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DESCRIPTION

GENERAL PURPOSE SUBMARINE HAVING HIGH SPEED SURFACE

CAPABILITY

FIELD OF THE INVENTION

The present invention relates to a snbmal'ine capable ofhigh-speed, long-range

surface navigation.

BACKGROLTND OF THE INVENTION

There are many diffelent tpes of vessels that can be classified as snbmarines or

submersibles. A submarine is typically conside¡ed an autonomoLrs rressel, capable of

rloving forward and changirg directions under water, capable ofnavigation on the high

seas, with seakeeping capabìlities, and capable of safely operating under water. A

submersible is generally considered any vessel that can submerge and operate unclerwater,

but may have limited or no capacity to navigate the seas on its owr.r. Submalines and

submersibles both carry human passengers under the surface ofthe water. Therefore, ary

submarine or submersible must at least be able to attain negative or neutral buoyancy, and

provide propulsion for the passengers. Most submarines and submersibles also provide

some sort of life supporl for the passengers, though sorne submersibles ma¡r lequire the

passengers to wear Self-Contained Ur.rderwater Breathing Apparatus (SCIIBA) gea¡. All

submarines, and many submersibles, keep the passengers safe from the pressure of the

water at depth.

Buoyancy is the upward force exerted by',¡/atel on a submerged or partially

submerged object. A vessel will float in water when the buoyant force pushing up is equal

to the gravitational force pulling the vessel down. The buoyant force pushing up on an

object in water is called hydrostatic 1ift. The n.ragnitude of the buoyant force, or

hyclrostatic lift, is dependent of the amount of water displaced by a particular object.

When an object is on the surface of water, gravity pulls it down, and if the bottom is

sealed, as in a vessel, it will push water aside. The volume of water displaced will be

equal to the volume of the obj ect that is below the waterfine, which is known as the

si-rface dìsplacement. The buoyant force acting on ar.r obj ect is eqnal to the weight ofthe

volume of wate¡ displaced.
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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 vessels that can be classified as
submarines or submersibles. A submarine is typically considered an
autonomous vessel, capable of moving forward and changing directions
under water, capable of navigation on the high seas, with seakeeping
capabilities, and capable of safely operating under water. A 15
submersible is generally considered any vessel that can submerge and
operate underwater, but may have limited or no capacity to navigate the
seas on its own. Submarines and submersibles both carry human
passengers under the surface of the water. Therefore, any submarine or
submersible must at least be able to attain negative or neutral buoyancy,
and provide propulsion for the passengers. Most subniarines and
submersibles also provide 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 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 25 submerged object. A vessel will float
in water when the buoyant force pushing up is equal to the gravitational
force pulling the vessel down. The buoyant force pushing up on an object
in water is called hydrostatic lift. The magnitude of the buoyant force, or
hydrostatic lift, is dependent of the amount of water displaced by a
particular object. When an object is on the surface of water, gravity pulls it
down, and if the bottom is 30 sealed, as in a vessel, it will push water
aside. The volume of water displaced will be equal to the volume of the
object that is below the waterline, which is known as the surface
displacement. The buoyant force acting on an object is equal to the weight
of the volume of water displaced.  
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Since the displacement ola vessel on the surface ofthe water is dependent on its

weight, it can be controlled by using ballast. Ballast is usually v/ater that is allowed to

enter a vessel into sealed hull coupartments.
' ln sulface ships, water is tlpically added to ballast compafilnents to âdd additional

mass to tlìe Iower podions of the ship. This lolvers the ship's center of gravity and

therelore increases its stability on the surface. Subnarines arrd snbmersibles have

historically not needed ballast rvater for stability on the surface since they will usually

already have a low center of gravity and little cargo valrability. They also tlpically sit

very low in the water while surfaced, with only a vety small volume of the ovelall vessel

above the waLerline.

ln stLbmarines and submersibles, water is added to ballast compartments to lielp

them sink below the surface. This can be looked at as eìtl.rer reducing the displacement of

a vessel or increasing its weight; both have the same mathematical effect. In submariue

terminology, adding ballast water is typically viewed as redtrcing the vessel's buoyancy.

When ballast colnpartments are full, they are lookecl at as being essentially neutrally

buoyant, ancl thus accounting for no buoyant force on the vessel. The mass of these

ballast compartments must still be considered in the energy required to propel the vessel

underwater. These ballast compartments are often called variable displacernent, since

they allow water to enter and reduce the buoyancy of a vessel by reducing its

displacement.

For vessels capable of underwater operation, such as subnarines and

subrnersibles, they must attain neutral buoyancyby adjustìng the arnount ofballast water.

Neutral buoyancy refels to the condition where the upward force ofbuoyar.rcy equals the

downward pull of gravity. In this condrtion, a vessel can use its propulsion systems to

rise, sink, or move about in the water.

In typical submarìnes, the v/oight ofthe vessel is set sucli that it isjust enough to

overcome the buoyant force due to the vessel's fixed clisplacement. The fixed

displacement is the volutne ofthe porlions ofthe sub that are watertiglrt and cannot be

flooded, whicli determines the minimum buoyancy. This setting of the weight is

necessary to allow the vessel to submerge and attain neutral btroyancy even when it has

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

displacement is detemrinant of its payloacl capacity. The fixed displacement in most
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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 vessel into sealed hull
compartments. In surface ships, water is typically added to ballast
compartments to add additional 5 mass to the lower portions of the ship.
This lowers the ship's center of gravity and therefore increases its stability
on the surface. Submarines and submersibles have historically not
needed ballast water for stability on the surface since they will usually
already have a low center of gravity and little cargo variability. They also
typically sit very low in the water while surfaced, with only a very small
volume of the overall vessel 10above the waterline.       In submarines and
submersibles, water is added to ballast compartments to help them sink
below the surface. This can be looked at as either reducing the
displacement of a vessel or increasing its weight; both have the same
mathematical effect. In submarine terminology, adding ballast water is
typically viewed as reducing the vessel's buoyancy. 15 When ballast
compartments are full, they are looked at as being essentially neutrally
buoyant, and thus accounting for no buoyant force on the vessel. The
mass of these ballast compartments must still be considered in the energy
required to propel the vessel underwater. These ballast compartments are
often called variable displacement, since they allow water to enter and
reduce the buoyancy of a vessel by reducing its 20displacement.       For
vessels capable of underwater operation, such as submarines and
submersibles, they must attain neutral buoyancy by adjusting the amount
of ballast water. Neutral buoyancy refers to the condition where the
upward force of buoyancy equals the downward pull of gravity. In this
condition, a vessel can use its propulsion systems to 25rise, 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 30
necessary to allow the vessel to submerge and attain neutral buoyancy
even when it has no extra weight by completely flooding the controllable
ballast. Thus, the variable displacement is determinant of its payload
capacity. The fixed displacement in most  3 submarines is contained
mostly within the pressure hull, the strengthened passenger compartment
that resists the extreme pressure of the water at depth       Typical small
submersibles are used for either deep-diving science or industry missions
or for shallow-diving recreational trips. Both types have the minimal 
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submarines is contajned u.rostly lvithin the pressure hulÌ, the strengthenecl passengeì-

compartment that resists the extreme plessure olthe water at depth.

Tlpical small subt.uersìbles are used lor either deep-diving science or industry

nrìssions or lor shallow-diving recreational tnps. Both types have the minimal

controllable ballast necessary to reach the bnoyancy ueeded to barely nse above the

surface just enough to allow passengers to el.ìter and exit the vessel. The variable

displacement is extremely small cotnpared to the an'ìoltnt of {ixeci clisplacement in these

vessels. Due to this fact, these small subrrersibles are not able to rise high enough above

the surface to allow a majority oftheir volurne to reside above the waterline, They are not

able to achieve the amounl ofpositive buoyancy uecessary to do so. l(eeping the majority

ofthe volume ofthe vessel underwater when surfaced simplifies the design ofthe vessel

and keeps it stable both underwater and while surfaced. However, this design approach

gives very linited ability to t¡avel on the surface and allows a very low degree of

variabìlity in payloacl.

Whìle originally developed for military use, vessels capable of underwater

operation are used today f'or a wide variety of purposes. Modern submarines ancl

submersibles are ver) specialized, though, varying from vessels that serve as rnilitary

weapons platforms to those that are used for deep-sea scientifio research to those that are

used for recreational shaliow dives. Despite a large quantity of submarines and

submersibles fol many specialized tasks, no ttue genera.l-putpose vesseì capable of

under-water operation exists that can be used for multiple applications. There is also

currently no underwatçr vessel that is small, cost-efficient, and possesses sigurficat.rt

autonomy, navigation capacity, and range. The only submarines in use today that can

navigate on the high seas are huge, ship-sized military subn'Iarine,s. A small vessel

capable ofunderwater operation with true navigation capacity and sea-keeping abilities

would be extremely useful in both private industry and to the military.

