25plating. In an embodiment, the upper body works

 assemsgimrEtsdiesphuis ARHEARRE A IS BRTAIR A Rr e gt of the

SengoL PSS, AN SHIRAE, b FRRIERNS % to gﬁmﬁﬂﬂwpﬂi%m%t@ﬁmlume of

. a
invention, the upper body works assembly 37 comprises hard paints,
whiehrfes disetromitaf sifovestedon o ABResimeethiteoBkiadarp kigg of all fully-

have arid,alachm téofl%QEHYQM R Rl SIRCHGR 1RRWEST At BEIAHiGme of surface
ed. I

power, as 30desir n many embodiments, the spoiler 10 extends
abousithessurfihce engine compartment 20 in the rear of the vessel. The

spoiler 10 g?l%%?ﬁa%%%t%ﬁm%mg%@él gfgd%% j@éﬁﬂk’%@&%ﬂﬂﬁh@%é‘%r pressure

radar, GPS, communication, or other antennae."In an embodiment, the

spoiled gorcantdeubstigiaibe fronseras headivegapiengtife thenrssbedijgent includes
umnodlﬁt]rltliivﬁ%lst %‘g#@ ae&%ﬁ%%{a?%rgbog{% fastf‘%/s?t@&”%ilios{ﬁPéﬁ&ﬁé & the pumps and/or

or air in “and exhaust ports. 5In many embodiments of
the. suljest imscfation, theMippethbodysaiosksragse mibfp@7oddhprisis, the air pocket
mounts foy st bi@% a%k?lgfsloca ed aft on tshéaa/

e BB GBAGHL SULRR 5 P e ST AL e et T he
stahiligntainkshd hinliazates 18 stick open or even if the surface hull 42 is ruptured, the vessel
* . will not sink, so long as the air remains trapped inside the ballast compartments. Water
. can-only enter through the hull, gates 18 or a surface hull 42 rupture in an amount
sufficient to compress the air inside.the compartment. Once the air pressure in the
compartment equals the force of the water pushing in, the vessel will stabilize and remain
on the surface.

The ballast system also allows the vessel to right itself if it becomes inverted on
the surface. The pilot of the vessel can initiate the submersion process even if the vessel
is upside-down on the surface. The system will flood in reverse. with the exhaust ports
allowing water into the main external ballast compartments 7, which in turn flood the
main iniernal 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 embodinients, even in the event that the passenger compartment 1 were breached
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certain embodiment, the mounts for the stability tanks may be located on
the spoiler 10. In many embodiments, the upper body works assembly 37
comprises a freeboard 10 displacement zorg. The freeboard
displacement zone includes a semi-controllable ballast zone 9 which

allows imiled wateningresseuhile e yarsehisiendhg BHiageslm is sufficient to
completely floods when the vessel is submerged under water. The

freBPO&idespiblas EntheonEdses B s kienb s doonle ishnesiExedypyancy at
theﬂl'l)é)g%‘preventing any substantial amount of water from entering the

zone when the vessel is on the surface. A 15 one-way drain at the bottom

of the freebbhed dothe alRdwizatdrtallesitcdmirgtentsufating dlpcespbitely filled
curting,a.sierm, Rt only allows small Amaunts CLCIE! 10 LNIST MACTE fom the
vessel operates on the surface. The drain resides above the waterline
dukngetypical Bugadeofierationsdiiker thecvdSseb ysrsybmidrge dwndeistance of the
Wat%tghe Ereeg)o rd.zone com[?lgtel. fI(_)lgds vja a%n -Wa¥}/ connection to .

n

C Yical o AHEC SYSTEM OF an ALy o such as the Tow-pressure primary air grid or
the seml-con{roﬁa ale Baﬁas Zone &JTI’OU INg the surface ené"lne 4 £

conhpaiigtepic2frand theraje puig e snvianemaydiiappel tvapmsrdbsotthevent air
top, When the v?ssel is on the surface o{ the water, th freeboar\g .

s RS DB rE BV ce R A B4 PR TaA SR DRSS Ty 2dyt filure or a
surfaeiog aftae beingshikmergedicasdiaNesseimisaamtihe freahgattrap 44 design is

displacement zone rises above the water line and water escapes throulgth the 1
O 1ne

thePaPSINS 21! dReriatvel L ApGHiTRe AT the SBTFEEMYA HHshiS

zongdnaydpiizadesking withsmall gapsiathedeRiens oM A-$P8S63REr grid, the
during a dive, instead of the one-way flapper valves 41. The upper

bo@P RIS BaEEHB i AR bIe S dRRpecsHIG Ay BERSR Rathu Lt rtotal failure

ow-

- any, ppRIoRERIS Matalials a@ﬁa@%ﬁ?@s&fl@&g‘?ﬁﬁjﬁaﬁ?@rm‘@}f~9ﬁ3§é§?@air storage) grids

include fiberglass, carbon fiber, aluminum, other metal or composite _
matefialaa dasyiedmpiftipros BtAbSE 3 onsstbrshmisssembeeiansiitto bring the

as the surface hull 42. The size and shape of the upper body works

assehibl) B, evayoranatiépediirighoriare vaaih iinstoncdedilsderontivgliments of the
vesseldn ag B‘éba%ﬁ%%'&ttﬁ%%gﬁﬂ% Bﬂ#ﬁg&%ﬁ% @Qiﬁ‘?ét%mﬁ’l%sﬁ al? WfeSartments

and shaped to give a greater degree of Isplacement during the
centethofibubyiaray sand centerotigravitfficrossbvbritigdho seass! tuthegsarface of the
div%altr(]: another embodiment, the upper body works assembly 37 is given

a more Iiiydrodynamic shape to allow for greater vessel speeds. In an
alternativelie mbedihventyeieotipipe rocahy: &uy ahksvassa mbiypBidds sizedagency drop

Sha&%%ﬁgrfﬁﬁl%eg\;g%tgf %Pqusasl ot the ggﬁﬁ'ﬁ% '? l?ctl]na}P gﬂﬁg main ballast compartments

with air while the vessel is submerged, the emergency drop weight can be dropped to

- the,uppen DACYWRIKS ASSSIRRNY oIS RS H?E@?x%ﬁh&hﬁllﬁrﬁ%g@ﬂ%iﬂl excess of

bring the vessel to the surface based on the fixed displacement. Thus, for embodiments
including a drop weight, the emergency drop weight should weigh enough such that when
it 1s dropped, the vessel weighs less than the weight of the total amount 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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allow for better viewing from the passenger compartment 1. Fuel and
Surface Engine System The fuel and surface engine system of
embodiments of the present invention 10 allows unprecedented range,
speed, and mission duration for a small vessel capable of underwater _
operetiohioTharetbe sét itypiealIyndarreteprag e RAPROY G5 HhidaRigal submarine and
durgtion %{g?%ég%{?{gg%%}ﬁﬂﬂ@& from ??QQSSW%C@SCErM AdREGBhally, this large
ves§el. e vessel also has the ability to travel on the surface of the water
at highpspeeds whik gehiephting powboweehaiyitgisané fiesfigwgbility since adding
regenerating air stores. Typical small vessels le-pf r oAbl
opethatish ¥é %%031?38%% s‘fﬁ?}o 6 tr?a]%&’: EY 'néCT i%zlpa%fg% Sﬁ%g{;[ggnﬁél%%r s ability fo
sousgesfonpawsnrbatiedyrechdegingsang aitstordereckargmgstumn (T surface.
vessel of the subject inventjon is also much safer thap typical smaller .
vessels caafieBe l\jFﬁfSTVg ttgF ShEiAtNY ThE 8t a{}:gl g%%ﬁ%?o%%b%t"é%el’ a large
actgassbeckypdniiherbatlerspoweredwindenyaierpeopuldion systenhjeve robust
and the vessel can rise to the surface and 20 fttﬁn tq land from an .

p

UncRSATEE IR din i RIS GRRSEeF BibptIBion SRR Al problems in

- Thefuehand suriase.enginersystan @fitke subjectinyeatioficomytisasdhen at its

least one fuel cell 17, at least one fuel grid, at least %;‘]e surface.e g[]ine
i

31, merass s dm g R thi TS orieth ArRI8Y It Y fldigyts seometne
one sUrface sRENG cAMPATIMak <0 P Natablewisglaigeme peddalitieltenter of the

In order for a vessel to submerge itself under water, it must attaina .

buoharenicvetasting Abs CowmhdteiPhaesal e prrsidthpigsdly conter of
fue'ﬁlﬂﬁ?&ﬁX@@%ﬂﬁ@%s‘é’%ﬂE Asing shem, makesdt difficadtdooatiabvancy and center

near-neutral buoyancy. Additionally, vessels that move on the surface .
requifTBYlIEH EFanRhyaIRY GE SR SUTS BF R PAIRY BIABFFOLLS! 4t afaser of rolling

of updes Wﬁé@rt PEIAUEN, Ak CRYTIGR el JIMST COMNRASRISLHRE HiR. In order to avoid

changing fuel level over the course of a mission. When the fuel is in a
pressilre tnandha ighraskiibhitodiishio ssd Afapligeiorsad vime e diments of the

wei %kr‘és%m ?vf%?ilowiﬂa\(%rx 'Clﬁﬁlmgmy&{ﬂ%%t% %ﬁ'@%ﬁ%ﬂﬁ_‘(‘fﬁl@ﬁ@o f stability

overcome the buoyancy of the tank when empty. This extra weight

requingss m\(metem@fgmtdlmsidesmé thegguier body works 37, and incorporate freeboard
displacement that remains above the water line as the center of gravity crosses the center
of buoyancy during thie submetsion process.

The stability tanks 4 help stabilize the vessel while submerged under water as part
of the trim ballast system. As the vessel submerges and the center of gravity crosses the
center of buoyancy, the stability tanks 4 remain just above the water line. If the vessel
begins to roli, the stability tank 4 on the low side of the vessel enters the water to provide
additional displacement and stabilize the vessel to mlubit 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 purposé. 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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The vessel of the present invention is unique among small vessels
capable of under water operation since it is able to carry a large amount of
fuel. The variable 5displacement fuel cellsg3elp make this possible.
Embodiments of the subject invention store their fuel in at least one fuel

cell 17. 'W%Qd%%&%&é@%hﬁﬁ&-%f?&&? 1S@neraBley hich is the

displacement fuel cell. A variable displacement fuel cell comprises a fuel
balf abe ass erfilelyibhetriaxe by saoweslses lsamithenmaivdity inténao warastl of the
2 qr. within.a - insi I empodi ts
0 G e e e el opassener
the doglaonoftieand)iasmeg dedbordoheoiagaiivey ditdp aeevmege ob thgedeiknt 1 in the
More water entersbtohde vesls(el dis{PIacem t of thggﬁﬁlll is red ng\fia bolis or

s th
ThiE Heg t S TR A 17 R o AT o A h SR Bty o
bugyaneyethhishews| welightreguiretodithaicwisyém hotdithentsibé theface hull 42,
vessel 1o retain a shallow draft and to plane to achieve high 15.speed on

th Oéﬂ?ﬁ%@“&f%eﬂkﬂi%%%ﬁ gilrt‘—i?%.the Ffi-vessel of the present invention

is capablerodsuhipedging ner matiessbeneighoiueheerppins oay Baakd. akhenbly 37

variable displacement fuel cells lead to the vessel becoming heavier

unteY WIS LRSS (X IFEKY e HeRscn B veEeap e msBathe dtpneraody works
with Al fuet leadpAadditianal fluehicelis R may e addad,Piadiisting, and the

the overall weight of the vessel. In an embodiment, approximately 400

poﬁﬁ%ﬁ?éﬂ@é@hﬁﬁmé@l@lﬁ&a&%@rng@o% I8PREDP e iRE FRIEIND &7 may also
adgdeg 10, agivesFehssel KhALRMRATHNENtHRNE ﬁﬂtmﬁﬁg%réi cells, or air
variable displacement fuel cells, two starboard and two port, with one

fqﬁﬁ/’élfﬁi and one aft on each side. Ir_1 this embodiment, 25 each variable
displacemen ugherlalisnpex RPN CRS Aalans obHIGSE! ISl Mhparoments
alternative embodiments, more or less variable displacement fuel cells
mdyidwsteragnd ansloie dis plicemeicfsabpbits ofidifferenysine®itiay scrubber

'benli@[%g'afs. b“})@ﬂ%@?g{“ﬁﬁt{%%h 8}1 89%‘1‘\)/ %{ r%)éxgoé\lfg%r%%gg s%@l}azltsfﬂle\fl??eg”lr']opu1si0n

17 on a side of the vess e forwar acement fuel cell ¢
beatftadbed to the aft variable 30 displacement fuel cell by a common fuel
line. The Bﬂgl line ma aP

| e,a hose or a pipe, and it preferably incorporates
2 -t THARR PN SR et et s R B s a7 Inan
celrabiyliffeig jsldodeckimeeiokidesanl dppicatyrsitsomaltideckusfalceeutitty space for
the front highey than the back, allowing fuel to drain from front to back. - - -
A RS (Ll RO CRPAIEE (RS B BRBE R paticor arms 55
ungedwades. Buedidstbe bugyanguabiidefust, thisivdlbalsa e fugldane vessel is
drain from t e‘r%@nt to the back. Trapping the fuel in the rear fuel cells 17

a

redtEBE TR ARG AN 6Y Shif ntHB Ckoh @ SRR WIR BBty His dpiking includes

thersmtacevaaghe senter of buoyancy when the vessel is underwater.
5In many embodiments, the variable displacement fuel cells are anchored

down so thRe§A RIS EY IRpaEEs dxpiantehonioyaHEy AiFdeMyatécomprises armor

plating. Inan embodiment, the upper body works assembly 37 also comprises attachment
points or wells 54 for weapon or sensor pods and storage for munitions.

In many 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 gnid 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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The variable displacement fuel cells may be filled with a porous, spongy
baffle material that causes the cells to regain their original shape once the
vacuum is relieved. In an embodiment, the Baffle material comprises
approximately 10% of the internal volume 100f the variable displacement
fuePBERNTHeIRME"n AR i SIS (i Ve RRNIAY PGERSs Yirdd the'Laifse o an
automatigally, expaad e e B¥IG iseremed ok iedualiptine wiSIBER: vessel is
the fuel is not very compressible, the pressure differential between the .
interisleandtexténo fothhecvazblaais phscarilsd il wersasaBRM RiggepRgnt for air
0. EQ&%"&’H‘@%{HEU i&kgg_e _displacement fuel cells to maintain ambient
pressure when the vessel is ISsubmerged. Fuel grid The fuel grid
connects thiensasiabibadispiatenddn fuikceils entivi bytaper Badinspsyapsembly 37
The fuel grid comprises at least one gonnecti I legst,

. ! h
oUSET 80 FEAF DR SN SO A AT A A B g o men. e
flowpBinae dyeakiahie:alisplacementifsehaeiis foairtaimsamoierbility tanks 4. Ina
pressure, the fuel lines of the fuel ri@ rise to ambjent pressure. In certain_ .
C BB Bt G55 OHE CUHBE BBING S At S Sk B o g ot 10
fqel grid .ISIﬁﬁ@@@&m(ﬂﬂ]aﬁﬁ@iﬂﬁh@ijﬁw@pﬂﬂkﬁMﬂﬁ@MéQﬂﬁn&prises a freeboard
differential exists in the fuel system_. In alternative e.m?o iments, the

surféegl Wﬁgt(gylgel hs %%ﬁgﬁrégismagwgg%emﬁ u %ﬂﬁgmii-controllable ballast

ining a

pressyretang.almasPhergeln Mase embadimentsha vaivel shosildthe surface but

added to the fuel lines of the fuel grid to prevent the pressure differeuﬁ'g}l

- froraqsualsisly filafio thesUla cESHgine COMPEERENPIE. Siftdce e infecboard

30THe YesseHARINR Rreasplinyantinn e fhindsine-puirtn @ngingeventing any
31. Many different types of engines can be used. In many embqdiments, a