The designs and capabilities ofexisting submarines and subnelsibles are varied,

from simple underwater scooters for divers to the huge nuclear tnissile-al'med boomers of

the United States Navy. Nevertheless, all existing submarines and submersibles share the

common trait that they are each designed for a very specifìc purpose and have limited

utility in applications outside of their intended use.

Nearly all of the world's t¡ue submarines today are lalge, ship-sized mìlitary

vessels. In fact, the only true submarines currerrtly ìn use at'e the transoceânic military
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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
small submersibles are not able to rise high enough above the surface to
allow a majority of their volume to reside above the waterline. They are
not  10 able to achieve the amount of positive buoyancy necessary to do
so. Keeping the majority of the volume of the vessel underwater when
surfaced simplifies the design of the vessel and keeps it stable both
underwater and while surfaced. However, this design approach gives very
limited ability to travel on the surface and allows a very low degree of
variability in payload. 15While originally developed for military use,
vessels capable of underwater operation are used today for a wide variety
of purposes. Modern submarines and submersibles are very specialized,
though, varying from vessels that serve as military weapons platforms to
those that are used for deep-sea scientific research to those that are used
for recreational shallow dives. Despite a large quantity of submarines and
20 submersibles for many specialized tasks, no true general-purpose
vessel capable of underwater operation exists that can be used for
multiple applications. There is also currently no underwater vessel that is
small, cost-efficient, and possesses significant autonomy, navigation
capacity, and range. The only submarines in use today that can navigate
on the high seas are huge, ship-sized military submarines. A small vessel
25 capable of underwater operation with true navigation capacity and
sea-keeping abilities would be extremely useful in both private industry
and to the military.       The designs and capabilities of existing
submarines and submersibles are varied, from simple underwater
scooters for divers to the huge nuclear missile-armed boomers of the
United States Navy. Nevertheless, all existing submarines and
submersibles share the  30 common trait that they are each designed for
a very specific purpose and have limited utility in applications outside of
their intended use.       Nearly all of the world's true submarines today are
large, ship-sized military vessels. In fact, the only true submarines
currently in use are the transoceanic military  4 vessels used by the U.S.
Navy and other industrialized nations. These are among the most
sophisticated vessels capable of underwater operation ever built.
Some nations still use diesel-electric military submarines, which were in
wide use during World War II. The modern versions display better
submerged time, speed, stealth, 5 and armament, but are similar in basic
function. They use surface engines to charge electric batteries for a dive.
Nuclear-powered designs that can spend months underwater have
replaced many diesel-electric submarines in the U.S. Navy and in some
foreign navies. The atomic reactors used to power these vessels can
operate for years without needing to add fuel, and they typically only need
to surface every few months to add 10supplies and exchange crews. 
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vessels used bythe U.S. Navy and other industrialized nations. These are among the most

sopl.risticated vessels capable of underwater operation ever built.

Some natrons still use cliesel-electric rni Iitary submadnes, lvhich were rn wide use

during World War II. The modem versions display better submerged time, speed, stealth,

and armament, but are snnilar in basic function. They use surface eugines to clrarge

electdc battedes for a dive. Nuclear-powered designs that can spend nonths undelwater

have replaced many diesel-electric submarines in tlie U.S. Navy and in sorne foreign

navies. The atomic reactors rLsed to power these vessels can operate for yeas without

needing to add fuel, and they typically only need to surlace every few months to add

srrpplies ar:d exclrange crews.

Transoceanic military subn-rarines are used for many different missions, and each

mission type is usually accornplished by a parlicular class of submarine. The U.S. Navy

cunently has the Ohio-Class Submersible Shìp Ballistic rnissile Nuclear (SSBN), the

Submersible Ship Guided mìssile Nuclear (SSGN)-Class, the Los Angeles and Seawolf

Submêrsible Ship Nuclear (SSN) classes, and the Virginia SSN class. The Ohio-Class

SSBN, also known as boomers, serve as a stealthy mobile launch platfotm for ballistic

missiles. The SSGN-Class ale boomers tliat are converted to carry cruise missiles and to

serve as platforms for Special Forces operations. The L.A. and Seawolf SSN classes are

fast attack submarines, and the Virgiriia SSN class is a fast attack sub, cruise missile

launch platfonn, ancl Special Forces,platform. All U.S. Navy submarines are atomic-

powered and capable ofdiving to at least 800 feet below the surface of the water.

Transoceanìc military submarilres are designed for long-range cntìsing at

relatively high speeds compared to surface vessels and for stealth. These vessels ae

typically as big as large surface ships. None ofthese military submarines have any non-

n.rilitary use. They are far too expensive and implactical to trallspoÍ cargo. Passenger

travel is cheaper, faster, more plactical, and more comfortable by other means. Industrial

use is not practical for these submarines silce their size prevents operation around or

under other vessels or offsl-rore platfonns. The lack of windows, large crew size needed

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

these huge military submarines have no other use besides their current warfare platfonn.

There are many existing submersibles collectively capable ofa varìety ofdiflerent

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

by both the military and private sector and are generâlly characterized by the fact tliat they
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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 the Ohio-Class Submersible Ship
Ballistic missile Nuclear (SSBN), the Submersible Ship Guided missile
Nuclear (SSGN)-Class, the Los Angeles and Seawolf  15. Submersible
Ship Nuclear (SSN) classes, and the Virginia SSN class. The Ohio-Class
SSBN, also known as boomers, serve as a stealthy mobile launch
platform for ballistic missiles. The SSGN-Class are boomers that are
converted to carry cruise missiles and to serve as platforms for Special
Forces operations. The L.A. and Seawolf SSN classes are fast attack
submarines, and the Virginia SSN class is a fast attack sub, cruise missile
20 launch platform, and Special Forces. platform. All U.S. Navy
submarines are atomic-powered and capable of diving to at least 800 feet
below the surface of the water.       Transoceanic military submarines are
designed for long-range cruising at relatively high speeds compared to
surface vessels and for stealth. These vessels are typically as big as large
surface ships. None of these military submarines have any non-  25
military use. They are far too expensive and impractical to transport cargo.
Passenger travel is cheaper, faster, more practical, and more comfortable
by other means. Industrial use is not practical for these submarines since
their size prevents operation around or under other vessels or offshore
platforms. The lack of windows, large crew size needed for operation, and
huge cost to produce precludes any tourism or recreational use. Thus,
30these huge military submarines have no other use besides their current
warfare platform.        There are many existing submersibles collectively
capable of a variety of different uses, but each individually only useful for
a specific task. Smaller submersibles are used by both the military and
private sector and are generally characterized by the fact that they  5 are
not used for navigation on the high seas but rather are vehicles used to
access the depths of the ocean in a largely vertical range.          The most
basic submersibles are pods that are lowered and raised in the water by a
surface vessel using a support cable. Diving bells and bathyspheres are
examples of 5 these simple pods.       A diving bell is basically a
submerged pocket of air in an air-tight compartment that is partially open
at the bottom. The bottom may either have a hole in the center or a hatch
that is opened when the diving bell is submerged at depth. A diving bell
acts as an elevator taking divers deep under the surface of the water and
as a decompression  10 chamber slowly bringing divers back to the
surface. A diving bell resists the extreme pressures at depth through the
use of ambient pressure compensation. As the diving bell descends under
water, the water pressure outside the diving bell increases. If no air is
added to the diving bell, the water ingresses through the opening and
begins filling the bell. The air trapped in the diving bell compresses at the
top until it reaches the ambient  15 pressure of the water outside. When
the pressure on the inside and outside of the diving bell is equal, water
stops intruding into the diving bell. As the diving bell continues to
descend, the pressure becomes greater, the air compresses more, and
the air pocket becomes smaller. Since the pressure is equal on the interior
and exterior of the diving bell, the water does not cause any stress on the
wall as long as the diving bell remains  20 open. This means that common
materials of low strength may be used to construct a diving bell, as long
as they are reasonably airtight. 
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are not used for navigation on the high seas but rather are vehicles used to access the

depths of the ocean in a largely vertical ratrge.

The most basic submersibles are pods that are lowered and raised ìn the water by

a sulface vessel lrsing a suppofi cable. Diving bells altd bathyspheres are examples of

these simple pods.