* constihstshakiveony pbEatThiETeREGHIAT A HIEE BSETFL R gsrTace. A

usegnéﬂx%rﬁroﬁl?ﬁﬁ eMRRAINLHE & FHIRINGS,H8RAz088 alloWt fater to exit during the

embodiment, two 440 horsepower diesel marine inboard engines are
usestiacingaenvative SHIBECHAETE LRS! IMAHCATSSHAPS ARABIE of water Lo enter

engines are vesd: Inanenhosiment.pe Wbing e RARES A16v8a68 Wwedbfine during
horsepower engines. In an alternative embodiment, the turbine engines
are bactelisulehopsepowe Méigiibg vessel is submerged under water, the freeboard zone
completely floods via a one-way connection to the semi-controllable ballast zone
surrounding the surface engine compartment 20, and the air purges via one-way flapper
-valves 41 on the top. When the vessel is on the surface of the water, the freeboard
.displacement zone provides freeboard displacement. When the vessel is surfacing after
being submerged, as the vessel rises, the freeboard displacement zone rises above the
water line and water escapes through the drains. In alternative embodiments, the
- freeboard displacement zone may utilize decking with small 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 funciion desired for the vessel. In an embodiment, the upper body works
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5In certain embodiments of the invention, the power-to-weight ratio of the

vessel during surface operation is at least 1 horsepower per 50 Ibs of total
weight of the vessel. In other embodimentgthe power-to-weight ratio

during surface operation is at least 1 horsepower per 35 Ibs. In other
e”ﬁ@é&#ﬂiﬂ%’? ’iyg?zpﬁ’%éﬁ@é&ﬁ'gl—gi @t&%ﬂf@g@g@ggﬁ%ggéﬁtpﬁsﬁﬁgment during
least 1 horsepower per 20 Ibs. In further embodiments, the power-to-
10theighitteaty Gurbgnstirfadecoperatiaiasitt feastol hiolsepower geritga dive. In

lbsanothelpe?rfbgmgx% iiq%re]tu thgr%ggél/nv%o% 0 QQ&%}‘%\{I)?% 1'? aﬁ@%—? z[[ zong%ee hydrodynamic
water, requiring ambiént prB sure compensation. in"an alternative
enshapkrrent otnd sugfaseernyiet poadpalmaerd @nist ia peadsidienud) fanghaer body

valve Js used to clpse the cooling system off from the water. .15 Oyt drive

T et e AT Lo S et Bl B e it sheped o
engile;dompartmeant:20g Aty StrNEgesehmakiomputsiive commonly known

in the art may be used. In certain embodiments, jet drives are used. 20

Surface engine compartment The surface engine compartment 20

prategtshs straceergies@mand other enclosed equipment from
pressure and water intrusion when the vessel is at depth under water. hi

many embBgiMHEh I G FRE R GINEE S £ b re BRSNS P L BesRRgsd Invention
engine 2 ugaanRasmant#anddhen poliedentahe ve sseh laian AlQuieghable of

for easy switching out. In certain embodiments, compressors and _
alt8nisiBdsRPRatinted s YReseUMical bitgirs compahtfelfoptyng mission duration,
Com BPBIRAIN MGHIAce SRS CAMAINSRLLD r’?ﬁ@\}%&el also has the

removed for repair. In many embodiments, electronics and other

cortfplelns i WBLIGENBIRaRy oA Sotl 15158 Kepisbutrsidatehilraencrating power,

mqgms%jﬂgthfaﬁeﬁ@seeaaagmgeﬁ%n@tgﬁe@{0293.3999{%@4'%9[ OWEis capable of

construction cost and improving fire safety by keeping such components

outitfehsapasHemgbrophpartmantltr shinThecsghfachvenginend on extemal scurces

co _ n ) tr | from [ different materials and in
MPRLMETh A FARDEAARSHIGIG M fgﬁg@{g

many different shapes. In"ane iment ce engine
The vessel of the subject invention is also much safer than typical smaller vessels

capable of underwater operation. The surface propulsion system acts as a backup to the
battery-powered underwater propulsion system, and the vessel can rise to the surface and
- return to land from an underwater mission even if the underwater propulsion system fails.
The fuel and surface engine system of the subject inventton comprises at least one
fuel cell 17, at least one fuel grid, at least one surface engine 31, at least surface engine -

gear 32, at least one out drive, and at least one surface engine compartment 20.

Variable displacement fuel cells

In order for a vessel to submerge itself under water, it must attain a buoyancy |
level that 1s almost completely neutral. 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 typical 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 1s fixed while the weight of the fuel will vary. The vessel must carry
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~low-pressure p_ri_mapri/ air grid or high-pressure air storage grid. The a
*from the ai\§feiRNze|

64 compartment 20 is made of a material with a high National Institute of
Justice (NU) threat level resistance. In many embodiments, the
surface engine compartment 20 is the second largest fixed displacement
compartment, after only the passenger compartment I. The surfa
oGO EOT BBl SUFEA B B M G A ROk BT
coqmﬁﬁ%@@r@éﬂ@@ugﬂgﬁe@mi@w&eg the surface engine compartment
20 typically requires weight budgeting changes. Adjustments to, the siq

tanks 15 CHRECHISEASARE FEFSFRIGRY EREPRYES N dUe RNk SRR BnGive
compastiment 29 J8ckeasestbasafamotthemessahiy seRanatiog thel. The variable
engines and fuel system from other parts of the vessel, including the
10phssleagaetoiplatisdin mpks e a8§3I5\Fers the risk of injury due to

fire. 'nﬂmﬁ%ngq}mﬁ@&gﬁ@ﬁm@ﬁ%@m@ SOMRARIINEN2Q el cell 17.
ambient-pressure compensated submersion pod. An ambient-pressure
conpensatedsubimentsidhepotiiaops fhel solrbl Wwaighiabladispassaient fuel cell. A
down and allows for the suface engl h2800PS RLliithaterial that
flat Sur }i%éli\é\ﬁiczﬁﬁgl}faﬁlgfjﬁ%igésﬂ%%gaﬂ]ﬁ:fgﬁ engine corr)pa.lrtme%te e
20 tedéelosatad thithinithetexteriod leonlines dhihe fresdttodagueimpigrethe vessel. In
amount of required fixed displacement of the v i A fuel

o B R R T S aople ponB SMerial A fuct pump
compaitimanth2Queciudes thn il hientatrd rehden@heThs anebient ebibe cell. More
reader 22 can comprise a pjece of pipe moupied vertically insi

amB’f&F’Fﬁ-BP&%@J% ggﬁ% & tf\ %S&lé)c 17} n‘?op { 16.06?] IS re@ﬁée&. dﬁl}ggeﬁ?tg% the need

sate surface engine compartment

h518 extra weight

(sacapable of

‘embedimeinioihepipghis@ppanxinately i longyibhe fine lswpew agtiiecquirement

top to the insjde, of the surface engine compartment 20 and,qpen atthe .. ;
OIS TRREEAO0 LU EOT STAO DATSDor i ARG g hicvebgh

i zone surrounding the

. compasimentdnsidecther pipey atledstesiredioat trigger is mounted. In an

embodiment, three float triggers are mounted ar;bci ar? egch se arate(zzi{tter how much
from the neD{F ST ANGRIT S50 THFEH OB A NN R ABSE FoliF Mehes,

As the aebhisnt watehressverinsreasgsishnmtfasiesielgdas trderssel becoming
water water rises up the pipe. When water passes the first two float

 trig R R/ SRICHIESHERLS BB B wlE TRRE SeRORLPURITN Eigdgwith a full

an glggtrigyalve opens to deliver air from an air grid, such as the

Ir .
Eisd il iR oy antBarddsgh e aBnging the overall weight of the
30compartment 29 serain,srokpdiments @psingle doatisigariand added per 200

single electric switch are used In many embodiments, as the pressure

withgaieassefibikhtiprakiigidcbrisdsdd e yfEe: engine compartment
20 b e{c omeg, ﬁl@?ﬂl%}alﬁg%rf,%%@@@e%%ﬂ?fs@%{@%r%1e displacement fuel cells, two

starboard and two port, with one forward and one aft on each side. In this embodiment,
each variable displacement fuel cell holds approximately 125 gallons of diesel fucl. In
alternative embodiments, more or less variable displacement fuel cells may be used, and
variable displacement fuel cells of different sizes may be used.

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 a common fuel line. The fuel line may be a hose or apipe, 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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pressure, air forces water out of the ambient core reader until the floats
drop and both switches reopen, halting the air flow. In alternative
embodiments, any float, valve, trigger, pregsure sensor, or meter
commonly known in the art can be used to regulate the air. In many

embedienie v ingAoWR SEIUAeRS ARRRIACE hRTUBNRLBUSFANINT BR Ricl, this

the vessel to compensate for over-pressurization resulting from

préssisaabavg ﬁ’fﬂé}éﬁh@é@dﬁ@ﬂbt@@f@ﬁ&&ﬁ@ﬁ%ﬁb drifpieing cbpdudan dic rear fuel
22(:(5]@0{]7 1@5&'89%&*&%%%9%%%@‘?natﬂ?&%ﬁ{e?q{%%?ﬁg%%%lé‘?ﬂé Wsel is on the

additional positive pressure difference of approximately 0.445 psi

cosnparedutd the aeigige p 6b tivyaaunbidrndbrevessedas 2Rdérvaretain

embodimenie, of e prsentinenion, eagh component e as AN RGawn so
down-regulator-also has an 10independent Burge valve to allow it to vent.

In thany dimtbagdinpats, démp@aribienb corscgaddepipeshas a third float at

the top of the pipe. If water reaches this.float, a warning alarm is triggered
ot o R e R B s Sy barne
ambiesigdrassiies aiticocafie nsaiiai gty is: i dslivet ngenheglr@int® relicved. In

prevent intrusion of . r. Causes include the vessel 15 descending at g
s S VT e OB Pt rAlsn et B volume
copfpRasatRb Estemdmatidnetion o nate ehaiell afgaimeagileied process
the vessel should cease tQ descend in the water.. . When the vessel is

onSHECFSERS SRR A RAIY £ VRdoR L hn e Pl dBhspliEEated

surface epgine eNRArINENt 28 eMIRSHPRN B Fat RNIPPENEM Seiween the
the 20 vent is on the top of the surface engine compartment 20: In an

e BR8N X SHoMQ Gsteiihie ditripta tb g LS bngieelose to 0. This allows

compaAmM A& -pearde Rl tectneisuriasg anaingewhenhe Vesselts vessel is
under water but very near the surface. When the vessel is on the

suftEREs#Rilabout to dive under water, the vent on the surface engine
compartment 20 is closed. Pressurized air is released into the ambient- 25
pressure compensated surface engine compartment 20 from the air grid.
In Eacdgiisbdiment, hydraulic rams and a latching system at the top of the

Surfaf:e eﬁ‘ﬁiﬂ%tﬁ QQH;HPEQIElme]v]m@gﬁl%%@p%%ﬁg_ﬁ{t%glQ:r:ﬂﬁéj{ﬁefsgﬂ@ce engine(s)
opening the lid 11. The surface engines 31 allow air into their structure, )
restlltihfeausbgrist preysuses differehting bennestin et interial laird engdridrpump; at
30&%8?3&1}4%%%%'11'1%#)@9? A& taﬁrlgasslp gntc? \\’zv%% EQ ec.glllltrzfo ?Uetihﬁo%x.pc?iggéqge variable
air in the surface giné compartment 20 will vent to the outside
endispivanewitheh oahlsedato tepemamsnipivesirtn thafiye Ehmlse dinienfsslthad rise to
Ve3m ligr?tsp%éfgllg‘lee. q}ll%-estl a?r? e?ﬁ%(e)gfr%%ﬁtglﬁ{g %ttloeagtesone surface engine 31 at the other
end of the fuel grid is enclosed in an ambient pressure pod, and no pressure differential
exists in the fuel systent. In alternative embodiments, the surface engme(s) 31 are located
n 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 is
used. In an embodiment, a diesel inboard engine is used. In another embodiment, a

turbine is used.



10

15

20

25

30

accommodate a very rapid ascent in the case of an emergency. In many
embodiments, the air egress piping is fashioqed into a pea trap to prevent

water intrusion at depth. In many embodifnents, the surface engine
compartment vent lid is located above the location of the ambient core

reader trighean Thibmhmenss woetdihiy sensser dipsefTHes sthdankeastipeare used. In
companiment 20 If a,leak devel Sé 1¥H§AL%1§11 InsiEA A AEHEOMIAG sed. In an
in. %d‘ftitglﬁ%gftﬁﬁedﬁgk)g%geﬁtéatﬁlg pS? pressure d%ﬁkeﬁrence getw%en the )
inteciabadithexterier toflive sugiace angimdicoRtiartmiert 29, cogyniesaln an alternative
would be a slow dribble. If the float trigger were to fail.. vessel

is stilf} Pé%‘é‘ﬁ&yyéﬁ‘?gﬁl‘%%leer?& E%Stac')]%é&g% g%%aﬁﬁ;oé??ﬁg %e%! 1\L!\é/\?c')uld only
require a smabrasaentiodiatets tof safehy chlitmcertaiorembvod g isiod tighe vessel
present invention the surface engine compartment Q is a pressure hull _

e BB i TR ST B RE E ORs  Gig gelGfthe vsscl

requiresTo air
compengatiemenditnseihd farvaseelsdhat wiligddorexetnelypleapon is at least 1
levels under water, such as over 1,500 feet. A yalve must be.included {o . e
conSEYEN ESIRtE e ExLRIeEgEIBR B B ASREET 1€ LbHAEFg duine surfuce
undgpavateh 19 MsiBgEessHIRyBH b anDinBs 1 S omparttesdidithenweibbpower-to-
of the vessel increases due to the need for heavy material construction

and s s HEABAIBIEAIHIFCS] SERHP PP LERE re BAESR W RFGH R -

connectorsgrg, usgebiRnRICIgGE W FRklim B Bih GORPEstiONSe water, requiring
Additionally, the output shafts from the surface engines 31 must have a

speéiabjstels DliFEsHES SRPRREREPIgHS8RI flisErattieF BRrAR-Bredlt & R cnsine
enging SAMPRRMaNt %(’}Q&%FE%IE?&H@ QUL HIVBSised 1 d1@BYhe cooling system off
ri

embodiments, the out drives are connected to the ambient-pressure air

© confpemsdgoraigid. This provides pressure compensation when the vessel

is at depth under water. The standard seal 24 on a typical out drive
common in the art is watertight. In an embodiment, 2-to-1 out drive
tranSmishkions are used on each surface engine 2531. giving a total of

3,400 ﬂ"bsf%fetg’&%&%?#}ﬂ? S tgomﬁe_gt" P(pgu%?ives o!ﬂﬂ@@’[ﬂ%idg of the surface engine

[
. [
embodiments, a tunnel from the ambient pressure surface engine

. comparipaemnt 20 b isessthel ault danie shatts i VEvetunedl joiny totilecg may be used.
' drlvcfnhou E{r}geijg%r?]-nln a {‘@er@f{‘t conr&_ecﬂon. This serves to help

(ie L 1) ]‘l%ﬂ VeSS a1 USC(L..
prevent water from entering the surface engine compartment 20. In

certain embodiments, the output shaft seal is protected 30 by venting the

internal ousing by conng{cting it through an attached gas tight line to the

>UL C 1 Mpartuner . .
am@hﬁ&%%%@ﬁ%ﬁ%éﬁsﬁe- d surface engine compartment 20, ensuring
a pressure ‘diftesertial ehgieadyQpsibetweptheintehnahpizssureinem3! and other

the external water pressure. 67 Air Grids , . : .
enclosed equ?pn?ent rom pressure anc{ water intrusion when the vessel is at depth under

€

water. In many embodiments, the surface engines 31 are mounted in 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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The subject invention includes at least one air grid which may be used to
provide air to certain parts of the vessel. The subject invention uses the

air grid or plurality of air grids to store rengwable air and oxygen.

Additionally, the subject invention can store 5 much more air than typical
smalhyeRselR CAPRDIR AL WIdP MALRLPRERIANT REARIY HR SIGHE 8 B8ce (NIT)
amounts of air allows embodiments of the present invention to purge their
maliebhlist cemisamenents, pressure-compensate their large surface

engine CORRAHTIENAR A9 SoreRdan PaIAS! COmPRUIIERS RMAES arge
support or bring the passengér compartme t1 to ambient pressure |

defSived| dafpdwesoefacompaamidntt gt aveny df pomaengocdivdraulicrfailufee surface
and provide backup life_support. hile typical non-military vessels )
caB S SRR Gyt ore 16 e ST G ppponents ar
sygtemisbyRbeofanithal theysarfyceaityifeltoitfdanau 2ol pachion dipnide weight
scrubbers and pure oxygen, certain embodiments of the present invention

. SPOrEPERE WSS SRR R RSt ke dSRaa AOMBFRASALS fips weight changes.

support sphEC&uriAckS cAdHIHOMLIAFRIERY FRrhRRAiexide: serphbers aRdvessel by
pure oxygen. This decreases the amountiof pure oxygen that must be

usEPHRTRE M\ IR SsAdBIR st fiimneshsr etboaintpitecatrd ncluding the
suRiect lBventinRRARfRYr afhive N9ty SRS K Bﬁﬁﬁ&ﬁ?'h%éé’%&% are

the high-pressure air storage grid, the emergency air grid,

ambient-BREBatr EBROCHIMIBASAIBA [GPRISTHIE ORI GRRIBAHY S Aatbin-pressute
emBAdimEnts SIANGRIGTSUE RITANAL AL, NS IHd RUEIE NS MAY BEpod keeps

interconnected and may share C0111111011 resources. High-pressure
airtktarage! hridi Shel high-presd slremind Whage fgrithc owisen anleemnprénent 20
high-pre S f- 25 Contained Breathing, Air (SCBA) | ret%%orS_ I
ar%l) a[%?esé'sg[gneﬁrtjigﬁigbré%slsfgéeegs(% l's}? e?g]:]% tg(ﬁlgﬁs 1%%53(}%@ oftcsalﬁ?ac" eneine
conmeptethusingfhosingpvalve syidnd regulators thatare kiiahainsthe aducing the

n an embodiment, ttj;e hjg}; -pfessure,ai ?toragse grid compresses air from
amount of regiirgd fixe 155 acement ol the vessel” .
the surface and stores it. In"an émbodiment, igh-pressure air storage

grid storem ainatyakoitidPothpsi. the ceitbinmepbadinentsihaatticastoe engine |

high-pressure SCBA 3Q compressor 34 is located, in the surface engine
SR e A feAhy éegh?%sée@ﬂaﬁr%s © APIH BRIt 22 can

the satplicompisadofpepal ibartempsrrsuisiopasate ahisishligastabedb@Pensated
cubic feet per minute. In another embodiment, the total combined rate all

the USHP FOSEYT SBPRAEHESY At Tedst P a4 EF N0 RGP foa PRI HHMatelyIHS  lone.