A dìving bell is basically a submerged pocket of ait in an airlight compaÍment

that is partially open at tlÌe bottom. The bottom nlay either have a hole in the center or a

hatch that is opened when the diving bell is submerged at depth. A diving bell acts as an

elevator taking divers deep under tlie surface of the water and as a decompressìou

chamber slowly bringing divers back to the surface. A diving bell resists the extreme

pressures at depth through the use ofambient plessure compensation. As the diving bell

descends under water, the water pressure outside the diving l¡ell iucreases lf no air is

adcled to the diving bell, the water ingresses through the opening and begins filling the

bell. The ail lrapped in the dìving bell compresses at the top until it reaches tìre ambient

pressure ofthe water outside. When the pressLtre on the insrde and outside olthe diving

bell is equal, water stops intmding into the diving bell. As the diving bell continues to

descend, the pressure becomes greàter, the air compresses more, and the air pocket

becornes smaller. Since the pressure is equal on the inlerior a¡d exterior ofthe diviig

bell, tlie water does not cause any stress on the wall as lolg as the diving bell remains

open. This means that common nratetials of low strength may be used to construct a

diving bell, as long as they are leasonably airlight.

Tlpical modern diving bells are designed to remain dry on the inside. Cornpressed

air is released into the diving bell at depth to prevent water iugress at depth. The air is

usually provided by a surface support vessel via an umbilical connectìon. Air is provided

at a pressurejust higher than that of the water outside the divlng bell. This causes air to

slowly bubble out through the diving bell opening artd keeps the air supply flesh for the

passengers. When the dìving bell ascends to the surface, the pressure of the water

decreases and the air inside expands and bubbles out.

The main limìtation of any ambient ptessttre submersibie, including adiving bell,

is a resuh of the limitations ofthe human passettgers. The body is stressed by increases in

ambient pressure but compensates by pulling more air iffo the lungs, increasing the

arnount ofgases in the blood. Iftoo much nitrogen enters the blood, narcosis mayresult.

This threat can be somewhat eased by mixing other inert gases in tl.re breathilig mix, such
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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 provided by a surface support vessel
via an umbilical connection. Air is provided  25 at a pressure just higher
than that of the water outside the diving bell. This causes air to slowly
bubble out through the diving bell opening and keeps the air supply fresh
for the passengers. When the diving bell ascends to the surface, the
pressure of the water decreases and the air inside expands and bubbles
out. The main limitation of any ambient pressure submersible, including a
diving bell,  30 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  as helium. Breathing mixes usually also have a lower
percentage of oxygen than normal surface air since the compression
causes additional oxygen to enter the blood. As the pressure drops when
the ambient pressure submersible rises, the body must expel the excess
gases accumulated during the compression dive though exhalation. This
is a slow 5  process; the longer time spent at depth, and the deeper the
depth, the longer the expulsion of excess gases takes. If the ambient
pressure submersible rises too quickly, the gases in the blood can bubble
and cause "the bends," which is very painful and can result in a fatal
embolism. Therefore, passengers of an ambient pressure submersible
must decompress as 10  they surface, just as a SCUBA diver must. This
limits the usefulness of ambient pressure submersibles to the same
depths that SCUBA divers can reach. This a maximum of about 200 feet,
with about 33 feet being a more practical for passengers that are not
expert divers. To allow for long duration dives and rapid ascent, and to
protect passengers from 15dangerous high pressure conditions common
to ambient pressure submersibles, the passenger compartment must be
kept at the normal air pressure, one atmosphere. The pressure from the
water tends to crush the passenger compartment more and more as the
depth increases, though. The passenger compartment Must be
constructed in a strong, pressure-resistant manner. 20A pressure hull is a
manned pod constructed of extremely strong and durable materials
capable of resisting the crushing force of water at depth and protecting
passengers without ambient pressure compensation. Pressure hulls are
usually spherical or cylindrical in shape since these shapes tend to be
inherently resistant to compressive force. Any deviation from these
shapes greatly reduces the pressure tolerance and thus the 25  maximum
depth reachable by the hull. Pressure hulls are therefore constructed with
a high degree of precision in shape. These precise tolerances increase
the time and expense of constructing the hull. 
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âs helium. Breathing mixes usually also have a lower percentage ofoxygen than nonnal

surface ai¡ since the compressior.r causes additional oxygen to enter the blood. As the
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process: tlie longer time spent at depth, and the deeper the depth, the longer the expulsion
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the blood can bubble ald cause "the bends," which is very painful and can result in a fatal
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Therefore, passer'ìgers of an ambient pressure submersible must decompress as

they surface, just as a SCUBA diver must. This limits the usefulness of ambient pressure

subr¡ersibles to the same depths that SCTIBA divers can reach. This a maximum of about

200 feet, with about 33 feet being a mole practical for passengers tl'rat are not expefi

divels.

' To allow for long duration clives and rapid ascent, and to pr:otect passengers from

.dangelous high pressure cc'ndj.tions common to ambient pressure submersibles, the

passenger compartment must be kept at the notmal air pressule, one atmosphere. The

pressure from the watel tends to crush the passenger compartment more and more as the
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A pressure hull is a manned pod constructed of extremely strong ancl dnrable

materials capable of resisting the crushing force of water at depth and protecting

passengers without ambient pressure compensation. Pressure hulls are usually spherical

or cylindrical in shape since these shapes tend to be inherently resistant to compressive

force. Any deviatìon from these shapes greatlyreduces the pressure toleral.rce alrd thus the

maximum depth reachable by the hull. Pressure hulls are thetefore constructed with a

high degree ofprecision in shape. These precise tolerances increase the time and expense

o I constructing the hLr ll.

A bathysphere is a simple pressure hull suspended from a cable. It usr"rally has a

viewing window and accommodations for a c¡ew inside. Stored oxygen and a carbon

dioxide scrubber are commonly used for life support. Bathyspheres were the ftrst

submersibles to ca¡ry 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 rtuch any more.
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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 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.  7
Diving bells and bathyspheres are both limited by the heavy steel cable
connecting them to the surface or a surface vessel and by their complete
lack of autonomy, both on and below the surface. A large surface vessel,
with its own crew and cost is needed to provide the support cable or
umbilical. The lack of self-propulsion, power storage, and  5. buoyancy
control, along with the hindrance of the large cable, prevent either of these
from being submersible vehicles. Instead, they are useful for operations or
observation only. The bathysphere is limited to a depth of about 3,500 feet
while diving bells become dangerous deeper than around 300 feet. Deep
Submergence Vehicles (DSVs) are designed to reach the deepest
portions of  10 the ocean. A relatively small number ate in existence and
have been used for scientific and military research purposes. DSVs
usually require a support vessel and cannot navigate. DSVs have two
categories: bathyscaphes and deep-dive submersibles.       The
bathyscaphe is an old vessel no longer in production, and very few have
ever been built, likely less than 10. A bathyscaphe was the vessel used to
reach the deepest  15 point on Earth, the Challenger Deep portion of the
Marianas Trench in the South Pacific Ocean. A bathyscaphe is a spherical
pressure hull suspended from a buoyant superstructure filled with
petroleum fuel. The fuel is not used for power, but rather to provide
resistance to compression at depth. The fuel also provides buoyancy
control. To descend, fuel is released to reduce buoyancy. To ascend,
metal pellets are released from  20 the vessel to reduce weight. The
pellets are held in place in hoppers via electromagnets, meaning that
electrical failure would result in the vessel immediately rising towards the
surface. Battery-powered electric thrusters provide propulsion and
steering under water, but this capability is extremely limited due to the
large superstructure.           While being able to dive to great depths, the
bathyscaphe is very limited by its  25 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,  30 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.  



.t0

1

Diving bells ar.rd bathyspheles are both limited by the heavy sLeel cabìe counecting

them to the surlace or a surface vessel and by their cornplete lack of autonotn.v, both on

and below the sulface. A lalge surface vessel, with its own crew and cost is needed to

plovide the suppott cable or un.rbilical. The lacl< of self-propulsion, powel'storage, and

buoyancy control, along with the hindrauce of the )alge cable, prevent either of these

from being subrlersible vehicles. hrstead, they are useful for operations ot obsewation

only. The bathysphere is limited to a depth of abor.rt 3,500 feet while diving bells become

dangerous deeper than around 300 ieet.

Deep Submergence Vehicles (DSVs) are designed to reach the deepest portions of

the ocean. A relatively small number aie ín existence and have been used for scientific

and military research purposes. DSVs usually require a suppoft vessel and cannot

navigate. DSVs have two categot-ies: bathyscaphes and deep-dive subnrersibles.

The bathyscaphe is an old vessel no longer in production, atrd very few have ever

beer.r built, likely less tl.rar-r 10. A bathyscaphe was the vessel used to reach tlte deepest

point on Earth, the Challenger Deep porlion of the Mananas 'Irench in the South PaciI'ic

Ocean. A bathyscaphe is a spherical pressure hull suspended from a buoyant

sìrperstructure filled with petrolenm fuel. The fuel is not used f'crr power, but rather to

provide resistance io compression at depth. The fuel also provides buoyancy control. To

descend, fuel is released to reduce buoyancy. To ascend, metal pellets are released from

the vessel to reduce weight. The pellets are beld in place in hoppers via electromagnets,

meaning that electrical failure would result in the vessel immediately rising towards the

surface. Battery-powered electric thrusters provide propulsion and steering under water,

but this capability is extremely linjted due to the large superstructtlre.

While being able to dive to great depths, the bathyscaphe is very limited by its

size and low maneuverability under water. lt is also difficult to launch a¡d recover' No

bathyscaphes are curreutly known to be in operation.

Deep-dive submersibles are small battery-powered submersibles with a sphedcal

steel pressure hull. They ale similarto bathyscapl.res, but ale smaller and without the fuel-

filled superstmcture. The pressure hull is typically thinner than that of a bathyscaphe,

resulting in a lower rnaximum deptl.r. The lower weight allows ascensiotl to the surface to

be achieved without the fuel superstructure oflhe bathyscaphe. Deep-dive submersibles

rise using the buoyaucy of tl.re pr:essure hull along with high-pressure aìr-blowu bnoyancy

tanks and oil-fìlled equipment chambers ol high-strength glass-bead foarr blocks.
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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 vessels are typically negatively buoyant 5 when diving, using the
force of gravity to sink until the desired depth is reached. Then, the vessel
can drop weight and add high-pressure air to the ballast tanks to achieve
neutral buoyancy. To rise back to the surface, deep-dive submersibles
drop disposable metal ballast and do not typically need electric
propulsion. Battery-powered electric motors are used for limited
underwater propulsion and steering. Deep-dive submersibles 10are more
maneuverable than bathyscaphes due to their smaller size.       The
reliance on drop weight to return to the surface can be a problem for
deep-dive submersibles. If reconfiguration is desired or if a weight needs
to be lifted during a dive, this can be difficult to achieve. Deep-dive
submersibles have a low weight budget for ascending, since there is little
variability in their buoyancy and minimal drop weight. 15  The air-blown
ballast tanks contain only a small fraction of the displacement of the
passenger compartment and provide very minimal adjustable buoyancy.
Extreme safety precautions and precise engineering are necessary with a
deep-dive submersible. Since the pressure hull's displacement is needed
to rise to the surface, any flooding of the pressure hull will cause.the
vessel to sink to the bottom. The precise 20engineering 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 is needed to deliver them to and retrieve them from a dive site.
Huge cranes are often needed to lower DSVs into the water.
25Additionally, 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,
30seakeeping 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 I -  9 300 feet of water. The pressure hull is usually
large, elongated, and made of steel with 
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Deep-dive subrnersibles lrave small ballast tanks that fill r,vith air at the surface to

allow the vessel to have a small porlion of its volume above the waterline. The ballast

tanks t-lood to cause the vessel to clive, and the tanlts remain open at the bottom,

r.naintaining ambient pressure at depth. These vessels are typìcally negatively buoyant

when diving, using the force of gravity to sink until the desiled depth is reached. Ther.r,

the vessel can drop weight and add high-pressure air to the ballast tanks to achieve

neutlal buoyancy. To rise back to the surface, deep-dive submersibles drop disposable

metal ballast and do not typically need electrjc propulsion. Battery-powered electnc

motors are used for limìted underwater propulsion and steering. Deep-dive submersibles

are more maneuverable than bathyscaphes due to their smallel size.

The reliance or.r drop weight to retum to the surface can be a problem for deep-

clive submersrbles. Ifreconfiguration is desired or ifa weiglrt needs to be lifted cluring a

dìve, this cari be clifficult to achieve. Deep-dive submersibles have a low weight budget

for ascending, since there is little variability in their buoyancy and rninimal ilrop weight.

The air-blown ballast tanks côntain oniy a srnall fraction of the displacernent of the

passenger compartrnent and provide very minirnal adjustable buoyancy.

Extreme safety precautions and precise engineering are necessary with a deep-

dive submersible. Since the pressure hull's displacement is needed to rise to the surface,

any flooding of the pressure hull will cause.thb vessel to sink to the bottom. The precise

er.rgineering necessary to help avoid this risk iircreases the cost ofploduction.

DSVs have little or no navigating ability or range, since they use battery-poweled

thrusters and have the majority of their volume under water when surfaced. A snrface

vessel is r.reeded to deliver them to and retrieve them fi'on a dive site. Huge cranes are

often needed to lower DSVs into the water.

Additionally, DSVs have very smal1 passenger compartments. The spherical

pressure hu1ls are usually designed with the minimum radius necessary to âccolnmodate 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-rnilitary purposes. Overall, DSVs are

useful fol a very small range of tasks but are severely limited by their lack of range,

seakeeping ability, ar"rtonomy, and speed.

Another existing common type of submersible is the tourist submersible. Tourist

submersibles are some of the largest private submersibles, often accommodating l6 or

nrore passengers. They usually have a pressure hull and operate at a depth ofbetween 1-
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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 submersibles are not useful for
purposes other than sightseeing. They lack 5  speed, autonomy, and
navigation capability. They only have a small portion of their volume
above the waterline when surfaced. They are dependent on battery power
and air stores, which require a support vessel or dock to recharge. Tourist
submersibles must be large in size to be cost effective, but their size
causes them to be depth-limited due to the large force exerted on the
pressure hull. 10Tourist submersibles use the buoyancy of the passenger
compartment to rise to the surface, similar to DSVs. Thus, any failure of a
pressure hull penetration could cause the submersible to sink to the
bottom. This leads to increased engineering costs.       Some tourist
submersibles have been manufactured with small diesel engines giving
them the autonomy to go to a dive site and back without a support vessel.
15 However, these vessels still lack open-ocean navigation ability and are
very limited in their range. They are also unsafe to operate in even
moderately rough seas and still suffer from the problems of other tourist
submersibles with respect to depth, speed, size, and cost. Ambient
pressure personal submersibles resist pressure at depth using ambient
20 pressure compensation as a diving bell does. This limits their use to
depths that a SCUBA diver can reach. The simplest ambient pressure
personal submersible is a wet hull submersible.        A wet hull
submersible is an underwater vessel where the passengers are exposed
to the water while the vessel propels them through the water. They
typically have small  25 ballast tanks to help attain neutral 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  30 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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300 feet of water. The pressute hull is usually large, elongated, aud nrade ofsteel \ùith

some oversizcd hemispl.rerical acrylíc viewing windows. Tottrist sr¡brnersibles are

powered by large battety arrays located in the keeÌ anci are propelled by electrtc tluusters.

Tourist submersibles are not usefirl for purposes othet than sightseeing. They lack

speed, autonony. and navigation capability. They onÌy have a small pofiion of their

volume above the waterline when surfacecl. They are dependent on battery power and air

stores, which require a support vessel or dock to lecharge. Toulist subt¡ersibles nrust be

large in size to be cost effective, but their size causes them to be depth-limited due to the

large folce exerted on the pressure hull.

Tourist submelsibles use the buolTaucy of the passenger compartn'ìent to nse to tl'ìe

surface, similal to DSVs. Thus, any failure ofa pressure hull penetration could canse the

subrnersible to sink to the bottom. This leads to increased engineering costs.

Some tourist sul¡mersibles have beeu tnanufactured with small diesel engines

givin-e ther.n the aufoÌrgml/ to go to a dive site and back without a suppofi vessel

However, these vessels still lack open-oceaìl navigation ability and are very limited in

tl, eir range. They are also uusafe 1o opei'ate in even moderately rough seas and still suffer

from the problenls ¡¡f other tourist subrtersibles rvith l'espect to depth. speed, size, and

cost.

Amtrient pressure personal submersibles resist pressure at depth trsing ambient

plessure compensatìon as a diving bell does. This limits theil use to deptl-rs that a SCUBA

diver can reach. The simplest ambient pressure personal submersible is a wet hull

subnrelsible.

A wet hull sLrbmersible is an tlnderwater vessel where the passengers are exposed

to the water rvhile the vessel [,ropels tl]em through the water. They typically have small

ballast tanks to help attain neutral buoyancy and electric motors for propulsion. The

passengels are supplied air via an air-filleci helmet or a breathing apparatus snch as

SCUBA geat.