Mamk B8 SRRRAIMENR S 16 GRTHIES SPIRIQITAME-BXARSSOMPIRIHIBAPhnd open at
contaminants from the air through a series of water separators and filters

to Bridipoméodhadirnioadsmeverist dibidierasrp o tHeicusAtasiisantapartment.

Inside the pipe, at least one float trigger is mounted. In an embodiment, three float
triggers are mounted and ar-e cach separated from the next by a range of about three
inches to about four inches. As the ambient water pressure 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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In many embodiments, the storage tanks 14 of the high-pressure air

storage grid 5 store approximately 450 to approximately 500 cubic feet of

air each at a high pressure, such as 5,000 %5i. In an embodiment, the total
storage capacity of all storage tanks is about 4,000 cubic feet. In another
engheﬁﬁmenm thertetaivateragectapacitybofdl cstoragderanis ibabeoaissiopoand both
cubic feet. The total storage capacity is Jimited only by: il o
for BTG AT DAL (AL Soi erta BB S RSP ARARMEVARE isger
air sterage gridanrhecusedihrouphkadakenthvaiteo bechadde wxtantathe air.
SCUBA tanks, if SU%B tanks are bhein used for d{vers._ Emergency air grid ..

The emerJeRAPLH fﬁ?igl%“ﬁgaﬁk Bes%/% em ?5?%?18rf)ﬁlrﬁgr§l/cglragr‘%g?ﬁ canonson
prayidecisairdedhe saaseldnothe- prentrifa ey steultifailfioe preskitriegiomeisTerences

no electrical or hydraulic power to operate. In ma nbodiments, th
emé‘ﬂ@éﬁcﬂ}*%tﬁngﬁofr@@mﬁﬁs@gbé%agfeoﬁ%?ﬁ%e'ﬂ%%ﬁ&ﬁé“éﬁ b Jrigker of the
whighyis.isQlate el b e pioraaedankaigidha wibessain gaigraxsieras aiieximately

reserve tank receives air during the recharge process via a one-wa

. . : Yy .
vallei4trsiooannargd i ihairigrer cAM BB BICaFicH o thecreagabodiments
tank;iq, ‘MpiwgﬁﬂahP&J@%ﬁ%ﬁﬁﬁ@%ﬂ%y'ﬁmglf}iﬁ@l’j@ﬁ}ﬂlfré'giﬁﬁ%r also has an
and connectors known in the art. = In many embodiments, at least one
ne’gdt@n@ideﬁfsﬂbﬁﬁte@lw tfﬁéﬂbaﬁsbﬁ)g‘é@%ompartment 1 of the vessel
V.VhICh Canlg ?T%B? ré?rﬂ) %ﬂ%}’tﬁ% aciivatedhe %@@éﬂﬁ?@%&adlﬁﬁcp%gﬁat the top of
lines. If desired, the pilot of the vessel can open the at least one needle _
valvee2bpto ifjeatairadivhetiihinfotheamingaiasryantseeipdiemibpssaol panel in
the vessel is on the surface of. i o o
S IR R Y e s ey e Sl o
In manyt ehaliocime rtsyuble @ir tof theyermartosiop aif gricls Seorsd Bchign the vessel
pregsure. |n an embodiment the air of the em ir qrid-i in: .
S A R L BB R LG St on i
embosiipearis:, the £mestganayl Aingiich mayche infesteld wntolmydrautitotarhghe vessel

-throTJgh special valve.éf.th&h draulic system of the vessel fails, the
8@ fow't ’

e to des ater. ; .
emé V-l 8r‘f1§ CEH oW the Fnydraullc rams to function as pneumatic
rams. When the vessel is on the surface of the water, a vent on the ambient-pressure

compensated surface engine compartment 20, temains open. In many embodiments, the
vent is on the top of the surface engine compartment 20, In an embodiment, a snorkel
system is added to the surface engine compartment 20 to provide air to the surface
engines when the vessel is under water but very near the surface.

When the vessel is on the surface and about to dive under water, the vent on the
surface engine compartment 20 is closed. Pressurized air is released into the ambient-
pressure compensated surface engine compartment 20 from the air gnid. In an
embodiment, hydraulic rams and a latching system at the top of the 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 alr egress piping to
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69 In an embodiment, the emergency reserve air tank 33 can be

connected to the primary grid via a valve to provide additional air if the

primary grid needs more air. Low-pressuresgrimary air grid 5The

low-pressure primary air grid receives air from the high-pressure air

StJgea %ﬁ@i@gﬁl @B@a%ﬁtfi’mﬂw £ %‘95@%%&?”&%%&0& ments, the
through down-regulators: In an embodiment of the subject invention,

thelAit TSRS ISWE prdasiu paphifnEy aRagrRP it PID i8I WEHS doWAvedl s

can be 5%%8&%4%88«1@9&%; an 1%‘?5'&‘9&%&{;%%%{%1&?&%%E?ﬁ%%ﬁf’l%%el&ated above
higher pressure, if desired, up to the pressure of the high-pressure air
108ysteration ohtterainbainters o aier Siggectlinvantions thetlow pressetout of the
Prigyy. 8t grid purges e balast qompaKments, yents DRUSPSS, oler coming
hyarogen Ing charging, supplies the passé)nger compar’tmenf3
vitatizatithtsysiémdseppligs theapds pengescompdftnent denveesioheainttrior and

brle%%téga% gﬁ?ﬁ?gﬁ%%Eﬁégﬁo%%ﬁﬂﬁﬁ%ﬁﬁ%ﬂ%gﬂ IB(E; grs?gig ri[%tie. If the

enfheditrignts sibeloweprasIuit prémasyenis gridpeptermeadoipbested to depth of
taséés.r eﬂ; certaipn em odliFTents,.air from the low-pressure primary air
gritti8fs %OVBﬁFgPé”w (PR HF I D AR EBIHBRATENE &f tidPessel at

the end ofraceivgn dRisomakhe done plemihevassells disng-andisablpariment
point just -below the surface of the water. 20Electric or hydraulic valves

are Y58 RE TSI LAPEHBRCHTERNITIRSR- GHBITIEY T SSESiary BaNEgIent requires

In mady @nperdinentsndns ﬁ@%ﬂrﬁ%ﬁ%dﬂmﬁ%ﬁig&{%ﬁ%ﬁéﬁ?ﬁ@ levels under
electric valves in the battery tubes. While the batteries charge, the valve

opBRkeE YR AtiERH 4R ERtIOWS iR et trafeided reamplsirlyatelate the exhaust

. Whendhe RifeRrarsyrsstl ReshBLRN WG AEACHES 25 A SBPAINPEESFHIBIR engine

check valve at the other end of the battery tube r(138{)ens, thereby venting
1

anyHyREHER thie nﬁf@yshh\?é Hesetigspotitncaerses i éopdieeiyashérggeavy material
Progesa-dedhe Qhﬁsgg%ﬁ{é\ﬁrc%] f%?”éyﬂﬁ&%&f“&@ﬂgmeﬂfes@?ﬁe@?&%nt through-hull

pressure needed to open the check valve is 0.5 psi.
connectors are used for all electric, hydraulie, and air connections. Additionally, the

output shafts from the surface engines 31 must have a special pressure-resistant
watertight seal where they exit the pressure hull engine compartment and conmnect fo the
_out drives.

In many embodiments, the out drives are connected to the ambient-pressure air
compensation grid. This provides pressure compensation when the vessel is at depth
under water. The standard seal 24 on a typical out drive common in the art is watertight.

Inan embodiment, 2-to-1 out drive transmissions are used on each surface engine
31. giving a total of 3,400 ft-1bs of torque delivered to the propellers.

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 0 psi between the internal pressure and the external water pressure.
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In many embodiments, the low-pressure primary air grid comprises a

gas-tight 30 line that runs to the passenger compartment 1. The gas-tight

line goes through a valve that can be mantﬁﬂlly opened or closed. When

the valve is open, air is allowed to enter the passenger compartment 1
andicafyihds vented through the passenger compartment's dormant relief

vaive. This {eallie 10U 6 MRG0 LINE.DaRRe0eEMRAHISRE bR RS provide
70 completely c sed Whﬂe still refreshing the air of the passenger
compactmentripaitis fshespesthllhasehitwheretiievesselhic anahtguitaabty of ar
of the water, but the wayes.or weather make .havingt -

OB AT S B R Ao o B, AN PRR Rioy con sore
useghiohpiesstitize thpipassenpesednparivheot dndtdesivedpdation. The ability to
injection valve can be opened to allow air from t rimary grid to enter -
o P BT OO L1 B S i Sards e SR g puree the
andyglosedimensiaiyrinsan ghiessatverephodingiel thepressurengitbeompartment
passenger compartment 1 is regulated by a meter.system. Once the
Pro20. R Lish G EBHIBER R 115 SHgnkp GhaF TAledig passenger

aml@lﬁﬂﬁﬁﬁﬁﬂ# @t@ﬁiﬁﬁ%ﬁ&ﬁe&glmﬁﬁﬁi,Qﬂﬁ\@@[ﬂ’fh@@hﬁce@ﬂi@lﬂ%‘b%ﬂt of power
semi-closed breathing circuit can be used, In an open breathing circuit,

the @idiriantte et wanadpmme fadeekigel EoHPafinent 1 is open while the

SCBA air g dhe QWSS SHIR RYNasy-Arapsbie caniinowabaoehvace. are very
This allows for less of the pure oxygen store to be used, resulting in the

abillipnitrd aymtbfarrIOR FISITGRT DefS 3 FithEian ey R &gy ed amount of
breathing girsife a-FarBOR ARAiaxids serHbkefis bseddallening thepsame invention

air to be recycled and resulting in a decreased time to restore the SCBA

 air when s ekl ris Bippessinhsesiipawpdias. an asgateotRmeHsouree, in
2 COMBIesSHy | QL84 alhfiamdisHassendeh GeaRAEReMh. dlRvases the

passenger comparftment 1 is maintained at an internal pressure of one

atmosphetref antt enemablet SOBAalsstonds b usesddos HadstBpsF:. In

an embomﬂ'?”&nﬁ%ﬂ%o‘?ﬂgﬁéﬁo’gﬂi rtl’?é%@e@ﬁﬁ%%@i A 29:0REP AreatiRgerid systems.

circuit. In an alternative embodiment, the SCBA air stores areused ina
seniiiciesgdbrgattingacir it high-mesentain eRibodTBItsithemergency air grid, the
low-pressure primary: air grid is % Q. vide All 10: #0801 PQkG HNSHR diments, a
usin%mglt%me% 86%%/%85@&6&3%@ Iﬁeglﬁl%aéof %a (le usea,land éach ] ’
diveibeoprresissiptonthey o gpiés$teezprrmmtgair gad bsingroeebiticand may share

supgort. Th]i§e§ggrl‘ls%ws divers to stay out on a dive for longer periods of
time %Iif/}'lg\%rcomlng the

‘High-pressure air storage grid

The high-pressure air storage grid comprises at least one high-pressure Self-
Contained Breathing Air (SCBA) compressor 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 Jeast at least 40 cubic feet per minute. In many
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restriction of typical small diver air stores. Ambient-pressure air
compensation grid The ambient-pressure air compensation grid
provides air to ambient-pressure 30submeggion pods, chambers and
compartments to allow them to maintain ambient pressure and avoid

detgNpaan.ARd WALGHINTUSIAN WHED.LDE YEaSSR) IS, ACSRYBABIWALELS from the air

This system provides the vessel with the option of being constructed with
matierialghtharere of fightesayaiglorshed Wiertlioypicattythe meedé d tverbgistevels of
pressure. Thisd(s?){ﬁtem ?bl THrovjt(éles the additional advantage of allowing

MOLSTUre an Cr contaninan .
submersion pods, chambers, and other components to be constructed in

various gdameiticesiiapes.enst phstdionied:iolhddspiibeds ginpreydinders storage gnd

that are typical of pressure-resistant vessels. Another advantage pro i.dﬁd ]
oy T SABTABHLE D S BB ar e L 15 o bHARACar e pressure,
cormpanants00ot jstemdad o oaaraingigh: pregsiisege pHpadindel Majerreantanks is
be used on the vessel at such depths. Air compensatingg these

corfipiittehthepteEtheamtitsr Spherimaletspitiant Sraes gy of all storage

allawsany gerled snptenie sistantheastprasnbiochpngdiiachasd atlaehiede space
to the ambient-pressure air compensation grid to prevent deformation

and/ot iRRke fanaddn s RSy EfiBbdiments, components are attached

to 10the apbigntpEgsRIBRIIEAMPEREAIRR: Gt YiIa 3 MRNERPSSE: be udBd through a
many embodiments, the ambient-pressure air compensation grid draws

air PEmaHe Mg redense srkstslatfel gpits ks A svs i sgbraned sy for divers.
an ambient core reader 22 that gauges the exterior ambient pressure and
equalizes the pressure across the ambient-pressure air compensation grid

to rHAIEHEEREYAEIBF ambient pressure. In a further 15embodiment, the

ambient-pigRSUE, Al MPERI AL B At IS A5 T IS JOWHIR IS U Ban provide
primary air grid.
air to the vessel in th: event of a system failure; and it requires no slectrical or hydraulic
power to operate.

In many embcdiments, the emergency air grid comprises at leasi one emergency
reserve air tank 33 which is isolated from the storage tanks of the other air grid systems.
The reserve tank receives air during the rﬁcharge process via a one-way valve. The
emergency air grid can deliver air directly from the reserve tank to the main mternai
ballast compartments using a series of hoses and connectors known in the art.

In many embodiments, at least one needle valve is located in the passenger
compartment 1 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 1s on the
surface of the water, the emergency reserve air tank 33 may be used to imanually purge
the main external ballast after a dive.

in many embodiments, the air of the emergency air grid 1s stored at high pressure.
fn an embodiment the air of the emergency air grid 1s stored in the emergency reserve air
tank 33 at 5,000 psi.

In certain embodiments, the eniergency 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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In an embodiment, the ambient core,reader 22 comprises a piece of pipe
mounted vertically inside the ambient-pressure compensated surface

engine compartment 20, In an embodiment/’the pipe is approximately 18"

long. The pipe ismpen at the top to the inside 20 of the surface engine
compartmertm2@ardioper. dhthenisoamey trsthe §ras-fstig33 can be connected to the
serizconrolialle balast 10 0e SHOUAUING, I CARRAKIRRAL INSIdRdRCore air.
plpg, RrTéadtoné float trigger is mounted. In an embodiment, three float

triggers are mounted and are each separated from the next by a range of

abqut three inches to about f%ur inches. As the ambient water pressure

increlE e hRHE Fes&etyoes under water, water rises up the 25 pipe.

When wateklassesctanfirstitvoyflaattiiggers;dvor diectribshiitbhasssauee air storage

closed. When the second .switch closes, an electric valve opens to deliver, ,
i FOATAFPER G <L RO D GLERT & B o gD G egblcors.
high-pressytg ainistaiage gsidhd e Rift frommthe aliegrie d§ thel éasqriaditeetivimary air
into the surface engine compartment 20. In certain embodiments, a sin

[ > le
oA bt 3 G NS BIEARCR AR B SSIGBA V4D T AT and Commactors can be
embrdisaptsivibe RiEHaB e bicaipiessure tis perspeasdtibe lgedsessure air
distributed via an ambient core manifold which connects via vent hoses or
pip§itdithe . pods, chambers, and other components attached to the
ambient-p{g ssiMEI A SRIMERS AN BONif Ve, hesrsgaekipapihigary air grid purges
ambient core manifold to all of the components and 79 chambers that are

air-BiTpRARS ARSIDAHY RS BHHBIH Y R SO R YAGRER (UaReiGhAfRe, Supplics the
amBg%Qérfé%'ie Wﬁ?&%e‘rﬂ MaRY LMRPABRREs dhs suEfate engiRager compartment

compartment 20 serves as the ambient core manifold. In many

_embouimenmaadtirathiassirenigwrlise Baiirsrredndipbsirie baudpegvides air

5 Sé%@%é}@@ﬂg@%&ﬁ@%ﬁ%%ﬁéﬁm% BEar fesHigi PHBEES MRIah Ol -pressure
ambpilent core

of the reader 22 until the floats drop and the switches
reopemalry altematesfermisadimbiesedaskfioat, valve, trigger, pressure
sensor, orelgr APMMEBLKAANINILG AL 80 BroksR IREYIAe 418 is used to

air. As the vessel rises toward the surface when it is underwater, the

" exteriogeambiefibtothsresbareofprstwenis afdbrensed 2 epwis Qiradie T his may be
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ampent-pIeSSHIe QI Ccl)r&pg&?%tl ?:lqg%t% A0S0 P HRRY RIPREAUNEBIShe water.
the AlVes tised for dsé’;llvery of dir from the ambient-pressure air o
confiettsation yridaatec clogeds arditbrd dxpafrdingaair Bris thesimary grid into the
environmﬁFnt Lgli?augh vents in the ambient core manifold by way of a pea
trapsg?oé’ fl/l fm Of one-way valve commonly known in the art. In an
embodimehipeompabedisivernt tadkvwepthesws pambignaicotd snamifetd deptric valves
the air expands. In an alternative embodiment, compoenents irec e
o 118 LA e RS A C A Bl o BBt S A ey, and
CONRORERTS. the binenanybembddimantsWinelinkeddwymasgutatots: dpdiery tube reaches
placed at various locations on the vessel to compensate for, i
ovef-(SFEELD AL SRR el %Cg‘f}’(% ep%ﬁé%ﬁ%%oeﬁp%ﬁ z?éﬁceasftai}/et% ¢ opens, thereby
distzesedfsean thelaphiank oo tnadecdpriheied Roabiwdtherriggarepfocess to the
the ambient core reader 22 addzgaoa, additional ﬁositiv_e ressurg to open the check
dliffetefitds SREBPIBNRIalBIf O S EmPareddt e g gdicaT e P
ambjeRtGeEygader 22. In certain embodiments of the present invention,

each component that has an in-line down-regulator also has a

independeHt PRSI BWIE 19 VERESSIE R TRARY é‘r‘ﬁl%£ FERRESER @ gas-tight
ambigntcone rearel piRgdRs A thirshfleahal thedorsaf dheipipgodt Waigmh a valve that

reaches this float, a warning alarm is triggered on the control panel in the
passengermeamplyiarsrcthaicalnner X h i BlERiH RS AL allowed lo enter the