Wet hull submersibles are obviously very limited in their use. The passengers are

exposed to the water temperature, which can be problematic ili cold climates. The

passengers are also exposed to pressure at depth, which means wet hull subl¡ersibles are

lirnited to depths ofaround 200 feet even when manned by expert divers using mixed gas

fol breatl.ring. A depth limit of 33 feet ìs more practical for sport divers.
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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 hull sealed so that the 5  interior is dry. A gauge is used to determine
the ambient pressure of the water outside. Air is added to the passenger
compartment through valves until the interior pressure equals the exterior
pressure of the water. A check valve is used to release the air as the
submersible rises to the surface and the water pressure decreases. The
hull can be constructed in any reasonable shape and any material that is
reasonably airtight. 10  Ambient pressure dry hulls are depth limited by
many factors. First of all, the amount of air and battery power reserves
they carry prevents them from going too deep. More importantly, though,
they are limited by the human body. A depth of about 200 feet can be
achieved with highly trained divers, but a more practical depth limit is 33
feet below the surface of the water.  15Ambient pressure personal
submersibles are generally battery-powered. They have little surface
range, seafaring capability, or autonomy. They rely on surface vessels to
reach a dive site and to recharge their batteries and air supply. A few
ambient pressure personal submersibles have been built with diesel
surface engines, but they still face the same depth limitations as all other
ambient pressure designs. 20The Advanced Seal Delivery System
(ASDS) is a submersible that uses a pressure hull for Navy Seal
operations. It is relatively large for a submersible, at 62 feet long. The
ASDS is a highly special-purpose vessel, designed for stealth utility. It
uses only battery power for propulsion, which severely limits its range and
seafaring abilities. The ASDS has low amounts of buoyancy for rising to
the surface, and instead commonly docks 25  underwater with a host
submarine. The cost of these submersibles is extremely high, meaning
they have no non-military use.       Every existing submarine and
submersible is designed, built, and used for a specific role. Thus, there
exists a need for general purpose submarine. Such a submarine would be
capable of performing many roles under water and able to navigate on the
30  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.  11       A general purpose submarine
will need to be relatively small in size but should still be able to
accommodate passengers. Submarines have historically been impractical
for long-range cargo or passenger transport. Sightseeing, industrial, and
security uses are all good uses for a submarine, but all require small
submarines relative to the atomic- 
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The military uses a wet hull submersible called a Seal Delìvery Vehicle (SDV).

The passenger compafiment is completely enclosed, but still flooded. ThLts. the SDV

sulfers fi'om the same shortcomings as otl.rer wet hull submersibles.

An ambient pressure dry hull is a submersible with the hull sealed so that the

interjor is dry. A gauge is used to detennine the ambient pressure of the water outsicle.

Air is added to the passenger compafiment through valves uff1l the interior pressure

eqnals the exterior pressure of the water. A check valve is used to release the air as the

submersible rises to the surface and the water pressure decreases. The hull can be

constructed in any reasonable shape and any material that is reasonably airtight.

Ambient pressure dry hulls are depth lirnìted by many factors. First of all, the

amount of air ancl battery power reserves they carry prevents them from going too deep.

More importantly, though, they are limited by the lrun.ran body. A depth of about 200 feet

can be achieved with highly trained divers, but a mole practical clepth limit is 33 feet

below the surface ofthe water..

Arnbient pressure personal submersibles a e generally battery-powered. Tl-rey have

little surface range, seafaring capability, or aùtonorry. They rely on surface vessels to

reach a dive site a:rd to rechargè their batteries and air supply. A few ambient pressure

personal submersibles have been built with diesel surface engines, but they still face the

same depth limitations as all other ambient pressule designs.

Tlie Advanced Seal Delivery System (ASDS) is a submersible that uses a pressure

hulì for Navy Seal operations, It is relatively large for a submerslble, al62 feet long. The

ASDS is a highly special-purpose vessel, designed fol stealth utility. It uses only battery

power for propulsion, which severely lrtnits its range and seafaring abilities. The ASDS

has low amounts of buoyancy for rising to the surface. ancl ìnstead commonly docks

underwater with a host submarine. The cost of these srtbmersibles is extremely high,

meaning they have no non-military use.

Every existing submadne and submersible is designed, built, and used for a

specific role. Thus, there exists a need for general pnrpose submarine. Such a submarine

woLrld be capable of performing many roles utrder water and able to navigate on the

sur-face, wìth strong seakeeping ability, long range, high speed, and autonomy. Such a

vessel would be useful for both the private sector and the milìtary. There at'e many

characteristics and capabilities a general pnrpose submarine should possess.
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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 greater depths than their larger
counterparts since the water pressure is spread over a smaller surface
area on the hull. Good general purpose submarines should be able to
accommodate a crew or passenger contingent of from as few as one to as
many as 12 10 people during a dive. In most cases, this should be
accomplished by use of various sizes of a one-atmosphere pressure hull
providing safety and rapid ascension. This capacity is useful for scientific,
military, recreational, industrial, and other uses.       A general purpose
submarine should be a capable navigator with a long operating range and
strong seakeeping abilities. It should also be autonomous, capable of 15
generating its own power and air supply and storing them for a dive. Such
a vessel would be more efficient and less expensive than a vessel that
requires a surface support vessel. The safety factor in rough seas Would
also be higher since it could ride out the storm without the assistance of a
surface support vessel. The ability to navigate over a long range would
allow private industry to be able dispense with the cost of a surface
support 20  vessel for the first time. The submarine could deploy from a
regular dock and travel to its destination on its own       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 25  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
30 compartment comfort when used in a recreational or tourist role; have
weaponry and armor added to it in a military role; and be equipped with
cameras, manipulators, storage, and tools in a scientific or industrial role.
These reconfigurations should not require substantial redesigning of the
vessel; ideally these reconfigurations should not  12 significantly increase
the cost and time needed to deploy these variations of the general
purpose submarine.       A general purpose submarine should be capable
ofdivmg and keeping passengers safe at depths that encompass the
majority of water that is useful to industry and tourism. 5  While for some
purposes, such as tourism, depths of 33 feet may be sufficient, in many
embodiments, such a vessel should be able to dive to at least 500 feet,
covering about 90% of the useful water. These depths are sufficient to
offer stealth to the military as it exceeds the depth at which light
penetrates the water in most locations, and even long-range military
submarines rarely operate below depths of 1,000 feet. For industrial
10operations, the majority of oil pipelines and infrastructure lie in the first
300 feet of water. 
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A general putpose subnrarine rvill tieed to be relatively small lu size btlt should

still be able to accommodate passengers. Submarines have historically beeu impractical

for long-range ca.go or passenger transporl. Sightseeing. industrial, and security uses are

all good nses for a submarine, but all require slnall submarines relative to the atomic-

powered ;nilitary behemoths- Srnall size rs also key to reducing the cost of producing,

operating, and maintaining a submariue. Snraller pressure hulls allow sttbnarines [o

operate at greater depths than their larger countelparts since the water pressure is spread
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be more efficietrt and less expensiYe than a vessel that requires a surface support vessel.
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destinatiol.r on its own

A good general putpose subnarine should be able to attain decent speed, as

traveling at high speeds is useful in many circumstances. Speed allows a tourist snb to

carry more passengers vrithorf the need for a surface suppoÍ vessel. Speed is also useful

in military and security operations. Further, speed lowers missiotl duration, which

decreases costs. and allows a vessel to avoid approaching storms

A general putpose submarine should be configurable, possessing the ability to

take on equipment needed for several different types ofmissions. configurability is a key

feature of a general purpose sub. such a vessel should be able to increase passenger

conlpaflment comforl when used in a recreational or tourist role; have weaporuy and

arr¡or added to it in arnilitaryrole; and be equipped with cameras, rnanipulators, storage,

and tools in a scientific or industrial role. These reconfigutations should not tequire

substantial redesigning of the vessel; ideally these reconfiguratior.ts should nol
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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 scientific operations to accomplish
a sufficiently full day's work, and would  enable a-military user to remain
submerged during all daylight hours to remain hidden.  15Longer dive
time capability increases safety as well, as it allows for additional time to
rescue a stricken submarine.  Any general purpose submarine should
have a high degree of safety. Due to the .fact that it will be autonomous
and capable of navigating the high seas on its own, safety becomes
particularly important. Such a vessel should be capable of handling
severe 20  weather conditions and unforeseen circumstances on the
.surface, as well as multiple system failure during a dive. A general
purpose submarine should be able to be constructed at low cost. The
production and operating costs should not exceed the combination of
costs of a surface ship and a submersible, or of a surface ship with a
Remotely Operated Vehicle (ROV). 25  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 30  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.  1 3 However, the desire for
long-range navigating and seakeeping at high speed indicate that such a
general purpose vessel should be a true submarine, not a simple
submersible, thereby making it more difficult to design. The vessel must
either be capable of long-range navigation underwater or must be capable
of handling as a true surface craft in 5 addition to its ability to operate
under water. Long-range underwater navigation has only been
successfully accomplished through the use of nuclear power or enormous
battery banks charged on the surface by diesel power. These methods
are practical in large, transoceanic military submarines, but are not
possible in a smaller submarine. 
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signihcantly increase the cost and time needed to depìoy these variations of tìre general

purpose submarine.

A general purpose sulrmarine should be capable oldiving and keeping passerlgers

safe at depths that encornpass the majority of water that is useful to industry and tounsm.
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becomes parlicularly important. Such a vessel shouid be capable of handling severe

weather conditions ancl unforeseen circunstaìrces on the surface, as well as multiple

system failure during a dive.
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useful only for the rniìitary. Private indLrstry has solved the navigation issue by

transpoúing small submersibles using surface vessels, which is costly and wasteful.
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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 true surface craft, a vessel should
carry a large, heavy fuel load. Large, powerful engines should also be
present for the submarine to operate capably on the surface. The use of
large, powerful engines and large fuel reserves allow high speed, long
range, and large 15 payload capacity in surface boats. However, it is not a
simple task to add such engines to an existing submersible design.
Attempts that have been made to add diesel engines to tourist
submersibles or smaller industrial submersibles have been ineffective
since their functionality is limited by the design of the submersibles. The
first reason for the failure of the attempts to add large engines and fuel
stores 20 to existing designs is due to the increase in weight caused by
these additions. Small submersibles typically have small amounts of
buoyancy, and extensive modifications are necessary when adding
significant weight. Adding a large engine and fuel would lead to the vessel
not being able to surface. Such a vessel would obviously have no
practical utility. Thus, additional displacement must be added to the vessel
to provide additional 25buoyancy.       Small submersible designs have
increased the size of their pressure hulls to provide the added
displacement. This protects the engines from pressure and water at depth
as well as adding the necessary displacement to allow the vessel to
surface. To accommodate the large engine requires a significant increase
to the pressure hull, though. 30 Such an increase drastically increases the
vessel's weight and fixed displacement (which increases the submersion
weight). The net result of such an arrangement is either a decrease or
minimal gain in the power-to-weight ratio of the vessel. The massive
increases in weight necessary to add power to a small submersible using
this method sets  14 up the paradox that the power is self-defeating
because of the weight. Therefore, small submersible designers have only
been able to include small engines and fuel tanks. The small amounts of
power provided severely limit navigation, seakeeping, speed, and range.
The second reason for the failure of the attempts to add large engines and
fuel 5  stores to existing submersible designs is because of the hull shape
and draft. The typical hull shape of a submersible is cylindrical, optimized
for underwater operation and handling at fairly low speeds. When.
operating on the surface, with the majority of their volume below the
waterline, these vessels handle very poorly, incurring significant drag..
They also have poor seakeeping ability because of the lack of a sharp
bow necessary to 
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However, the <lesire fol long-range navigating and seakeeping at high speed indicate that

such a general purpose vessel should be a tltte subtnarine, not a sirnple submersible,

thereby rnaking it more difficult to design. The vessel nrust either be capable of long-

range navigation underwater or must be capable of handling as a true surface craft in

addition to its ability to opeïate under water . Long-range undenvater navigatìon has otlly

been successfully accomplished thÌough the use ofnuclear power or enon¡ous battery

banks cl.rarged on the surface by diesel power. These methods are practical in large,

transoceanic military submarines, but are not possible in a smaller submarine

Existing designs of small sttl¡mersibles are incapable of acling as a ûue surface

craft Small submersible designs Ìely on battetjes and electrical motors for propulsion

Batteries are very limited in the anount of energy they store, so to operate as a true

surface craft, a vessel should carry a large, heavy fuel load Large, powerful engirles

shouid also be pr.esent for the submarir-re to operate capably on the surface. The use of

la.r'ge, powerflrl engìnes ald large fuel reserves allow high speed, long range, and large

payloaLl capacity in surface boats. How.ever, it is not a simple ta.sk to add suclt engines to

an existitrg submel'sible design. Atlempts that have been ntade to add diesel engines to

torLrist submersibles or smaller industrial subr,ersil¡les have been tneffective since their

:lunctlonalìty is limited by the desigrr of the submersibles.

Tbe first reason forthe failure ofthe attempts to add large engines and fuel stores

to existing clesigns is due to the inctease in weight caused by these addifions. Srnall

submersibles typically have srnall amounts of buoyancy, ancl exteusive modifications are

necessary when adding significant weight. Adding a large engine and fuel would lead to

the vessel not being able to surface. snch a vessel would obvrously have o practical

utility. 'fhus, additional displacement must be aCded to the vessel to provicle additional

buoyancy.

SmaÌl submersible desigt.rs have increased the size of their pressure hulls to

provide tlie ¿rdded displacernent. This plotects the engines from pressure and water at

depth as well as adding the necessary displacement to allow tl.re vessel to surface. To

acconmodate the large engine requires a significant inclease to the pressure hull, though.

such an increase drastically increases the vessel's weighl and frxed displacement (which

increases rlre submersion weight). The net result of such a anangement is either a

decrease or minimal gain in the power-to-weight ratio of the vessel. The massive

increases in weight necessaty to acld power 1o a small submersible using this method sets
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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 extremely poor handling in rough
seas.       Another challenge that must be overcome to design and build a
general purpose submarine is reconciling small size with configurability.
Existing small submersibles 15  have proven to be very difficult to make
configurable. A main reason for this difficulty is the way submersible
designs approach buoyancy. Most submersibles are designed with
minimal buoyancy when surfaced, leading to very little ability to carry extra
weight and still maintain their capability to surface. The passenger
compartment must also be very carefully engineered and scrutinized since
almost all the submersible's buoyancy comes 20  from it. Any water
intrusion into the passenger compartment could cause the submersible to
sink and kill the passengers. Adding equipment to the hull typically
requires redesigning the entire vessel. Therefore, submersibles are
designed with a maximum load, and any reconfiguration requires an
extensive redesign_ It is too costly, time-consuming, and impractical to
reconfigure the vessel for alternative uses once it has been built. 25  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 hulls. However, ambient-pressure submersibles 30are
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
15 are subject to catastrophic threats if swamping and leakage occur, and
thus they require costly, complex safety engineering. Thus, using existing
designs, it is not possible to achieve deep and long duration dives while
also keeping the cost low and the design relatively simple. 5The next
challenge in designing and building a general purpose submarine is
reconciling design simplicity and low cost with safety. One of the key
problems in designing a simple, low cost submarine has historically been
the huge expense that goes into engineering safety into a typical
submersible. While ambient-pressure submersibles are relatively low cost
and of simple design, they are inherently dangerous and must be  10
operated by trained individuals who understand the process of
decompression. Pressure hull designs are inherently safer than
ambient-pressure designs since they do not expose the passengers to
increases in pressure at depth. Though safer, the pressure hull design
requires a lot of high cost engineering to remain safe because of the
pressure differential that exists at depth. Additionallyrdue to the small
amount of buoyancy typically present  15 aside from the pressure hull, a
failure in the pressure hull will result in the submersible sinking to the
bottom in a typical design. Thus, complex engineering and maintenance
precautions must be used to ensure safety. This increases the cost. Once
again, using current designs, it does not seem possible to design a
simple, low cost submarine with a high degree of safety. 
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up the paradox that the power is self-defeatìng because olthe weight. Therefore, small

submersible designers have only been able to include small engines and fuel tanks. Tlie

small amounts of power provided severely limìt navigation, seakeepir.rg, speed. and range.

The second reason fol the failure ofthe attempts to add large engines and fuel

stores to existing submersible designs is because ofthe hull shape and draft. The typical

hull shape of a submersible is cylìndrical, optimized for underwater opelation and

handling at fairly low speeds. When operating on the sulface, with the majority of their

volume below the waterline, these vessels handle very poorly, incurring significant drag.

They also have poor seakeepûrg ability because of the lack of a shalp bo\Ã/ necessary to

pierce waves and handle rough seas. Therefore, increasing the power only mininrally

increases the speed, since the deep draft and improperly shaped hull result in signihcant

drag and exttemely poor handling in rougÌr seas.

Another challenge that must be overcome to design and build a general purpose

submarine is reconcìling small size with conhgurability. Existing small sùbmersibles

have proven to be very difficult to make configurable. A main reason for this difficulty is

the way submersible designs approach buoyancy, Most submersibles ale designed wìtlr

mirrin-ral br.royancy when surfaced, leading to very little ability to carry extra weight and

still maintain their capability to surface. The passenger compartment must also be very

carefully engineered and scrutinized since almost all the.submersible's buoyancy comes

from it. Any water iutrusion into the passenger colnpartment co¡"rld cause the subnersible

to sink and kill the passengers. Adding equipment to the hnll typically requires

redesigning the entire vessel. Therefore, submersibles are designed with a maxirnum 1oad,

and any reconfiguration requires an extensive redesign- It is too costly, time-consruning,

and impractical to reconfigure the vessel for altemative uses once it has been built.

The next challenge to overcome in designing and building a general purpose

submanne is reconciling design simplicity and low cost with dive deptli and duration.

Submersibles that have typically been affordable for pnvate users are ambient-pressure

submersibles. These do not require heavy-duty pressure hulls and the engineering

challenges that come along with pressure hnlls. However, ambient-pressure submersibles

are only safe at depths of about 33 feet, and only up to about 200 feet lor experienced

divers using mixed breathirrg air.