COmpROSAIAN G S ARHEANRHNG AIQUAN A 18 RIRISAINHAIGN A compartment's

watér. Calises include the vessel descending a rate that is too rapid for
the &imbiemtt{pheﬁgat‘eeaifldgﬁozp@mgaﬂgwsghg haich of the passenger compartment 1 to be
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30compensate, 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 Afessel include check valves to
prevent over-pressurization. In an embodiment, the side tank ballast

coffiparifbntioses editlprsd eeckivalssiinal dilopssiengoventipiitite 1. This is
inteinal AressHra SXRasHs he axtenal ambient PressuIe by, mare, than

i [ Hmt ¢ waves or weather
about 2 psi. Any component can be directly air compensated by

conAkeinting the atbienen. ppegsane air compensation grid via a vent |
hose or | In a_.compartment or 5 submersion pad that is
connectggl{ %%E%ﬁ%%%nﬁ%?ggss’uﬁé%aﬁ% mpensation grd. ¥k épéﬁa?ﬁn be used to
embdimentseafasserigvectiopathessutfatécengind senparément 20athe opened to
side tank hallast compartments, the out drives, certain radar domes and

i e

antenna domes, the hydratiie R EERSHPAHENERS SRMRAIRET A R ambgdiment,

aIIth)e\dimttwpb‘liedmﬁ&ﬁﬁﬁ@ﬂlﬁ@hﬁ@lﬂm@ﬁﬂﬂm@ﬁhﬁ@mﬁﬂ%ﬁﬁlﬂﬁ RiEssure in
éoensation rid via a vent hose. 10 - .fn an,embodiment, the

et QAL SPESEABBTY BB SRS B gressire within the

higiaspéegaute,ﬁksmagegﬁiﬂ-slrgﬁﬂf}uﬂl;h@{e?m%diﬁ@%nﬁ?éﬁ pressure outside the
ambient-pressure air compensation grldbshares air line S with'the

loW2STERET e BHRAEARRE by, Openlﬁfrﬁﬁéﬁbcé@ﬁ%éﬁ?@higg t’ﬁ'élv'é%elmd- In an
0%@iﬁvﬁiéﬁﬂmgj&ﬁ%ﬁﬁﬁif%%%ﬂ&@%%tm%%5§£9 §§1!ﬁ(r?%r%|1'ier}t 1 isopen

compensation grid. Typical out drives are water sealed but 15 .canonly -
withetsridaSsrEds aie e rdstiaropsssie PO bbtvesthisheitieros gt ivered.
extafior BH R IUELELIYE HRY,GRD H?fféﬁ?ﬂs{&%%‘hgrﬁ‘é%é}r%éﬂ%i%m the ability o stay
ambient-pressure air compensation grid, the net pressure differen ial'o

thelse driver ré‘?ﬁdﬁ@ﬁéaﬁlmoééipbﬁevenﬁng mefcfr;sml dmtetingethaaitt a carbon
dfiéﬂ%m%@é%ﬂ@@é} grlged, al!g\gﬁl%ﬁytgse I 9[1'9’ {:O%ng%lg %?e%talr? %sﬁﬂ%g W adecreased
oxygen tank 13 and a connection to the passenger compartment 11

ceftain leresisdinten s the uxydem gridvedsd complisesragestdiovalias

and conngctors| n.in the art, In cer{ﬁin embodiments, a

tmen compressor 1S wised 1o eejfgzj)&}&efﬁo{gnﬁg%ﬁmssenger

carbon dioxide scrubber works in njunction wi
tartksnp3iimet dailiorpaisxiger sonphanimavguinithesass may e msesteliuie ol one

atmosphere, and renewable SCBA air stores are used for life support. In an embodiment,
the SCBA air stores are used in an open breathing circuit. In an altemative embodiment,
the SCBA air stores are used in a semi-closed breathing circuit.

In certain embodiments, the low-pressure primary air grid is used to provide air to
one or more divers using a take-off connection. A SCBA regulator may be used, and each
diver connects into the low-pressure primary air grid using an umbilical support. This

allows divers to stay out on a dive for longer periods of time by overcoming the

restriction of typical small diver air stores.

Ambient-pregsure 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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its GWRSHEREHTROMIERISIN & G 4 naiteh Tt e SNIAOH e
altepnatars Reqvide pawenio e slesiricahpamaenans hiepiginas@ldd -pressure

. 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 7llusing a valve. In alternative
embodiments, the oxygen is introduced to the passenger cOmpartment 1
usipaiArstEresytiAneb ASHAERROIH M e SOMESTAR PRebtrichira)Stefnd other
TVFHSQJ;%%%‘?&%O@J?!&&H&H% DAAISISQREIALOR MAke Uee A QIasHaab the spheres
energy 'since combustion engines cannot be used at any significant depth
undexdwaterldrobeteassetyodlp opresatteryestsidy e @it power generated

while surf 0 j Y. Sianifi e S
reserves A L e U o erid s ha
relatifelycsvhell sespehaapablénttnivddiwaterbperanmsstiateni gerdsarater can be

- and,stoe s own power [or 8 dive, Wi, GAITVINN SIANCARY (HEhFSSRDLES the neco

aving sufficient range to make use of t reserves. The tota
divedime:aintideresien timespeg depliimentissealsdhvhigherstisamitgpitpgnent to be

small vessels capabl O(E 10underwater operation since the ggtglgcit .
: ) \ Y rid to prevent
mvéﬂ%ﬁiﬁ ' cﬁg?gléel s SWHDAHEASE PSS Slibject Invention fas an ©

electsicahsysie mwbichcarmprisesnatieashpembdidimator, catipastmnare attached to
battery, and at least one electrical qgrid. In many embpdiments, the
eledIcPE AT SO HESS RRBHEL Bt &itErHarbrs Coimected to the

surface enginem3iitatigraesaiscaletiiatyrahankinfdaiteseofogpbivers air from
storage, and an electrical grid of wiring, lSr(ieI?%/ﬁs, angaésx(/é/gchest at ¢ core reader 22
proftie FISF 18R & BRI RGO BE AU "GP FEgLRY. Oy ampmiorent corereader

n

embegliments afdherimventionevhes e wagselisiopatatingsenrthe sufaceambient-
of the water, it uses its surface engines 31 for propulsion and generate

lisirale: (fea further

power the electrical grids to run auxiliary 20 systems that the vessel may
includenaich 8 ifghts, sensors, communications equipment, and an air

| ConditiO”i”%%%%&%bd%ﬁ@éﬂ%@%%@@&@@&fé Qh%&%{m&aﬁ@tﬂ%ﬂ Bipe mounted
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the battery bank 12 to store power. When the vessel is submerged under
waterthabyifatis Brginbicat Rt BemRsaived st iRs sattr)raRsayent 20 Inan

provide %81%){%?1%,%%?? SF%ﬁﬁ%&%&%@%sﬁ'ﬁ»ﬁ%@@ﬂ%%@i%ﬁ&ﬁ%%@t@é% the inside
primarily used for p oBu siort and steefing of the 25 vessel. In alternate _
embodieentshetentgicsmotorsudrahiBrandiepmap s eobpsnar taydealire-flood semi-

thrusmrﬁbﬁ&ﬁe%%ﬁ%&z%%% Scﬂl%\gﬁ{ llitf'eecmﬂ %Eﬁl%ﬁhﬁ%%rﬁreﬁﬁﬂgggt%st one float

the galquiary Ive systems the vessel'may include, such as lights, sensors,
commggitationsuatpdpment caribdimairtcdimditi SorigigagsnareT mowibtdrand are each

and thiusters allow,the vessel,to, navigale YNABTWAIER ALEPRRR four inches. As the
commtonly a talnecf}byqyplcgl sma sugmersm es.
ambient water pressure increases when the vessel goes under water, waler 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 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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30 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 elegtrical system. Each system may
comprise a series of self-contained battery banks 12. The voltage level
arhdl&‘ﬁ[fﬁ@tt}tMP@r@ﬁi?—%%%&ﬁ@[@dwwn\@rééﬁ%ﬁﬁgggag-EYéﬁpooW%fpgﬁgéﬁ for the
task the vessel may be expected to perfomi, and any appropriate voltage
mabetiser fopedeld sistemy pidedrbteithe s fins prisisrgosipathivalt 20 serves
system i5, 6. yplts dire gryent (VDC"), the secondary electrical system is

12 VDC, and the supplemental electrical system is 110 volts alternating

current (MAG)NS nderbotime naistiof phesweentiom, theaprineaty electicilld becomes
system,comprises banks of batteries connected.in. series. In an :
o e A R I R ogsngns core
totahgystEmvilthg €ladt®drvp marhakeindivesepinotimpramaach:-hndeiyents, any
ba%k g:om[Qristes eight 30 V batteries for a total s%sttfnffl\ﬁl)olt,age of 240 V. In
furthar AiteratsecerRbB A feTHE % QIfarEh e ATIRSERO At HE DGl faR Qe used to
diffegentdolalsystem 10 voltage may be used. The primary electrical

system b%tt(@% banks are connected to the electrical grid, and the primary

electrical’sy ABNT SOrSTHO M UG SbH G Bt Heldst st b atibhigrambient

theneesgelomiieh isrAdbragsgacs iniwalers thedne:AiretvnURPIRY rsation grid
motive power for the thrusters-or for the hydraulic pumps that drive

hy GiF BRI tHPUBEERS SRRk i atiesr s fomdgisers arigdiom the ambient-

thg:seaaadannelgetisabaysiamoymeansahd eardfn EMUEIEIS the enVironment
many embodiments, the primary battei-y banks are contained within

indiVicte Ginbhie i fdas  CoRipTRIG I Mbtent pragsarapampenbareal one-way.
podﬁx@_&fﬁ%ﬁ/ WBWQQ§ tﬁ@%ﬂoﬂsaﬁf%baﬁéiﬁ%‘f@igmﬂpm%ﬁg PAWYback to the
battery ibanks may be positioned anywhere on or in the vessel, including
withiTHP Y SneimpaIiakd paike ¥ quseisedaretidterek it eHTRO L pperonents vent
boghyuerks, 3ihmedide . he pedsantubes oldipe g‘?ﬁ%fﬂé%ﬁk”\%@(f&a%%d on the
bank are typically designed with a buoyancy-to-weight ratio o :
apprasiniandly 1 so that they will be near-neutrally bl_J_oyaht. Additionall_y,

the tUbeShm'ﬁ‘Xn?’%lll?g @&%ﬂﬁﬁ’s?}%—tﬁn%%l@ \Qﬁ%?%%ga}%‘%bélt% %‘%%%(yﬁs\%%u%ﬁ ilfgcations OT1

transitions front a surfaced to submerge e number o

- pritheirgiseitte np tiasksandlforangramdsanizappr ostfiiegionberemayzabbedifferences

usgd. In an tembo[d_imett,efour battery banks contained 'r,}.pr ssur hu!l_og_ .
tubes are Used. In an a %er%lgtil)\lleéltte%}é%l |%15§}nt‘,"§i>?ﬁ§?teir§/ b‘é%rﬂié’ cﬁ htkined ©! the
in amiientpressue-20onipensateitipodpasiziuseeksdoradififirence of approximately

emk; -mseintosmeqr%g{_ primary. battery. l%anl%is designed su h. at it may l%e :

qum[gly Aol SRS |§%£E%g&%8 RO dROfEE R Ira?ﬂfr%ﬁl LR Enpodiments

entifehbanés@rinvention, each component that has an in-line down-regulator also has an
independent purge valve to allow it to VGI.]'[.

In many embodiments, the ambient core reader pipe has a third float at the top of
the pipe. H water reaches this float, a warmning alarm is triggered on the control pane] 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 ambisnt-pressure air compensation grid to
compensate, or a system malfunction. In-case of such an alarm, a pilot of the vessel
should cease fo 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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30 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, n,? ach 76 tr]ank may be ds
CrTRBT shchGly B ED it AR BATGIGERE) of S5 HuTRREhBRSE Barxceeds the

be QQFQHQF%%bient'pr@mH@@g}ﬁaﬁ ehihgoinventien, the secondary
electrical system comprises banks of batteries connected in parallel. In an

embodimeAOPRIIREER EarkcCHfEHSHG HWBPERSHYY BRSSPl e amblent
Two additional 1a, egwﬁﬁiﬁrﬁﬂ%ﬁ@h@é@o{fw%Mﬁg‘@@l&@?@fﬁ‘&%ﬁ%ﬂm ent or

but can be connected when needed as a backup supply. In further

‘emisobimeesics aadiftbrbnt nomBeicd Rt e b isatarrsE itk higHs@sation grid. In

'OW‘EE%%'}]‘E‘&?%(%HQ Qs el I‘I@ér@i%%‘?@{é%%@h&m iRE L5365k fiEnt 20, the side tank

secondary electrical system battery bank is connected to an electrical
gridyahdthespesndaty, elecwidalisystemeprovidedar: dopswerntbriiagdomes, the
and. cockpit (passenger ¢ rtm ontrol nifq{ggl ineataring ted 1
whehﬁ/ RV ggﬁi‘é%%”tﬁﬁﬁ%%&% %ﬁt aact\}\%tesri ?"Fwa gecon%ary%lectriclgf‘)ensa Ry
systemnalsmprovite snpisiaerfesthe sipplementzl elarirdcat systerhdsg.

means of g DC-AC inyerter The .secondary electrical @%t [es i i
may be Iojé]tga %F?\;\(Rﬂ)‘ig}%%r{h& E}Hl%%%nv"gg%sesﬁ%gllﬁ&onra%t g gs{t‘;%rrlpa e e%glga?rné airimes

- comprtte nigdmepassengerapmpdrtmerfuihtn ebbriamnirtbo dinbestspressure air
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 ball &SR SRR GRS He SRR

the secondary battery banks.are conta[in?ql 1vvitr_lin submersion pods . ,

confoRSRSY SIS STERHE PPEESTNE - EimpEiestad pBES 87 iR pressure

hull tubes. fhhepedsmadhes cONtainisg:thasanantans batledirbankis eoaypensation
be positioned anywhere on or in the vessel, inc gf&%%éy;é\hﬁglr%%rg%% 85%3_6&16 dbut
Thepads Qniithsahridingeach: Seranthans fatten baremrer2Betmisadlyand exterior
designed with a buoyancy-to-weight ratio of a proxjmgtel | so that the .
will BET RSP a BSOS R O A1 i KB eP Ay e B R Gpensation

as tg halancganskstahilizeithanessetasdhiransiionsfiomear supkacetttenting water
submerged state. In many embodiments, each secondary battery

bankameigestBa SR tHEYR may be quickly and easily disconnected from

the electrical grid. This allows for entire banks 25or for individual batteries
to be changed out modularly for repairs or maintenance,as as for battery
upgfatiegenegidanges in battery type. Any type of appropriate battery

or battery Z’(ﬁée&ﬂ&q gHEif i&ﬁ{ﬁrﬁ%@gﬁ:g@@ﬁﬁ%k‘% fanbothatheRiimadtion to the

and secondary eléctrical system batteries. In certain embodiments of the ,
invepdicangdee fotividtrakbatteriisogsatn botbad thenstiyergetigdr glyo comprises

system bateosRacksAushindhs serapanyglegrical system are
Ieadr-%%lld% absor ecf%ﬁgss mat ?AGM) type. AGM batteries typically =~ _
achieve a rhpidrtate afbedhargs. apploxidiatee 3owhipritastes Fachargection with the
80%02?‘%%?'&’3@’%}-. AP0 8IS WAL ARRIRASE N RIHBRY MEmY be used. In
alterfiative embodiments, silver-zinc batteries may be used. .
. an embodiment, cartridges filled with soda lime are used as a carbon dioxide scrubber.
In embodiments of the invention, the oxygen is manuaily 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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77 Each battery in a given battery bank does not need to be the same

type, and many different batteries and battery systems are known in the

art. In many embodiments, the primary;glectrical system battery banks

are recharged by at least one alternator. In an embodiment, the primary
battenthanksae,96 V and are 5 charge.d by two 48V alternators

connected in series. The alternators are connected to the surface engines

via a pulldyRiftleaielRirtpaidcriafyBaierrswine retkarsedilesiisd energy
vessrlis SHHAeRM andite suriane,enQines ars yaning. i @Mtﬁﬁaéw%}er. Most

embodiment, two 96 V alternators in parallel are used to charge the 96
prifeasgtbattsgbaaikey | sler agehad dipted kprmtishe bide\sufesehtdpige very large
us@t%?ﬁa‘?ﬁ%@@a% ggn fﬁgmafﬁ(e?qtg&%e}%@@%lﬁﬁ‘e} yet[‘ﬁgux%@beél of the present
embodiment, one 240 V alternator is used to charge the 240 V primary
battegnbanks [Rhérsecdatiasyybanaliessashyapadvel ohalgediley apdesan that can
one additional alternator, hi an embaodiment, two 12 V alternators. charge
T S e 0 U T P B e n
battevynpaniEcihanereguippedikvithspre§sticefiblandemvater eansotadldimstime and
The batlierél btanks 12 Cfals vent out any
510N HINe per deplo

8. 1'élp o ufﬁéj/?qgginﬁntﬂ?heessels capable of

rogu YINCHL 18 I’I'bu L
reéharging process. n°many embodiments o0 nvention, t
supplementabptestivondiaystém ishier piteuIaiing auree hingysisrowintameries.

embodim;lapt, th _voltagje of.the}ésup%el[nenta electrical system is 110 V.

All supplemertaPeté HReA L@ AhIRarig CIem: HRErHcarpiwet Bgeast one
conlesifiam-eikhsi-dhe tfeeACain vertas sanithe-secandany many embodiments, the
electrical-system-or from an external source, such as the shore power

av IS HOH M AS WIS LTS QM Enalaks prisoine o dhe stidpge engines 31 that
chaggerstadytgRargesanedminandaatianRanksigcfutheapacityridNerid of wiring,
supplemental eleatrical system powers any alternating current devices
cofnB¥etbitHe-Pes S PIYATRPIKEN 604 T EREIMARAGBaRRINE afrthe vessel
conditioning-giiecaR Briie RASSERASH ROMRAKNENL as Well:AS &Mhe surface of
device connected in the passenger compartment that operates at the

saifé Valtage usstHe Subie msitas dleeriaps)semnireanceis ddinvenpower from

thepguRpigoeRtal alestriaal sy siemeis 10 Niko.and a&ﬁ%mwhﬁ%ow 6 the

power tool, or other device may be connected in the passenger
coﬁiﬁ‘éﬁﬁ@éﬁ?@?@@lmﬁl %W@r@@iﬁ%é@upﬁﬁh&ﬁ@l@éﬁﬁbﬂ@s@ﬂn auxiliary
30 H}%Wl%‘ﬁ@ %&%ﬁ‘?ﬁla‘}fﬂb‘%‘@é{%ﬂyﬁ’ﬂiﬁ‘ 1'9&!9&‘13@‘%'}@%%1‘{3( 1Ay il&%%s equipment,

electrical systems and electrical grid are kept outside the passenger

conipbdtmend Fiosingoystsithé ddiciof flfe, thehdipassengbarge the batteries in the
CO@H%I}%%H}( Y210 store power. When the vessel is submerged under water, the surface

engines 31 should be inactive, and the battery storage provides power to the electrical -

systems. Electric motors or thrusters are primarily used for propulsion and steering of the
vessel. In alternate embodiments, electric motors drive hydraulic pumps to power
nydraulic 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 smali 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 2. The voltage level and current type for each system will vary depending



78 Hydraulic System Many embodiments of the subject invention

comprise at least one hydraulic system to help transfer power throughout

the vessel. The hydraulic systems transfer fower to rams that may be

used to operate dive planes, the hatch, the surface engine 5 compartment

lid 3 vand dhec Ol dilvehtrirsahchsyeeringededartamiombedipentppropriate voltage

hydrauljc systems actuate valyes throughout the vessel, such as jn the .

ARY S5 0 A RAR G O AP I B SRR S EeLCPLp s 96 vole
to thgdhrastess. (VDN manembedinenisaikgsassel 1af HisCsubjsbe supplemental
invention comprises three separate hydraulib s&:ﬁg s: the propulsion

hydisGirecal syatamiie At rERA RS AC LIS d the control

hydraulic $ystembdiheiyeeiRysiensmanSpaiaacastmon wsenvobipuites banks
each system typically has a separate source of power, The propulsion

hy cPABHECSIFSER RRSEIAR RSESE ORI WRSTYr FRSRBAYETS) theCHIRERS c1eht 12

‘ele@rgﬁ"'l'!e?)/é{%img anamkedimentiibe Mropulsian bydrauisisylbdiment, cach

uses two electric motors powered by the primary electrical system, In an

embeiddrn sise PR RGRCAMEgERSPP AR eI IaER? eldLificn further

~ motQirs comprises Ratieny Ranks-coMNBsiRd i1 SRNLR OVING 3 DR @RLRMEI system
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0196 volts direct current. The electric motors drive hydraulic pumps that
suppiidridrpovbersdnel sy seren Dakvas kP ilsrfpronnected to the

di re&g&%%%?\%ﬁﬁ%nﬁ’t %ﬂ%@%@%@ﬁ (s HF REPRAI IO BNASWISIUNIG: needed

provides power to a hull’evacuation pump. The hull evacuation pump

ejedts wetivomf2Deeintb ibilofitirshbintgsdpniasuonrudiggarcctly supplying

surface-from a submerge - Jsi ' ; .
e e S
moThitngitherthrigsters) hystwearyisensdobalinse the;strevdusaleiisphiistem by mneans of
conB -}S%Vefntré?%e?”ow a single electric motor to power several thrusters:

In many ein oalmenst's, the hydraulic system controls the delivery of

horsepowdn 2Gthyeughalitthesysselfandiotingbaseeffeotaaed within individual
transmission. The auxiliary hydraulic system uses hydraulic 19,41 tub

gen&rAEHI BS&fe?(.)EFﬁrelsrlw%rénggﬁ%r%p Mps raerg(aﬁeeelﬁs%gtﬁaglgélﬂg ce frkhull tubes
enginespdds i albembadimentlitherveasal has twanfrgdnaylbe pemtpsicéashivhere on

driven by one surface epgine. 31. In an embadiment, one hydrauli e
o DS B R S SRS e

anothgephsap divesiheaiitompressey sisedds tekhasgadherairsypgiyryfbank are
the vessel. In an alternative embodiment tlhe outpﬁt flows. fro

, the \ I i
R UASEFE T NGRRS KEWF R B GPRJRIN Y rg (ot ey wilbe
surfaga-QetgHNe S beaair comIpIessry, yaedhibeteaharoe theamit supplyodfalance and
the vessel, and the high voltage alternators. In a further embodiment, the
. stabilize the vessel as it transitions from a surfaced to submerged state.
The number of primary battery banks will vary, and any appropriate number may
be used. In an embodiment, four battery banks contained in pressure hull tubes are used.
In an alternative embodiment, 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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79 output flows from all hydraulic pumps are combined to power any other
device which must draw power from the surface engines 31. The

control hydraulic system uses a hydraulic pgwer unit driven by the

secondary electrical system to fill a hydraulic accumulator. The hydraulic

ac %nwlq rst rgle ﬁl 5 unq rpre il.{retto t%e usgd by hgdraulic. ; b
cylmSe e uohout e LS SR A G e Gy e im g con e
storeddoyttiie hydraulic accumulator actuate the surface engine intake

vent, ballast cantrol valves, main hatch, and dive planes. In.man :
oS TGRSR U (S RN E S Vi i compriss banks

closéraautiled electiielimginnilalmany emtaetinean s dbaspenndaymprising two 12
electrjcal sr{stem that drives the hydraulic power unit 10com rise,‘f[ﬂgatter

banks BBAEtEd i araliél il HRE an outp e Foib divats @rrofucally kept

In-aaeynesbadinigniss the byahiatiia acaemytaton GRmpsises@ sSWikh. In further
When the stored fluid is used and drained from the_hydraulic accumulator

to SEBAEMBHEsaubdlarsa siRbeR O Pt ve MY RATIY b RSP e e ey o Ltages.
the;Hydranligi 86EXNHRIG bAhe Wee Aftudd hytkaudic ey Blatial system battery

provides the advantage of not having to activate the hydraulic power unit

any e B RCABETAD TS BBl CTHS i AU kn e Ay drasiroARE £ GRIE R h sYR/gta grrovides
onlywhe e REGESUEIERPS RRIOW R GRUAIPRIRN IR IRE SYERE Bl fallbAR starting -

of the hydraulic-power unit, the hydraulic accumulator also allows
opetheidils Yasedeuarotiefsvdatmié dhseriviarof iraesenotiliens stersisglitgsten also

IS, IR D RIS E o JESYRIR R MR BOW s SRR BBSAC inverter.
with reference to examples of Specific configurations of the vessel. .. It _
should be Thioksestodsd tisdrotnis @ xaaiple baited erbodimivrigedasontede on or in the
herein.are RllSHAUYERYRASER QBN g{‘%“é/ P'EQEB? c%l%%’ﬁfg“r%ﬂg ittment 1. In -
and variét‘ic')ns(a‘rg poss\llbfe, aéa%\sbbeenp escribéd, artli5 'ére.étg be Plftment 1. In
included awithigitheispitit asd:pdavyewiaihis 25 aeartion pEXARMRLE Imersion pods
Th%cfé%ﬁ;‘%u"%%ﬂ% }?}H}Ql‘%%‘%%%ﬁ.ﬁ%&%‘ﬁ?{?ﬂ%ﬁqV%E‘sté?e% B s%?E‘ﬁr'ﬁr‘é%%ﬂ%%ﬁﬁtube& The
may be usefultor recreational or sporting ptrposes.” 30A centra
frameloilk ibessechicomprisingandddoe anttary baxkuimgbefreeiiesiehanywhere on or
in the vessel, including within the main ballast tanks or just under the deck withimn the
apperbody works 37 module. Thepods cr tubes holding edch secoidary battery bank are
typically designed with a buoyancy-to-weight ratio of approximately 1 so that they will be
near-neutrally buoyant. Additionally, the tubes may be located so as to balance and
stabilize the vessel as it transittons from a surfaced to submerged state.
In many embodiments, each secondary battery bank is designed such that it may

be quickly and easily disconnected from the clectrical 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.

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 baiteries typically achieve a rapid rate of recharge
(approximately 30 minutes to recharge to 80% capacity) without causing any sigmficant

decrease in battery life. In alternative embodiments, silver-zinc batteries may be used.
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resistant metal or composite material. Appropriate cross-bracing is

included to withstand sea conditions. The primary assemblies attached to

the central framework include a 80 passenijer compartment, a surface

hull, an upper body works, a surface engine compartment, side tanks, and
maipatHernahhaliastsiven Thetpassengaseondpatnient botrisimehgpe, and many
central framework via an external series of corrosign-resistant metal or

conibbaratPaterist Bahaat RS S MR S Bkterior pressure

hull with hgppigRberialerdsast he presstredid dsl gladttbardeptatk dbbecharged
feet with a safety factor of 16 and is 15 feet long and 4 feet in outside

diaietleashenpalierattickasenGadntF A icduisRicheirrs Qi g ¥ V and are
meef the Apenicai Buiealahs ipRNG:BRIRiantdardadeftbe deRifhnected to the
rating and safety factor. The interior of the passenger compartment is
outfitacRREEIPIStial DP edpipbiee 2llovHag-RHBITRAMERASHI 6o 6n RikRdRarged when
the jpteUQl.cRMpPNRNtS A OMaLAted, ThedHeHan i il dnestriedibodiment,
seating for five passengers, including a pilot, in a single row of seats. A
reatmdiintedtaneiondinarerlislinstudediorarzeitnds ¥ esmesy pakendigks. n
mU(;Pﬁﬁggle%nmglé%qll.ﬁlé{nfilllg% O;QGar]@él[thS)lf %”u\é@c':fstgl . esﬁﬁﬁpfﬁ‘ilmary battery

and instruments, connected via a computer mounted behind the panel.
15 Thalsurfacehulfwtnnectd tdithentemteal 4favh elimsriesithe psedHgpheree the 240 V

eSieal o PR MOUDIg HOles, 18 AN SRRy o cast one

using, bl €9
po er%‘oé}f-s%ye planing hull, and with"the side tanks attache

vessédisisuufatterpasfite lis dn ¢ gdinensl shap? Bhidrmataranhagetdralt iy sccondary

saltvg\]/attep is about 20-24 inches, and the vessel displaces about 30,000
pou HE S  Wwater with about 520 gallons of fuel and a moderate payload.

- 20 The intarianoddhe susfattdinl eantajniscthetoraimike ilarbaljagtped with pressure

- 20--ProvigessaliintakBeAllaroer gaskRbrhingseh ddhedarfaapgectrical-systemor froman

30

compartments completely and their underlying free-flood semi-controllable . .
el S0 SR 028 B T L A A R R S ing the

hull atsarcarpiaiasdke surface engine compartment and a free-flood :
semi-controllable ballast zone surrounding.the surface e

compartm&hFaRY FHRPBKIENBIGH i SUHTHE_ ! Plessili‘é’lwr?fggln%? eirigy ggstem is an

the 234PRAINREEMQRKSHIR BlUS BnBgasket, Sealoliagt betBuEgsAeangintelectrical
compartment is a box constructed of corrosion-resistant metal or

confygSHbIfriafd Mal AdheH B AHCEIRG AL SR AV HEEROPRHHE Ryl octcal power

hydraulically-actuated, seals the entire top portion of the compartment.

Theesilesetghesteipaiifehers presursdishipesafsm &t 30lRprfommected to
andhas:avalRe of BREHLIA%EUPIGHRAY charges the primary battery banks to full

capacity. The supplemental electrical system powers any alternating current devices
connected to the vessel. This may include an alternating current air conditioning system
in the passenger compartment as well 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 1s 110 VAC, and a 110V 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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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 intefgal ballast compartments,

store 500 cubic feet each at 4,500 psi, with one 81 in reserve connected

to tﬁe LNGroengy ir grid. The primary air system operates at 240 psi via
dow%r@a"royrsiﬁ‘n- -~ The ambient core reader comprises a standard pipe and

a three-trigirenyfloabmbckarish fandithesurfacgienginepomparteasintne hydrauhic
functions as the ambient core manifold. 5The ox nks are located in

the TR o B ohi e PR ) e p o e M o transter
Enpagla:oxygensisharasenbtousedply Afhes def fitemsuppotatotfiwhe surface engine
persons, accord standards, A cartridge-type carg??n dioxide

Ing to AB '
BB R foa In A B SEhgERGompatite ARt sdfricRHt BSragodiments,

for d@nhauic epaeaioncnihe wfe danks are aifheorpensatd Andiarg Aaghsystem. In
divided internally into two main 10external ballast compartments and one

forffaitrivm e s niyaRHEtYHERs Srnsmereatotesiistitong,
and the cambingd valupae.afiae sideapks ig aRouiier ¢hRigtiBst comprises three

The upper body works mounts to the central framework via bolts on . ]
PreseRiEE: rHBHING BHTREs THE mipRviBcey T WRWiscwitieths AHBHIMEdydraulic -
shell malded iniadwadepoiiyainally-fyaring sidedeeks dRRKING8rare a common
pasSenger compartment, each about 3 feet 15 wide and about 13 feet
lontesrAsRiB Aibereless SrainmiseddrertfePite Hiseenting e rear

deck, which S aboA RRHAEH0SANRML 4 fedl dreARM AR R wercd by the

attached seating for six passengers. A spoiler extends over the surface

engiﬁel@an@mtm_emmlarm mlmlm@@m@mem@m gHgeIn uses two
rad&%ﬁ?g‘aﬁt@w%g%}gs@%@;@ﬂ%‘ %Ig?&gé(t%ﬂ%ﬁ‘%gé?elﬁql%)ﬂ and &RH{%%% the primary .

the Tour nd the free-flood zonés. The upper and lower

portisnsiotitheysippepbodiivgorkshave disernbs oiometwayciappecyabatisy banks ~

a”ovx,'&%}{\%‘(‘ie&laﬁ%ﬁ%"}%x?”te;[%%ﬁ‘%%{ut% G980} ré’c‘{.‘@{}g %‘%%p.‘l%f%h%&nc motors
and Surtacing. The Tower pOrtion iS open at the rear 1o free-flooding
sentiseoritydited iballaspsectionpelyruntjngthd stidabm gngirfelenoid valves can be
compartment. The hyll gates qpen 1o free-flaod areas in the lower surface = . .
Pl EE Sy DUFGEOB S5 Bahalh CYRer BORTRS e L0 B B e systen
waigibividacpowvand ekplisiatuaiiie founmdineintér peddoatiastpump ejects water from

compartments are open-bottomed rectangular boxes lined with ballast,
el ARO[ ioaC B0V £ EGIE A0S GETIME! uipigpeed sate

connect eaffivpainintarnakadiasiccpspartiaentioeativatainexterdlibuilding and

ballast compartment, and the exhaust 1_ipeI valve isIIocated inl'ghg. b I
padSEFgart ?ﬁ&ﬁﬁb / in mounting e thrusters. In many embodiments, the vesse
comprises control valves that allow a single electric motor to power several thrusters:

In many embodiments, the hydraulic system controls the delivery of horsepower

throughout the vessel, functioning as an effective transmission.