Ou the other hand, a pressure hull is needed to allow a vessel to achíeve great

depth and long duration dives. Existing submersible designs incorporating pressure huìls
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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 submarine that is able to be configured
for multiple roles must be small in size. However, small size is
incompatible with traditional notions of what is necessary to achieve
long-range navigation and seakeeping abilities at high speed. Additionally,
a 25configurable submarine must be capable of carrying a variable
payload.       Speed, range, and navigation and seakeeping abilities
require large engines and large fuel stores. The submarine must be
capable of carrying this weight. Additionally, configurability increases the
payload requirements since the vessel must be able to carry a wide
variety of heavy items, such as manipulator arms, weaponry, aumor,
cabin  30 furnishings, deck space accompaniments, or added
instrumentation. The limited amount of displacement, and thus buoyancy,
in typical designs prevents this extra weight from being possible since the
submersible will not be able to surface if it were to be added.  16 BRIEF
SUMMARY OF THE INVENTION       The subject invention provides a
submarine capable of high-speed, long-range surface navigation and
seakeeping akin to a surface vessel, such as a speed boat. The present
invention takes a very unique approach to overcome the challenges of
providing a 5general purpose submarine. It is also the first submarine able
to be mass produced.       The submarine of the present invention
comprises primary assemblies including a surface hull, a passenger
compartment, a main ballast compartment, a surface engine
compartment, as well as many optional assemblies and components. The
use of interchangeable primary assemblies and component connection
grids that allow ease of 10 component swapping results in a
purpose-configurable vessel. Among the primary assemblies that may be
included on the vessel are a passenger compartment, a surface hull, an
upper body works, a surface engine compartment, a central framework,
side tanks, and main internal ballast. The submarine typically includes a
very large amount of variable displacement via 15 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 actual fully- 20controllable
ballast volume may be more or less than these estimates. 



10

l5

are subject to catasbophic threats if swatrping and leakage occur, and thus tliey require

costly, cornplex safety engineering. Thus, usrng existìng designs. it is not possible to

a.chieve deep and long duration dives whiìe also keeping the cost low and the desigtr

lelatively simple.

The next challenge in desigrring and building a general pupose submarine is

reconcihng design simplicity and low cost wìth safety. One of the key problems in

desigring a simple, low cost submarine has historically been the lltlge expense that goes

into engineering safety into a typical submersible, While ambient-pressule submelsibles

are relatively low cost and of simple desigl, they are inhereritly dangerous and tnust be

operated by trained individuáls who ttnderstand the process of deconpression. Pressure

hull designs are inherently safer than ambient-pressure desigr.rs since they do no1 expose

the passengers 1o increases in pressure at depth. Thougl.r safer, the pressure hull desigtl

requires a lot of l-righ cost engineering to remain safe because ofthe pressure differential

that exists at deptli. Aclditionally,. due to tl.re small amount of buoyancy typically present

aside from the pressule hull, a faihue in the pressttte hLrll will result in the submersible

sinking to the bottom in a typical design, Thus, complex engineering and tnaintelrance

precarrtions must be used to ensure safety. This increases the cost. Once again, using

current ciesigns, it does not seem possible to design a simple, low cost submarine with a

high degree of safety.

Another challer.rge to overcoflre for a gener-al purpose submaline to be designed

and built is reconciling navigation, high speed, seakeeping, and long rauge with

configurability. A snbrnarine that is able lo be configured fol multiple roles must be small

in size. However, sl¡all size is incornpatible with traditional notiol.rs of what is necessaty

to achieve long-range navigatior and seal<eeping abilities at high speed. Additionally, a

confrgurable submarine rutst be capable of carrying a variable payload.

Speed, range, and uavigation and seakeeping abilities reqLrire large engiues and

large fuel stores. The submarine must be capable of carrying this weight. Additionally,

configurability increases the payload requirements siuce the vessel must be able to cany a

wide variety of heavy items, such as manipulator aÍns, weaponry, amot, cabin

fumishings, deck space accompanimelìts, or added instrumentation. The lirnited amount

of displacement, and thus buoyancy, in typical designs prevents this extra weight frorn

being possible since the submersible will not be able to surface ìf it were to be adcled.
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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.
The main external ballast compartments only fill to the 25 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 30connection.       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  17 tanks,
and the stability tanks serve as rear trim compartments. Other optional
trim compartments may be added as well where desired.       The
semi-controlled ballast zones are free-flooding zones that are purged by
gravity as the submarine surfaces and are substantially closed to the
water during surface 5  operation. During the surfacing process, the main
internal and external ballast compartments typically lift the vessel until the
free-flooding semi-controllable ballast zones are just above the waterline.
Then, these zones gravity drain through large one-way valves, hull gates,
or a combination, until purged. The net effect is that the semi-controlled
ballast is neutrally buoyant while the vessel is submerged but provides
additional displacement while the vessel is surfaced. Also, the
semi-contained ballast provides freeboard displacement in the portion that
resides just above the waterline while surfaced. This freeboard
displacement helps inhibit the vessel from rocking side to side while
surfaced. The submarine of the present invention typically includes a
passenger 15  compartment which will usually be a pressure hull. A
pressure hull passenger compartment is constructed of very strong
materials capable of resisting pressure 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 completely 20  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 25  displacement hull or a
planing hull, 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. 30The vessel
usually includes an upper body works, which surrounds portions of the 
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BRIEF SUMMARY OF THE INVENTION

The sr.rbject inventìon provicles a submarine capable of high-speed. long-r'ange

surface navigation and seakeeping akin to a surface vessel, such as a speed boat. The

present invention taÌ(es a very unique approach to overcome the challenges olproviding a

general purpose sub;¡arine. It is also the first submarine able to be mass produced.

The submarine of the present invention comprises primarl assemblies ìncluding a

surface hull, a passel'ìger compafiment, a main ballast compartment, a surface engine

compafiment, as well as many optional assemblies and components. The use of

interchangeable prirnary assenblies and component connectior.ì grids that allow ease of

component swapping results in a purpose-configurable vessel. Among the primary

assemblies that may be inchrded on the vessel are a passenger compaÍmenÎ, a surface

hu1l, an upper body works, a su¡face engine comparhnent, a centrai framework, side

tanks, and main inte¡nal ballast.

The submarine typically iucludes a very large amount of vari able displacement via

â sta,qed ballasting system. The unique ballast system comprises n.rain ìnternal ballast

conpartments, main exterlal ballast compaÍments, a trim ballast systern, ancl semi-

controllable ballast zones. The total volume of fully-controllable ballast is ttsually about

twice the volume of fixed displacement in the passenger compafiment and about equal to

the volume of surface displacement of the entire vessel, though the actual firlly-

controllable ballast volume may be more or less than these estimates.

In certain ernbodiments, the maln internal ballast compaftments remain

completely flooded and open to the enviromnent while the vessel is submerged under

water. No ambient-pr essure air compensation is necessary since they lemain open to the

water, lunctioning like awet hull. The main externalballast compartrnents only fill to the

extert necessary for the submarine to attain neutral buoyancy. They are sealed by valves

frour both tlre lnain internal ballast compartments and the extenor environment at the

beginning ofa dive. Ambient-pressure air compensatìon is provided at depth for the main

extemal ballast compartments. In certain embodin-rents, each nain ìnternal ballast

compartment is connected to a main extemal ballast compartment via a pea trap

connection.

In embodiments containing a trim ballast system, the tfim ballast system

comprises a series of smaller ballast compaftrnents and is used to adjust the trir¡ of the

vessel. The trim ballast col'npartments are often located at the front portion of tl.re side
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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 in the interior of the upper body works, and additional
components may also be housed there.       The vessel often comprises a
fuel and surface engine system. The fuel and surface engine system
preferably includes at least one variable displacement fuel cell, at least
one 5fuel grid, at least one surface engine, at least one gear system, at
least one out drive, and at least one surface engine compartment.       The
vessel vacuums fuel from the variable displacement fuel cells such that
they lose volume as fuel is used. The fuel grid supplies fuel throughout the
vessel, and the surface engines provide power to the vessel. The out
drives connect to the surface engines 10and provide propulsion.       The
surface engine compartment is either a pressure hull or is
ambient-pressure air compensated at depth. It houses many components,
including the surface engines. If it is ambient-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 15 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
embodiments, a low-pressure primary air grid. Each system serves
different purposes, but they share many common connections and
resources. 20The air system serves many purposes on the vessel. It is
used to purge the ballast 
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tanks, and the stabi lity tanks serue as rcar trim col.npaflnlenls. Other optional tr im

compafirnents may be added as well where desired.

The semi-controlled ballast zot.ìes are free-flooding zones that ale purged by

gravity as the submarine sur-faces and are sttbstantially closed to the watel'duting surface

operation. Dunng the surfaciug process, the main intemal al.rd extemal ballast

contpafinlents typically lift the vessel until the free-flooding semi-controllable ballast

zones arejust above the waterline. Then, these zones glavity drain tln'ough largeone-way

valves, l.rull gates, or a combination, until purged. The net effect is that the sen.ri-

controllecl ballast is neutrally buoyant while the vessel is subnterged but plovides

additional displacetnent while the vesseì ìs surfaced. Also, the semi-controlled ballast

provides fieeboard displacerrent in the portion that residesjust above tlie watellir.re while

surfaced. This freeboard displacement helps inhibit the vessel from rocking side to side

while surfaced.