The auxiliary bydraulic system uses hydraulic 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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30The 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-compensatedand combine to give about 19

cubic feet of volume. 8? Surface power is provided by two
44Q:hpreeRwerdnaiing jaheatddieselenebies tbiokwghod twanioodnre ¢geate which
ratio transmission, generating about 3,400 foot-pounds of torque at
ma&ihﬁhﬁﬁ%nﬁ%ﬂ%ﬂ?ﬁﬁ@@ﬁ%@eéﬁgﬁ?@sure-compensated at depth,

provide s Wlﬁ@%%lﬂmﬂlrﬁl/ﬁix%ﬂiig%t&ﬂl@@§%§§gﬂﬁ'ﬂﬂ%ﬁ@ﬂ@@ﬂﬁm by the secondary

displacement fuel cells of about 5130 gallons each are located inside the )
masteiritsaial Baitat 68mpardmditeccumyigenitémbyorauirigerpy ier stores fluid

S“ri%%%-eg%%%% Brggiﬂ&ﬁ% ?ﬁ&ﬂeﬁhﬁc%ﬁ%ﬂgﬂ S8 Mo ROME RRERIY The hydraulic

banks, e encasedinas ersion pod, provide electrical storage to

- thecptimdary @MWMEM ﬁ@mm@w@t@éiaﬁwm@@@aﬁqate ti?e surface engine
su k{n rg IVO QnP %%‘11'1?15? égg%eféjrv%\efﬁss lil‘l[lf?iln ll%b%f] rﬁﬂlﬁﬁ'i%le?] Qn‘éQHﬁEH%')P Pmbodiments,

rated 10 the rhaximum h'with safety 10factor. Each battery bank has
eigtitd@adeadid ddveoltAGM-hypeadhy peihpattdrisddcermepied dregerietor. ln many

- TS SRCONSEN. ClRetical SYSIPT QBIAIES AL A 24P (AT IS PHOMEH: power unit

storage by two ype dry cell batteries mounted in
thesuifade ehgire, compartommatteditn gnatiditibaakemengengyuteseivevolts direct
battery. The supplemental electrical 15system, which operates at 110
VAEEBrovided by an inverter mounted in the surface engine
compartmpithand caiteatiaciosiee$gdendaryceleatriical spstenises a stvitch. When the

series of pumps Iocategs.i 1 the surface engine compartment generates )

hy Qe %ﬂ%@r‘\ﬁﬁﬂéﬂ“ ‘%?é‘ﬁﬁ[ﬁﬁ%@ fgeti%%ﬁ%}%ﬁ |cuglj?|{%?.a hé ﬁucr%%as“%tliﬂéessm ¢ the
powenesh ByiRlaeliadngtars Copareteaiadheiprinarydelrticicalisysterr. The use of a
grid. Main hydraulic thrusters mounted 70 to thE reaf of the ugﬁerbo

) bod .
workiITgH GiTREHEIRIEF ikt Aovide SLASL IRV IGgIals de hydrauic

. Foryardrangk aflwaraulicathrasierstubas pravide yiauehatiod Petraciables activated
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" assErRb Y RS ORISR I%ﬂH?oHﬁIBWT%éegﬁi%EE‘BﬁdﬂéB%yﬁU@$

dive planes mounted in the forward portion of the upper bod Workl;ﬁ]ﬁ'fg]“re of the
via powertakeQis e DIYIRIRANE RIS AR ator also allows operation of the actuators for

a limited period of time until the stored fiuid is completely drained.
. The subject invention will now be described with retference to examples of
specific configurations of the vessel.
_ It should be understood that the examples and embodiments described herein are
. 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-bedm 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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25 auxiliary hydraulic system, which provides trim and steering to the out
drives. The control hydraulic system actuates valves, dive planes, and
vent, and is driven by a pump attached to ap electric motor powered by
the secondary electrical system grid with power stored in an accumulator.
The vesselis ouifitedanith GRS, radar forward, and, dawiward-SengiRd e engine
sanar, 3Gautopiiot, and chart plotting. Extemnal Bntennad are =
pressyra-coenpeangatads, andlinaientitenvddsdidstabout 32 feet in length

and about.28 feet long at the waterline. The total beam V\%j_th side kar]ks
installed is KoBUT T35 FEPRANGTHE HIAHNS é%éﬁ? SRR SETHE ki T e temal
abauitce deebridkivehesdraithibaikeebiabs topatihe pagsangsiplses a cylindrical
compartment and abgut 8.5 feet from the keel to the top of the spoiler.

THE SRR WD 6 ToeRIG TR A et BRPERARBL ESIE o a depth of

foliawingembogiment atihe pigsat ysntionds d-eanfigu ationdhRtdiameter. The
maybe useful for military purposes. A central framework is used,

copREMgtRis isea B Bortdsirrs BREbADFGHI SR st iHstdrBprican Bureau of
C°W¥%@%%aﬁ@£ﬂ%%ﬁﬁe%@§ﬁ?ﬁﬁ@%§éﬂfé ghép withstand
|

sea conditions. The primary assemblies attached to the central framework .
include alb%gggﬁﬁg@?%éﬁﬁé%ﬁtmﬁe@%ﬁme@t rﬁ}rytéﬁ%ﬁéh pEWjaNGrRemposite
a gface SRFINSCITRBHISN A SRS A AdbmanatemalRRliashe interior rim
The passenger compartment mounts to the central framework via an
extém;auwtéée wlépmwfeeﬁg@mmmwwm@gﬁ@lﬁﬁaﬂer?ealb%ﬂﬁd@wmf seats.
CORRUSER G ANURARCAL AR F?ﬁﬁéHI&e'a!J‘h’x‘@tﬂ&ﬁ'ﬂh%pi‘%}&%}e | apd multi-
The pressure hull Is rated to a depth of 15 600 feet with a safety factor o%
sevenandizp iy febotong. ensthddectfirmbutsishsldistats:. SEheornatedalnstruments,
thick quali 10N iechhi t the American Bureau

of St T A SR e L S e aer

ipping ( rating and safety factor.

- Additionalrethe Tzt itk usadsforthonstiustibanhaveriadifgh Mith fireatr using bolts

level resist'amce.
conncecic

and with the side tanks attached, the vessel’s surface profile is in the general shape of a
trimaran. The draft in saltwater 1s 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 mterior of the surface hull contains the main internal ballast compartments
completely and their underlying free-fiood semi-controllable ballast zone, which in turn
house the fuel cells and air tanks. The surface hull also contains the surface engine
compartment and a free-flood semi-controllable ballast zone surrounding the surface
engine comipartment aft. The exterior of the surface hwll shell mates at the top to the
upper body works via glue or a gasket seal.

The surface engine compartment is a box construcled of corrosion-resistant metal
or composite material, and a hydraulically-actuated vent door at the top provides air
intake. A larger gasket, hinged at the rear and hydraulically-actuated, seals the entire top
portion ofthe compartment. The surface engine compartment is pressure-compensated at

Two 5,000 psi SCBA air compressors are used to charge the air system and are
located in the surface engine compartment and hydrautically driven. Eight tanks, located

in the main internal ballast compartments, store 500 cubic feet each at 4,500 psi, with one

i0 pre-driiled mounting holes. It 1s a V-shaped powerboat-style planing hull, =
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The interior of the passenger compartment is outfitted with a metal or

composite 20 box-tube framework upon which the interior components are
mounted. The interior allows seating for fivé!passengers, including a pilot,
oriented longitudinally. A rear-mounted air conditioner is included. The

fromh hasmcantiotpanelenormgithsg reegrdisPlayaiiowiny syséeatnesielnt 240 psi
vessel systems, sensors, and,instruments, connected via r A
TR DRATA R pa S S R Tot S A T e e g g thce
25s6igtiBgfRr@ancchatie stithce: hullfconaegts totheerdalfrarensorkthe ambient
either with glue or using bolts connected to pre-drilled mounting holes. It is

a \e8apan lverboat-style planing hull, and with the side tanks

attached, g yessel saufage prafie is indhppgenedasbapend artricoananied to the
The draft in saltwater is about 20-24 inches, and the vesse di%)lace

ab G STETTIOPBUHER oF IRAtEF AIYREBERBTE YAIRIAB S TS HR S e support 1o

mogetate paoad ordingd e AMSY ighidhe sudaeedilgantainsihe sraia scrubber is
internal ballast compartments completely and their underlying free-flood

serilaHebimbie RIEHRIEY SOEIRIFEIT R i UL TS eend it pporaton
tanks. Thergurfaee Ryl %QPQB%%M&%@ QPPINei B4 campanimentivo main

and a free-flood section surrounding the surface e‘%%ine compartment aft,

Theseabbadtheosurmacashil g Rt e haHas teuppatepbdich side tank
works,via glue.of 8,0askat f€8bmbined vIIRMRESQRIALRINBINS i8t® delusiechbic feet.

on the surface hull with connections to the 5electrical grid to provide for _
computer files sopetdtody WEnkssudans Enginecasrjimaaarks aadlts on pre-drilled

CONSHIEA, 9L SR OO I, AL RO ORIl ot o oo

hydl%%lhca ?)actuateé vent door at the top provides air intake. A larger
gasketginidged attheingaidetethaifankizihoptssmessr SORIBAHE B radbppout 3 feet
pOf%Heogl}H %b%%np?%nﬁgxtﬁ%-r ?01&5@%@?@%@%‘{89599@ RS side descend to the
pressure-compensateg at 10depth and has a volume of at least 110 cubic
feetsThdatiaterials isebidar tOrfstiustion ofdhbatmfartndenp drsdafrahigh attached
MIS threat level resistance. , = Two 5,000 psj ?‘%Eﬁ&ﬁ cmAre: A,

: 2r's. X uridc £ ent cover
use%ﬁ%l%aorlgséxtﬁgsgﬁ}l%yrs?te%sgﬂl Are %%astgdem the surfacg%ngﬁ%%
comypdrimnent anchiydrtangi ecabynarvend Bightdandtsmiocated in the main '
internal ballast.com a# ents, store, 500 cubic feet eact atLé} g%) 93{1 "P{i}r_}?

7 g &3, Dattery banks
onel5inr %%R}tgr&(grn é%?e%?%eﬂ% %‘Ré?g(esﬁwozﬁ“ar? . e1 prlmgry; gur i
system vperaéetoatl 24P Sihdappevnste gulatqrsitibhe afitiempeoits fyadeks have a
compriSes a standard pipe and a t% ee..trigger floaf mechanism nd.{hﬁ

- i d { bl
S AL S AR APt S e o 10,0 e a1 e ascribly
during submersion and surfacing. The lower portion is open at the rear to free-flooding
semi-controlled ballast section surrounding the surface engine compartment.

"The hull gates open to free-flood areas in the lower surface hull to fill or purge the
ballast sysfem. Pumps are used to assist in water induction and expulsion. The four main
internal ballast compartments are open-bottomed rectangular boxes lined with ballast
Jiners and combine to give about 170 cubic feet in volume. Pea traps connect each main
internal ballast compartment to cach main external baflast compartment, and the exhaust
pipe valve is located i 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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The oxygen tanks are located in the upper body works and are connected
to the 20 passenger compartment. Enough oxygen is present to supply 48
hours of life support to five persons, according to ABS standards. A
cartridge-type carbon dioxide scrubber is mounted in the passenger
compartment with sufficient s_t%g(zs for 48-hour operation. . The side,

tanks are AiF-RCHROSHEARICAHPARY B A RRERAtETh IR Rt RR Tiilisiicl engines

extero@diballash aeropartmentsianchangaorad fim:hallast aompartRafounds of
Each side tank 25is about 28 feet long, and the combined volume of the

sideTtRIna TeHPBHT G8ushiiufday cpnEhsidie e ARS HIE CORYtrEtd #rdgpth, provide
materialopithya Righ. Nbhireah ey QoS IRASEy ariab I IPRERBRCY WAKSo f about

mounts to the central framework via bolts on pre-drilled mounting points.
ThE0spdrBsayclerrIsaiap iadedheanarinieratIrHesl deairroges.

longitudingllys WRRNG-3IdR,ARCKs ARk Ine NFSENIRT SOMPAINR Ve clectrical
each about 3 feet 30 wide and about 13 feet lorg. Aliminum ‘staircases on
eithetaitd desbettel 1dahksrsastomsiasedhich Sshaboston@®édeprwiddeatet trical storage
ab f . The profile is r. -minimi ar-absorptiv :
o Bdn e lel A0S TON0 S R BRANG pos
attathiiaentssatre ey urd memisod rissitedbumcietsocchn thexattachigih with safety

Additionally, wells are gonstructed into the deckin or missiles.. . . .
carga %{grr'elt:r'”é%:ié\:a aﬁﬁ%\/ su%lgr}ﬁergglsoﬁ]‘ﬁﬂgd%a t?lgﬁelfrg}g@ gog‘dlé@r? ?easlgnf?grbmenes

housimgatednitiesrseas well. 5The interior of the upper body works is hollow

and housegs the four battery banks and the free-f| es. The upper .
i lower DS S e 0 BOST TR TR Mot BPDELgay e clectrca
flappergeabse sy allieadng iWat€rNG eptedrane b ik tiad assembbl dhrilg surface engine
submersion and S'fﬂfad%ﬂ The lower %ortion IS o?)en at t%? rear to the

fre & ARG Yo M SRAC AR AR ST SR RN Bin g R R Rplggisatal clectrical

" engjsromprHipaatEQiThe hul @aesepdbdofraetfloatr mounted in the surface

semi-controllable ballast zones in the lower surface hull to fill or purge the
bafi3ET B BH) &4tE HRSBAGE AL RIS WARE FiFfdUI oY SiFRt:

expulsionA EegouF paaipsienaliRaliast sappasimenis:fMAment generates hydraulic
open-bottomed rectangular boxes lined with ballast liners and combine to

giRPAFHITRIFD EBRIERISH (oRimBybadit 45K coRRditeatIA frR fitd by electric
baliasbeorpRacRant B A A eHeN3kiabaHast CAMRAMNMK thrdfts mounted

the exhaust pié)e valve is located in the passenger compaitment. The

trirf BBRARSYEHRRMEB A PIRERSIOEKSII Y EAMIE FHISLRTEH rearWert apvidetpebsurface
degloanRigIasHhiED Janks: IREaRMIINIRG RI0R LRE o ViRE R RANAS! Retractable

compartments are air-compensated and combine to give about 19 cubic
fectvt plgaarounted in the forward portion of the upper body works assembly assist pitch

and roll control.

The surface engines drive pumps via power takeoffs to provide power to the
auxiliary hydraulic system, which provides trim and steering to the out drives. The
control hydraulic system actuates valves, dive planes, and vent, and is driven by a pump
attached to an electric motor powered 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 feet long at the waterline.
The total beam with side tanks instalted is about 13.5 feet, and the draft is about 20

inches. The height 1s about 6 feet, 10 inches from the keel to the top of the passenger
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Surface power is provided by two 1400-horsepower turbine engines. Jet

drives, 20 which are pressure-compensated at depth, provide surface
propulsion. Four collapsible baffle-lined varigble displacement fuel cells of

about 130 gallons each are located inside the main internal ballast
COMAPARIMEALSt and aB¥(R RHTERAIRGE: GiveR Ry thaspsiane agineThe vessel weighs
provide power to the electrical system. Four battery banks, each encased

in 22BOBTAEFESHPRBE TGRS @lectrical storage 25 to the primary

electrical system, which operates at 96 VDC. Each submersion pod is a

tubular pressure hull o f material and cOnstruction ratedio the maximum

depth with safety factor. Each batterf:Bdi¥ak 2ight silver-zinc 12-volt

batteries copneaied;in, SeHRRimen! SRFEFRAMRIRGHIGRL 38 Mration that may be
operates at 12 VDC, and is provided electrical storage by two silver-zinc
batterids oountddiirpthesasface engine compartment, with an 30

additional emerge reserye. pbattery £ 1 ical.; Wy
cystem, wo T D £ B e R g o gorosin
the suiface wagine compaiteenteant Apacietocbessasondasyabickitalwithstand
system. 86... A series.of pumps lgcated.in th r ' -
BB R AR S oL SRS O e incude o
hydpasdie geid cTineapuineps arespoiverddiby etectpismbtols sonhiectedtoface engine
the primar electri(clal sallstem c{;;rid.. Main h%/ﬂg%;l'”q thrusters mounted to the

rea DI5BErBSH R RS SAEIAEF Site’dt the rear deck, provide
subsurfacerhpriapstaign. doarpatchantdnaduhydiatiic ¢antistef- subasopkoviden cxternal

yaw control.  The surface engines drive pumps via power.fakeoffs to .. . .
PSRBT S e B AR RO 5 LA, IR P oe S otindrica

steestngits HiesoukdiivesithheeosireHytsaulicBysesssanibatiéssvaledsp a depth of

dive planes, and vent, and is driven by a pump attached t electric . ...
mot@&bfﬁ%}‘é@ WWYS%Mdgﬁe@Fe%?ﬁngg};s{%%%’?ﬁj%‘]‘fﬁa g%%g} outside diameter.

10styeehin-pRIasRUmYAtRA]ity, AEcyassetisotudiiteguaitieenilitanyidiGn Bureau of
radar, forward- and downward-sensirég sonar, autopjlot, and chart plghtliggflany the

ExteYHEPHHiHRD) Sandrads (- dBinfenatatn deftisHERmifeany A

COMpuBicAIgRAeyicas AR RERSEALIR BUBMEnsIpRAqsks: Thgsente vessel
is about 32 feet in length and about 28 feet long at the waterline. 15 The

' total beam THEHISRIOT A e PRIETREFTS ARSRETSS oot Bk (i lypdnee! or composite

25

aboyt 20, inehesn MG h it isabauke feehidOdnehesdiamibedeeatda. thee interior
top of the passenger compartment. The vessel weighs about 26,000
pouidewshieatig for five passengers, including a pilot, oriented longitudmally. A rear-

mounted air conditioner is included. The front has a control panel and multi-screen
display allowing operation of all vessel systems, sensors, and instruments, connected via
a computer mounted behind the panel. Co-pilot 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 2 moderate payload.

The interior of the surface hull containg the main internal ballast compartments
completely and their underlying free-flood semi-controflable ballast zone, which in turn

house the fuel cells and air tanks. The surface hull also contains the surface engine
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EXAMPLE 3 The following embodiment of the present invention is a
configuration that maybe useful for industrial purposes. A central
framework is used comprising an I-beam or box tubing of
corrosion-resistant metal or composite ma drial. Appropriate cross-bracing
is included to withstand sea conditions. The primary assemblies attached

to tRE'BERIRSTHARASWBT IR FeA abBrERENGRs Bshipirhentaesarmggment aft.
huif; 2R, UPREF ROAY WERkS: 13 AUHae &SRO NETABRCRL SIHEAPIKE AR s Tue or
main internal ballast. The passenger compartment mounts to the
centEabfrAfselvork via an external series of corrosion-resistant metal or
compositg- ialibz ' ylindj i e I _
it nemiephen el S e presha e PSRRI o e
fegisoitical safdty factodoffoevenanet isrd 6cdigieelong and 4 feet in outside
diameter.{ rial thickness. quality, and construction.technique .

eet the Msch R e R B R SR Reostant meta
ratimg-amg ety faciol,. ibdiontrenidcis! B cammposed dbacaylibe ame provides air
there s also acrylic in the lower and upper, portions of the passenger .
o B R R R R A B Sfaagenire v
wittoetinetdklor conppositenb Ghéunetitamayierdounaminbichs fresiieridmpensated at
compgnents are mounted, The interjor 5. includes a folding berth for : |
B D5h LA 025 AL SHRIEAREh Lok A BESius fopamiion of
pagsengeparinettdingod pioth TG fient haglacentelypanel and :
multi-screen disgla allowing operation of all vessel systems, sensors,

and instruni@ns, CORMettel Vil £ YHRTBHEF MEREd heRineF the pamgiiem and are
TheauaselileppBesisto dngsetial iameuank Rt uywih JigOfanks, located

using. bolts, 10connected to pre-drilled mounting holes. It is a displacement

hulft FREGrRCHTSAIIRRY FOBRaPEItHan (A GPHE [réridas eatdmpfis, vith one:

and, fageyessallisRiace hatonidHe 000 pands phnatesindbiadu dugls s 240psi -

load and heavy payload. _ _ _ i
via down-regulators. The ambient core reader comprises a standard pipe and a three-

trigger Hoat mechanism, and the surface engine compartment functions as the ambient

core manifold.

""" The oxygen tanks are Tocated in the upper body works and are connected to the

passenger compartment. Enough oxygen 1s present to supply 48 hours of life support to
five persons, according to ABS standards. A cartridge-type carbon dioxide scrubber is
mounted in the passenger compartment with sufficient stores for 48-hour operation.

The side tanks are air-compensated and are each divided internally into two main
external ballast compartments and one forward trim ballast compartment. Each side tank -
1s about 28 feet long, and the combined volume of the side tarnks is about 195 cubic feet. .
The side tanks are constructed of a materiai 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-about13-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 interior of the surface hull contains the main internal ballast
compartments completely and their underlying free-flood zone, which in
turn house the fuel cells and air 15 tanks. Tdwe surface hull also contains
the surface engine compartment and a free-flood section surrounding the

surface engine CoMRALRSHE Rtk JNenexieriphiofihesiufRer il Shekre gun mounts

mates at the top to the upper body works:via glue or a gasket seal. Part of .
the sunfiigsélhlalislsonstniaetiashadryliddic praliae el lviewfogshtdeshinto the decking
throyah e,batiom Ot NS PRRARACP RO TRAKIAE! ST URBHIAGE BHBIIF: present
compdrtment is a box constructed of corrosion-resistant metal or
confpositesmgterialtiansaa Wydraulically-actuated vent door at the top

prOVIde.S a 1!irelt1a l%g"éar‘ I?.rt%g) 0y aesrl%ecgd.hl\r&]/%?lgs?st ﬁgﬁo%%r &‘ngses the four battery banks
hydraulical y-acrtlua}e , seals the entire top portion of the compartment.
Theasdrfacérendinel conepafirmenbis preskuver pomipensatbel wpdepthiamarks have a
has a yolurEe of aboggﬁo cuhic feeE1 25Two StOOtO ES{ SCBA }gi{rme
comPrESsBr & 4re" A4S dRBLRAYE e Al Systént and are focated in t
surfagerengineedmpartingntianid hydpaulicaly driventtEight tathestecfteding semi-

in the main internal ballast compartments, store 500 cubic feet each at
05GOS loRlS BAL2R e S CIRPISLREES SHE S EERR Sy BRI A

primary airgystein epesaipamab23epbyib Wannrdegilabdsballae anient the lower
core reader comprises a standard psige and E;chree- 30trigger float.,

mecHaRIEHRAh P Suitsee BRGNS Y SHARAEAPRATEHGRE RS THE Ahttightnduction

corgfaarifeldsion. e ax¥genianksaradocaledinctispuppeniodyewesks-bottomed
and are connected to the passenfer compartment, Enough ox?P/gen is

prederiEREslipEy St It HEThBRIabIRE S S8 SGRHGHTIAY parsahd, 0 cubic fect in
accoylingdorABm siansaidsfnGatitidaes e SRR aidaR gaBbRefin external

mounted in the passenger compartment with sufficient stores for 48-hour

opePaligsl TRPaE inRatARs BrhesthpErSANE Mritralrd BdbARIigREFT compartment

ﬁsésembly during

internally infQ Jwg,mains %ﬂ@ﬁﬁ‘%b%ﬁ%scﬁ%@ﬁﬁt%ﬁ&ﬁ%@ﬁ%waw above the

trim ballast compartment. Each side tank is about 28 feet long, and the

confiipleansbidmerdfime ks kegieddrotherssbuanisic hedtim batpy gpapriments are
body;wogks,meuatsiauths.Asalal frmawarkivahplisanpredilled

mounting points. The upper body works comprises a fiberglass shell

molded int&wfodongitatinatyvidehivy Sidel el homapmirg o Hassehesy Jet drives,
°°m\%‘ﬁﬁ?%{ﬁp?@s%ﬁré-g%ﬁa?ﬁf&%d 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
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 1s provided electrical

storage by two silver-zinc batteries mounted in the sgrface engine compartment, with an

- additional emergency reserve battery. The supplemental éléctiical systemn, 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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10 wide and about 13 feet long. Four extra fuel cells, doubling the fuel
load, are present on the upper body works. Mounting for two manipulator
arms is also present. The interior of th%éjpper body works is hollow
and houses the four battery banks and the free-flood zones. The upper
and lower portions_of the i(%)g?er od worg\s have a series of one-way

flapper Vaﬂlgeg}egl%”\ﬁma% Sh s s %ﬁpméeggwgwﬂﬁﬁﬁaﬂates hydraulic
15pubmersian andistfachadioTine loapuperdion BIRPEMAIdhergawtfed by electric

free-flooding semi- controlled ballast section surrounding the surface

endiREEOTRPREGHRR IR the PrmepalcgHied BistmierleMlady drats fhsirs mounted

lowgriseiriace iyl i Hl-yoryrgeihe halasisysiamuRUnpsiaR, veed dosubsurface
assist in water induction and expulsion. The four main internal ballast

coigRrsients ereash aRdttbmEer HsCRiRg G roxEs iKkditis BEmst 20
liners andgRreRiRe 4Q-GiNERRRHIL A GHDIC BT YAlBE: BEAURRS power to the

connect each mair] internal baIIz_ast compartment to each _main external _
bakast lsan padrmeist sasigthednpapsepilrs Vamais!|stesengnaribe out drives. The

pa %ﬁﬂ%?ﬁf&%%r%gﬁf actuates 983‘5%%'59@5@9{% ﬂ%ﬁ%&%@%ﬁ%ﬁ@% pump

tanks mounted rea above the deck and forward trim tanks located |
theatfieidred kan éetting tallaspeompditribniscarsasaiccompensatogahdith power
in toa%ive aboqt 19 cubic feet of volume. Surface power is

g% i ac

comb
prgci}/% %y a S|(r:11§%uﬂ%r-horsepower marine inboard diesel engine

through aTheovtesehes geditatio transntissionS gederdting atdoutB3j48@ward-sensing
foot-pounds, of.torque at maximum thryst, Out drives, which are - i
orethite SOIhodh Lot Brsvi gL TR ot i, Mg compensarca.
collapdititen dafifistdiryech vanahleadispteearent fuetaelis: 30bfrahaois H30.

gallons eagh are located insjde t ain interpal ballast partments. :
ol ater SR e O TR R VR SIER (SRl i wateline.
electitcaliay stam. vhoshattenkbanks|lenshaescased ifta sumaesinipadibout 20
provide electrical storage to the primary electrical system, which operates

at 98" c%fﬁébﬁiﬂbﬁ%i%%#q g%ﬁaﬂéoa“’éb% &\’éﬁlb‘?j‘se&&r% IS @?i&?bse”‘éer
and siapstivetioratesstertheimaxivyideptvuiusaiatn fastor. Each

battery bank has eight lead-acid 12-volt AGM-type dry cell batteries

connected in series. The secondary electrical system operates at 12 VDC,
and is provided electrical EXAMPLE 3

The following embodiment of the present invention is a configuration that may be
useful for industrial 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
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 sevenrand 1s'15 feet long and 4 feet inoutside 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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5 storage by two lead-acid AGM-type dry cell batteries mounted in the

surface engine compartment, with an additional emergency reserve

battery. The supplemental electrical systengwhich operates at 110 VAC,

is provided by an inverter mounted in the surface engine compartment
and:atipebead 4o b secondanteleciical sysiem. fesriias ehPURRS portions of the
located in the surface engine compartment generates hydraulic 10 power
WhiEﬁ@tﬁ?ﬁrﬂ?m%ﬁ@?ﬁé hydraulic grid. The pumps are powered by

electric matQLs GORPESIRRL I IhEREBaRY BlBGEIAaL SYBteRY: OFith M or composite
hydraulic thrusters mounted to the rear of the upper body works, on either =~
sid&Vfthbe dimaarRtin HAG eV bis UisabipidpEASIBR PP WF M g The interior
hydraulighrusiar I RRS RTRYIHESaY SONHOk JA16i S TaGE £RIBS tation device, and
belt-drive pumps to provide power to the auxiliary hydraulic 15 system., _
whistatpng ke tHeipesit stsefiriubnae olptriVes PRk hesritksiid Ranfé and multi-
SYSEILATHAS NSTind VS QIANGS o /N VENk AN IR AIVER0 8 BN Rhstruments,
attached to an electric madtor powered by the secondary electrical system
griccwitlegotveiastomdpintamaceied Wetord Theepasssel is outfitted with

GPS, rad%ﬁg%/i\f?a{géi %ﬁd (gn%\éch\slvt%r e {%Qf%%%o%%%ﬂﬁ%loll}?ﬁu QP% or using bolts
chart plotting. External antennae are pressure-compensated. he
enticervessel is plesdi Baifeeuirtilengtieanid abdifp28 feenidngl at hthdraft in saltwater

waterline. The total beam with side tanks installed is about, 13.5,feet, and
e BATERE a5 B AL PP RS Do Pt o R oA et 40000

keepsarthe dop-attheipassalh Ger tontpadthrenty fhdosdssel weighs about

30,000 poynds when dry, 90 CLAIM 1. urpose-configurable .
submarine%ﬂfgﬁgﬁ{g(?g@ﬁ%& aec%ll&'ﬁ;ﬁé} Oslht?fléléé 1egnngllﬁlé ]c%%lbaaﬁhrjnﬁg%t compartments

housiig RitiepstONRiengielyim b @tasii systamcomiatisingratieastiontel cells and air
ballast compartment; and . _ .
tanks. The surface hull also contains the surface engine compartment and a free-flood
section surrounding the surface engine compartment aft. The exterior of the surface hull
shell mates at the top to the upper body works: via glue of a gasket seal. Part of the surface
hull is constructed of acrylic to provide a viewing window through the bottom of the
passenger compartment.
The surface engine compartment is a box constructed of corrosion-resistant metal
or composite material, and a hydraulically-actuated vent door at the top provides air
_intake. A larger gasket, hinged 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 60 cubic feet.

Two 5,000 psi SCBA air compressors are used to charge the air system and are
Jocated 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 ps1, with one
in reserve connected to the emergency air grid. The primary air system operates at 240 pst
via down-regulators. The ambient core reader comprises a standard pipe and a three-
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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a passenger compartment; wherein the passenger compartment is

mounted such that when the submarine navigates on the surface of a

body of water, at least the majority of the volume of the passenger

compartment is above the waterline. 288 he submarine according to

claim 1, wherein said passenger compartment comprises a pressure hull.
3. THRPStbIn AMRS EeeBtdiT§ b HIY B TRImE e da dhertdags iskigearbon dioxide
centAlRMEWRIk NG /IR DaSHIRFe Ml DR SUNARSERANG: stores for 48-hour
compartment, and the passenger compartment are each attached to the

cerftiPal Fmework. 4. The submarine according to any of claims 1-3,
wherein thg, baliast SySieL &9689155%%?&18'%%?&%’%%5 iyseenralable baliast.o main
compartment, and wherein the combined volume of the at least one
fullyxéomabiisbls tatipsttoomisanhent fsrvor appbeXistatetypk@B8erto Each side tank
approxi 315% of the, total volume of said passenger compartment, . .
b R S ey euvie e
ballast coffipanppearidsremlappraxitmaiehe ¢addofappraxiratalyd RS9 ot-drilled

the total volume of surface displacement of the submarine. Th )
B R T RS o e T AoWRar e P B B LR into two

plakingituditnally-rnnthe sstbaeatin € accosdirg iesaineof alaimsnded, cach about 3 feet

wherejn said surface engine compartment is ambient-pressure

Cor LT A AT G oL LB e TR HERE Al Atdecatesent on
amipienpseredepderksOliounting e swbmanne lacsreiRgdaianyeiglaims

1-6, further comprising at least one variable displacement fuel cell

disposed WIthiR'e 985 ePBaTiBef ¥ Srkaherew andharesting iay fattery banks

acciding teanydf Aabnsrhe RN RASING St JeARIRNE iRtEIRBLPBI@Pvorks have a
compartment contained within said surface hull and at least one external

balf§EE P BEa bR itAvER eyt e Qe taficxit the agygably during
submatipgisseardingda a8 1 \he sl RRId § @R&SNBLLRIRH g semi-

compartment is connected to an external ballast compartment via a pea
tras UBFREseHR s inaram ey Be Bstus e srana doamatment.

compartmept i3 i %EQMH&%Q fi‘ﬂ@éh'('}aﬁ rar@&qu\fﬂ@[%??ﬁgf%él%ﬁﬁttg 8 or purge the

internal ballast compartment is open to the environment on the bottom, '
andalleetarsiemid unpsaEsectirtespisl Batalist sohnpmeraeheigulsion. The four main

ampient-RIESSINe SARRERSAE D og%béta%%m%&%gmwg 1Red with ballast

planing hull; means for propulsion;
liners and combine to give about 170 cubic feet in volume. Pea traps conneet each main

internal ballasi 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 (rim tanks located in the side tanks. The trim ballast compartments are
air-compensated and combine to give about 19 cubic feet of volume.

Surface power 1s 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 theé main ifitérnal ballast comipartmernits.

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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a pressure hull passenger compartment; wherein when the submarine

is navigating on the surface of a body of water, at least the majority of the
pressure hull passenger compartment is apgpve the waterline. 11. The
submarine according to claim 10, wherein the planing hull has a bow end

fo rwgﬂgaanrdes% ?nfj SRR gd %nﬁjs%’\&ef §1f\ rzgéﬁ gy]ﬁ%qﬁer 1 TRJF:I%%p%l’IO\/QIth safety
causes the su marlne to move In a bow-end forward manner w

natagatindg athitbdighe staspeled Bothtolaahesdrfbte of théMatgrecaddy whidrbatteries
submeré%?% i 12 The submarine according to any of claims 10-11,

furtRer comprlsmg % central framework, wherein the planing hull, means

for propulsianscanddargsduceibailkpassengentesmpEl thieot and egabvided electrical
attach.edi1 o the c ntral fr ?ﬁrk 9§ ng The submarine. accordlr;[lg

to SRYAEF QRIS 16‘3‘5?2a R ESRBASING L BAHSSESERIRiR Apjeytace engme
onediubyreastioliabiebatiasicenpaiiernt vibareinthe comyngdvumielectrical

of the at least one fully-controllable ballast com%?rtment is from

apPYIRimataFA SBSRE A drdkixitey BSOS b fotay FLTlme Gt higy the surface
PagsenARLAPRRAIINIGNY ansdrdacreinthe aomBines ¥RMBaehihe at least

one fully-controllable ballast compartment is from approximately 75% to

approxim &R §2858 BIBIdoGEsAVB A RIGR S FREBSRSPIBRRRRN 8B ELes hydraulic

submatingnich iddistiigusuPmanneresRiding 40 Ry halRIME HOvlded by electric
wherein the means for propulsion comprises a surface engine

corpHRMTERPAIGiteg it PERRITS S SHEIh &Y BT Stk PRiTshYE auhfabensters mounted
en%%&m%m%&%@mm&eaﬁl&%p@@@Bﬁaxe%mwhﬁ{m.%@tﬁm face
surface engine compartment contains an ambient core reader.
Thergnbmaﬁn@aweyﬂcﬁﬁ@ a8 b}ﬂf%ﬂ@émﬁéti’()tllllﬁsfmﬂYé‘ﬁ%W@HQla

ballast SYHGM GPIRRUS QBWQ%WL%t&%m@@W%VMM ?inh@lty hydraulic
least one variable disp acement fuel cell Is disposed within at least one
balfsisicopnvpatirnegitides tring amthdesuibemiarihe aidcbiding theaeptofidizgmglic system
10, a]cﬁxa‘fé’mrlk?é@ga‘%}%a;ﬂ%%ssy%?%n‘("ﬂﬁ&e D SAAPRIASLEYRISMhched to an electric

comprises at least one internal ballast compartment contained within said

* plamivigthpfhaerddtbzatteonecexdemall brtiast compartarshvatnteémesd stored in an

W|th|n ai;m?a%gg one side tank. 17. The submarine according to claim
6, W erein said at least one internal ballast compartment is connected to
an externdhbaltast comptrtieent i &8 eadtragecsrné ctiohdawowah@seising sonar,

said giaast.ane ntemal ballast,compartment is ined.yin 2 pallast iner.
ere sal as 0 'the

{ Ofie interharl ba partmen pen
environméieentine vesitdm abogt dhierein ngt}aaiﬁiaﬂmmné%et&ﬂnag bailtastaterline.

co art tis ambi ent ressure conpens b
acc@?dlnrgﬁ) ¢ é?mwétn]yscl)fcl%lpr%s llét#QW &rs 16? c? |’n‘r‘z‘;lnrﬁin%éuefsrgﬂ‘a}:t 15" about 40
purpokesCOhéigeiahias Adut 6 k6, A()Smbm:arﬂ’tﬁqc@mmd:ﬁlrtg.the top of the passenger

compartment. The vessel weighs about 30,000 pounds when dry.



a passenger compartment; and a ballast system comprising at least one
semi-controllable ballast zone; wherein said at least one
semi-controllable ballast zone is open to the environment and is
substantially free of water when the submarine navigates on the surface
of a body of water; and wherein said %t least one semi-controllable ballast
zone is filled with water when the submarine is submerged; and wherein
when the submarine, while surfa% to a point such that the at least
one semi-controllable ballast zon es the surface, then by action of
gravity water drains from at least the majority of the semi-controllable
DRIRSAFR0E Erable BmINA ARG ACCOrding to claim 19,
wherein Said passénger compartment comprises a pressure hull and said
salwitasadwbmprises a surface hull. 21. The submarine according to
DY RERRS A BT FOMAIIGACERLEh famenork, whereln the

passenger compartment is attached to the central framework. 22. The

sabalRshy HeBbrampr g} brelanadates LofRarEsthMhllast system
cgmg@?%dm{yIIy-controIIabIe ballast compartment, wherein the
e

combined volume of the at least one fully-contro Iaﬁle ballast compartment .

iSPYRSFRIA s SRATRANER) GOBBA B S gRaRpHA R4S Sl phe SRR pevigetes
on th&aitkPRSSENAEHEHMPArMRAL, AN eieimtjertpralfitiad volume off the akssenger

least one fully-controllable ballast compartment is from approximately
comparigenls ) (ﬁg’% ea‘f‘éﬂﬁ??l'fg% of the total volume of surface displacement of

the submarine. 23. The submarine according to any of claims 19-22,

in the submarine,. while surfacing, rises to ' .
4 &’8&’%%%98&% %Rﬁ%%taé
Ye\gajis %nsél%rg%fpgo&ﬁﬁ%ﬂggge %gfgl&ag’ovﬁ%e ?glasc%ez’ the < rface,B then by omprises @
pressuactiol. of gravity water drains from at least 65% of the semi-controllable
ballast zone volume. 94 25. The submarine according to any of

claims 19-24, further comprising a surface engine compartment housing

aBleadbeneubrgrine \wpeasingaiel sufaek elaiie bompuibserfogprising a central

frameRTIRICRHFEASHE GAMRENRAIE dnandWher aingtmid &Isae@RAYINAd the passenger
compartment contains an ambient core reader. 26. The submarine

compaHBERHME te-RRIBhehimbia sepBal fHEPENOPSIt of said at least one

semi-controllable ballast zone surrounds said surface engine

compartment. . 27. The submarine according to any of claims 19-26, .
whorih ST Sy EM LA ol SHEBHIARS RRRARAER comprises
at leasinalaMbéEseiomt diiabicomne variabledisplsicambnthireinctt isodibpasedovitidrpt the at
at least one ballast co rtment 28..The submatri i -
east G R, R s TR LT By
315% cdnbainsal withima curat edssthaerccarpasnonie @xderhatdbalaseombined volume of
the ag olb%g?rmg n‘"u%ﬂ%%%'nﬂ?(ﬂl%@'rbﬁtlé@@séo _ ﬁkq@n&a%- frongpgljaﬁimately 75% to

ubmarine according to claim 28, wherein said at least one internal ballast
approxioraishrthaétt of theintdreelumanisudraishireemainphrmadg pea
trap connection, wherein said at least one internal ballast compartment is
lined with a ballast liner, and wherein said at least one internal ballast .
cOmprivaReie gerrrdintete At sHrmind A the Vistimsaih duhiesdifib i@ planing
hull. atleast one external ballast compartment is ambient-pressure
compensated. 30. A submarine comprising:

6. The submarine according to any of claims 1-5, wherein said surface engine
compartment is ambient-pressure compensated, and wherein said surface engine compartment

contains an ambient core reader.



a passenger compartment; a ballast system comprising at least one

ballast compartment; an ambient core manifold; and an ambient core

reader. 31. The submarine according to claim 30, wherein said

ambient core manifold is a surface engine compartment housing at least

one engine. 95 32. The submariiie according to any of claims 30-31,

wherein said passenger compartment comprises a pressure hull and said

submarine comprises a surface hull. 33. The submarine according to

any of claims 30-32, further comprising a central framework, wherein the

pasdtkgeboamnpeatouedinis tattaghed irtke egtnahdramepdisg at ledd.ohB&ariable

. _._submarine accarding o any of claims 30-33, wherein the ballast system

dlSpla%eénrﬁBﬁéuéas%et é{séjtoggn% l%%% acI)rfl: ?gﬁé%?e%@ és?toéndjr%%%]ﬁ%'ent, wherein the

combined volume of the at least one fully-controllable ballast compartment

is, fr ' I 9 rQximate 5%. of the total volume of

S S G A R R, SRR S SREAG R batas
compajgmstbaenfained ovitioliabid satfase bothpadmelsais unesiopraximides\compartment

contaide iR ARRIRxIMAely£23% of the total volume of surface displacement of
the submarine. 35. The submarine according to any of claims 30-34,

further comprising a planing hull. 36. The submarine according to any

of CleRs#dndrnwhRRiRIRgIdP RS SYSIERCHNRIIgeR AR ternal ballast
ballast compartment, and wherein at least one variable displacement fuel

CompagFeRt disHINMT i FHEP AN At SomBRASaFAn I 2 PeadraprpRnnection, and

whereigUhdadineaacensdingrial aay ok laips BRe30isCMBPNGIALBIRAIIORE and wherein
ternal ballast %Pg]#?artment contained within a surface hull and at least
a

Ly

said aly ASh AT At Bt S i PUPRAB CEbRa0REY Withh SHEARPERE Wbk, and

whereid8ailhe kukinacinet@aebbdihgt tepelaimndeht idheneiesgittauleashyifsated.
internal ballast compartment is connected to an external ballast
compartment via a pea trap connection, and wherein said at least one
interiaubaliastecomparingent is lined with a ballast liner, and wherein said
a}éqﬁﬁkgﬂﬁlipternal ballast compartment is open to the environment on
the bottom, and wherein said at least one external ballast compartment is
dnsBisreppeesiriosoaigensated. 96

a pressure hull passenger compartment;
wherein when the submarine is navigating on the surface of a body of water, at least the

majority of the pressure hull passenger compartment is above the waterline.

11. The submarine according to claim 10, wherein the planing hull has a bow end
forward and a stern end rearward, and wherein the means for propulsion causes the submarine to
move in a bow-end forward manner when navigating at its highest speed both on the surface of

the water and when submerged.

12. The submarine according to any of claims 10-11, further comprising a central
framework, wherein the planing hull, means for propulsion, and pressure hull passenger

compartment are each attached to the central framework.



39. The submarine according to any of claims 1-38, further comprising an
upper body works, wherein said upper body works comprises at least one
semi-controllable ballast zone and at least one stability tank. 40. The
submarine according to any of claims,]-39, further comprising at least one
submersion pod. 41. The submarine according to any of claims 1-40,
further comprising a high-pressure air storage grid, an emergency air grid,
amZanibienitpiesas e airdiogpensadiosiaird, | and afuobatgemgriding a b4Rast system
with aI?e%s%uo?l@ Lﬂpe-c%%?r%lﬁjalgl% EF%I zliz:%{ngoffnl W&elﬁ%l%%%lrgi%rﬂblgn% ISeib Votufle of the at
compensa ion grid connects to an arﬁglen core manifold that Serves as a
least ®urfiutly-enginglddmpalttsientnpartrddit Tihdrgubaparindnzcelordid iy tdaagpodximately
o, Claims 1-42 wherej | [ al dey weight
31 S DS o L AN AL R volume of
the amclcestlirgao Atly-opelaitablz, ballast apeiB6tmeherdin fivncapiindtately 75% to
approXUiDG %%‘3%l?%%&l%?uﬁ?é'@ﬁéﬁrﬁﬁ@lﬁ%ﬂ%%%@fﬁﬁﬂ ishieast 50
gallons. 45. The submarine according to any of claims 1-44, wherein
said submarine has a powerto-weight ratio during surface operation of at

least TROSERMIRT RRORIFRAYNGS nrdlishanable, ofisEiacORREAYABrFropulsion
a speed of at least 10 miles per hour, 46. The submarine according t

comprifes BIURARTCTAE GHBPAIERUISHE &S I BIE Bh A 1Y bRl surface
engin®@NtimpMimaith RUmak RAgsenaess domptitastdhaonseerdive odirsurface engine
47. A methad for anﬁient—gressu e compensating components of a

compatRERA HU LS AH ARG hF8UidfRGAn ambient core manifold: 97 providing

an ambient core reader; providing a high-pressure air source

C ising air stored at ressure higher t bient pressure: sai
I3, - ; |
o e B R T ) B st sy
comprikaigthtl tighepedsdlase @impetroenprovicem air kmthenambriehlcotise lasamisolduel cell

is dispOsLASPRRRGIRAGUALBBY e AMPiRNE core reader; and  providing a

means to distribute air from the ambient core manifold to at least one
other component of the submarine.

16. The submarine according to any of claims 10-15, comprising a ballast system,
wherein said ballast system comprises at least one internal ballast compartment contained within
said planing hull and at least one external ballast compartment contained within at least one side

tank.

17. The submarine according to claim 16, wherein said at least one internal ballast
compartment is connected to an external ballast compartment via a pea trap connection, and
wherein said at least one internal ballast compartment is lined with a ballast liner, and wherein
said at least one internal ballast compartment is open to the environment on the bottom, and

wherein said at least one external ballast compartment is ambient-pressure compensated.

18. The submarine according to claim any of claims 10-17, wherein said submarine is

purpose-configurable.



48. The method according to claim 47, wherein air is 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. 49. The method
according to any of claims 47-48, furtiser comprising providing a down
regulator which lowers the pressure of the air provided to the ambient
core manifold from the high-pressure air source. 50. The method
abbPdiga i FBFRIERRE 47-49, wherein the ambient core manifold is a
supagengag it paipataaat. 51. The method according to any of
agnf a47-50, wherein the means to distribute eﬁi%g!%w e ambient core
g an

cl
Raniord 15 SRR a8 AL R Ao RN G i 78 least one
awhgritin thedadt rick cammisifugratdialsiednd dowmedgolgiotdalowelit@nent and is

ressure of the air distriuted to at least one component located abhov )
st S R e N By oy and
whereia sudmelesstl @ueovemiinentoliaplisha aprovidingfaiedntoth feger when the submarine
is subrdfil¥eG0RKPIARIR Rallask FBIL %‘i‘fé@&rﬁ%%m,aﬁ'sf‘e% {6S§§pc‘§%{t%”&%’9¥‘at the at
such that a semi-controllable ballast Zone breac esthe surface; an
least oggowiRGcRiiellebgrhilaco rotve bserniesoHteotiaiech Allersbzorsiby aftiwavey water

drains @EHIRY 1AL HherseRtsiRllable ballash 2P e ARRIGINS Walghin less than

half of its volume.” 98 53. The method according to claim 52, further
comprising opening at least one valve of a pea trap connection connecting

the firgidublbenirellalieREaSICURRANTENRAFESANH passenger compartment
fully-controllable ballast compartment. 54. The methodpaccordlng to

comprisesi eSSl as saidhurA R S WETSEE Sty -2dihtrollable ballast

compartment such that water in the second fully-controllable ballast
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The method according to any of claims 53-54, wherein the first

fully-controllable ballast compartment is contained within a surface hull,
aidd Wherewbniveise cond:flitlg-controllablec battasi Bthparereint ithe ballast system
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the at least one fully-controllable ballast compartment is from approximately 125% to
approximately 315% of the total volume of said passenger compartment, and wherein the
combined volume of the at least one fully-controllable ballast compaﬁment is from
approximately 75% to approximately 125% of the total volume of surface displacement of the

submarine.

23. The submarine according to any of claims 19-22, 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.

24. The submarine according to any of claims 19-23, further comprising a planing hull.
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25. The submarine according to any of claims 19-24, further comprising a surface engine
compartment housing at least one engine, wherein said surface engine compartment is ambient-
pressure compensated, and wherein said surface engine compartment contains an ambient core

reader.

26. The submarine according to any of claims 19-25, wherein part of said at least one

semi-controllable ballast zone surrounds said surface engine compartment.

27. The submarine according to any of claims 19-26, wherein said ballast system
comprises at least one ballast compartment, and wherein at least one variable displacement fuel

cell is disposed within at least one ballast compartment.

28. The submarine according to any of claims 19-27, 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.

29. The submarine according to claim 28, wherein said at least one internal ballast
compartment is connected to an external ballast compartment via a pea trap connection, wherein
said at least one internal ballast compartment is lined with a ballast liner, and wherein said at
least one internal ballast compartment is open to the environment on the bottom, and wherein

said at least one external ballast compartment is ambient-pressure compensated.

30. A submarine comprising:

a passenger compartment;

a ballast system comprising at least one ballast compartment;
an ambient core manifold; and

an ambient core reader.

31. The submarine according to claim 30, wherein said ambient core manifold is a

surface engine compartment housing at least one engine.
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32. The submarine according to any of claims 30-31, wherein said passenger

compartment comprises a pressure hull and said submarine comprises a surface hull.

33. The submarine according to any of claims 30-32, further comprising a central

framework, wherein the passenger compartment is attached to the central framework.

34. The submarine according to any of claims 30-33, wherein the ballast system
comprises at least one fully-controllable ballast compartment, 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, and 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.

35. The submarine according to any of claims 30-34, further comprising a planing hull.

36. The submarine according to any of claims 30-35, wherein said ballast system
comprises at least one ballast compartment, and wherein at least one variable displacement fuel

cell is disposed within at least one ballast compartment.

37. The submarine according to any of claims 30-38, 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.

38. The submarine according to claim 37, wherein said at Jeast one internal ballast
compartment is connected to an external ballast compartment via a pea trap connection, and
wherein said at least one internal ballast compartment is lined with a ballast liner, and wherein
said at least one internal ballast compartment is open to the environment on the bottom, and

wherein said at least one external ballast compartment is ambient-pressure compensated.
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39. The submarine according to any of claims 1-38, further comprising an upper body
works, wherein said upper body works comprises at least one semi-controllable ballast zone and

at least one stability tank.

40. The submarine according to any of claims 1-39, further comprising at least one

submersion pod.

41. The submarine according to any of claims 1-40, further comprising a high-pressure
air storage grid, an emergency air grid, an ambient-pressure air compensation grid, and an

oxygen grid.

42. The submarine according to claim 41, wherein said ambient-pressure air
compensation grid connects to an ambient core manifold that serves as a surface engine

compartment.

43, The submarine according to any of claims 1-42, wherein said submarine has a total

dry weight of between about 2,500 pounds and about 60,000 pounds.

44. The submarine according to any of claims 7, 15, 27, and 36, wherein the combined

volume of said at least one variable displacement fuel cell is at least 50 gallons.

45. The submarine according to any of claims 1-44, wherein said submarine has a power-
to-weight ratio during surface operation of at least 1 horsepower per 50 pounds and is capable of

surface operation at a speed of at least 10 miles per hour.

46. The submarine according to any of claims 1-45, wherein said submarine is capable of

safely operating on its own with human passengers for at least 40 consecutive hours.

47. A method for ambient-pressure compensating components of a submarine,
comprising:

providing an ambient core manifold;
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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 to
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.

48. The method according to claim 47, wherein air is 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.

49. The method according to any of claims 47-48, 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.

50. The method according to any of claims 47-49, wherein the ambient core manifold is

a surface engine compartment.

51. The method according to any of claims 47-50, 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, the air grid comprising at least one down regulator to lower the pressure of the air

distributed to at least one component located above the ambient core manifold.

52. 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.
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53. The method according to claim 52, further comprising opening at least one valve of a
pea trap connection connecting the first fully-controllable ballast compartment to a second fully-

controllable baliast compartment.

54. The method according to claim 53, 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.

55. The method according to any of claims 53-54, wherein the first fully-controllable
ballast compartment is contained within a surface hull, and wherein the second fully-controllable

ballast compartment is contained within a side tank.