The subrnarine of the present invenliolt t1pìcally inchrdes a passenger

comparhnent whìch will usually be a pressure hull. A pressure hull passenger

compartmeut is oonstructed of vely strong materials capable ofresisting pressure at depth

and will usually be cylindrically or spherically shaped. The passenger compùfiment

ideally sits ligh in the vessel, sepatated frorn the water during surface operation by a

surlàce hull. When the submarjne is surfaced, the passenger compallment is cotrrp ietely

lifted out of the I¡i ater or isolated fi'om the çvater by the surface hull, such that no piut of it

makes dilect coutact with the \¡i ater. The controis fol the pilot are located in the passenger

compafiment, and any tht ough-hull penetrations wili generally only be in the lower thircl

of the compartment.

The submarine comprises a sltrface hull, which can be any type ofhull, such as a

displacement hull or a planing huil, depending on the performance c[.raracteristics desjred

by tlre end user, Tlre surface hull contaitls the main intemal ballast compaltmellts aÌ'ìd

may contain several other components. The use ofa surface hull helps provide the vessel

with signifìcant amounts of displacement and 1ift on the surface. This lowersthe dt'ag and

allows the vessel to travel at high speeds on the surface ofthe water.

The vessel usually includes an upper body works, which sunourds porlions ofthe

passenger compartment. extending ìatelally from either side ofit and also often above it

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

mounts. Retractable dive planes, ilpresent. will typically be located in the Lrpper body
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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, if present. The air system can
also be used to provide umbilical support to divers and to convert a
pressure hull passenger compartment to an ambient pressure
compartment, if 25desired.       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 30 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.  19
The vessel usually comprises an electrical system which is used to
provide power to electrical components. This system comprises at least
one alternator, at least one battery, and at least one electrical grid. The
alternator draws power from the surface engine while the vessel is
surfaced 5 and charges the batteries, which store the power. The
electrical grid includes wiring, relays, and switches, and connects many
different components to the power stored in the batteries. The vessel has
three different electrical systems, including the primary electrical system,
the secondary electrical system, and the supplemental electrical system.
The primary system serves to charge the secondary system, and the
supplemental system 10draws power from the secondary system via an
inverter. The vessel of the present invention typically has a hydraulic
system as a means of transferring power throughout the vessel. This
system powers rams that operate dive planes, the entry to the passenger
compartment, the surface engine compartment lid, and the steering and
trim of the out drives. Hydraulics additionally actuates valves around the 



t0

18

works. A semi-contfollable bal]ast zone l'esides in the interiol ofthe upper body works,

and additional cornponents may also.be housed there.

The vessel often comprises a fuel ar.rd surlace engine system, The fuel and surface

engine system pr:eferably includes at least one variable displacernent ñlel cell, at least one

fuel grid, at least one sulface engine, at least one gear systen'ì, at least one out dnve, and

ât least one surface engine comparlment-

The vessel vacuums fuel from the vadable displacement fuel cells such that they

lose volur¡e as fuel is used. The fuel grid snpplies fuel throughout the vessel, and the

surface engines provide power to the vessel. The out drives comect to the surface engines

and provide propulsion.

The surface engine comparlment is either a pressure hulJ or is ambient-pressure

air compensated at deptl.r. It houses marìy components, including the surface engines, If it

is ambient-pressure air compensated, it can be built oflighter materials.

The vessel typícally has at least one air glid that provicles air to different paÍs and

systoms of the vessel. There are usuâlly four or fìve air grids ir the air system, including

the. high-pressure air storage grid, the emergency. air grid, the arrbient-pressure air

cornperrsation g id, the oxygen grid, and, in cerlain embodiments, a low-pressure prìmary

air grid. Each system serues different purposes, but they share many cornmolr connections

and resoirrces.

The air systern serves many purposes on the vessel. It is used to purge the ballast

compaÍments, provide ambient-pressure air compensation to components and

assemblies, provide life support to the passenger compaltment, and vent the battery tubes,

ifpresent. The air system can also be used to provide umbilical support to divers and fo

convert a pressr"u-e hull passenger comparlment to an ambient pressure compartment, if
desired.

The a:ir system also often comprises carbon dioxide scrubbers. Together with the

oxygen stores, they provide a robust life support system to help enable the snbmarine to

maintain long duration dives.

The air system is capable of recharging itself, contributing to the autonomous

nature ofthe 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 dlaw ai¡

florn this grid.
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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 primary electrical system. The
auxiliary system is powered by hydraulic pumps driven by the surface
engines. The control system uses a 20hydraulic power unit driven by the
secondary electrical system and makes use of a hydraulic accumulator.
The submarine also often comprises submersion pods, which are
pressure-hull based or ambient-pressure compensated compartments
outside of the passenger compartment. These submersion pods can be
used to house many different components, 25including 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 assemblies is
made with attachment points to mount to other assemblies or to a central
framework assembly, and with grid connections. Thus, these assemblies
can be easily swapped out or removed for quick repair. 30The present
invention will be described in more detail below with reference to the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS  20
Figure 1 is a front view of an embodiment of the subject invention. Figure
2 is a side exterior view of an embodiment of the subject invention. Figure
3 is a side view cut away view of an embodiment of the subject invention.
Figure 4 is a front cut away view of an embodiment of the subject
invention. 5Figure 5 is a top down view of an embodiment of the subject
invention. 
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Tìre vessel usually cotlpt ises atr electrìcal syster.n which is used to ptovide power

to electrical conlpor.ìents- This systern comprìses at leâst one altemator, at least one

battery, and at least one electlical grid.

The altematot draws power from the surface engine while the vessei is surfaced

ancl charges the batteries, which store the power. The electrical grid includes wiring,

relays, and switches, and connects tnany different col]lponel1ts to the power stored in the

batteries. The vessel has tlrree different electncal systems, including the primary electrical

system, the secondaty electrical system, and the supplemental electrical svstem. The

prirnary system selves to charge the secondaty systeln, and the supplementaì system

dlaws power fi orn tlte secottdary systetn via an itrvc'tlel'.

The vessel of the present inver.rtiorr typically has a hydraulic system as a means of

transfering power throughout the vessel. This system powers rams that operate dive

planes, the entry to the passeuger compartment, the surface engine compatlnent lid, and

the steerit.rg and triln ofthe oul dri ves. Hydl aulics additionally actuates valves arouud the

vessel and transfer powet' to thrusters.

The hydraulic systen.ì calì be divided into the propulsion hydraulic system, lJre

auxilrary hydraulic system, and the control hydraulìc sysiem. The propulsion systerr uses

two electlic motors powered by the primary clectrical sysferl. The auxiliary system ìs

por',,ered by h¡draulic pumps driven by the surface engines. The control systenr uses a

hydraulic power turit dr:iven by the secondary electncal systetn and urak.es use of a

hydraulic accumulator.

The submarine also often comprises submersion pods, which are pressute-hull

based or ambient-press ure compensated compa(1.ì'lents outslde of the passenger

comparhrent. These submersion pods can be used to l.touse many different cotnponents.

including batteries and a wide an ay of optional equipnrent.

The vessel as a whole is very easily configured for a parlicular purpose. Each of

the primary asselrblies is made with attachrnent points to mount to other assetnblies or to

a central framework assembly, and with grid co nections. Thtts, these assemblles can be

easily swapped out or removed for quick repair.

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

accornpanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

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 embodiment of the subject invention.
10DETAILED DESCRIPTION OF THE INVENTION       The vessel of the
present invention combines high surface speed and long-range navigation
and seakeeping abilities with the capability to protect passengers at
submerged depth. It also provides a high degree of variability in payload
and a purpose-configurable modtilar design, making it very adaptable for
uses in industry, tourism, government, 15 military, and recreation. The
Vessel has a relatively simple, yet extremely innovative design that is very
safe without requiring extensive costly engineering. The vessel of the
present invention is the first general purpose submarine.       In order to
overcome all of the challenges and provide a true general purpose
submarine, the present invention was designed by taking on a perspective
that is radically 20 different than typical submersible designs. Versatile
submerged capabilities were combined with robust surface handling
characteristics in most embodiments through the use of a true pressure
hull, large buoyancy envelope, high power-to-weight ratio, high fuel
reserves, and high volume above the waterline during surface cruising.
The size of the vessel of the present inventicth is relevant to its usefulness
across 25 industries. Although much smaller than the huge
atomic-powered military subs, the vessel of the present invention is of a
proven proportion to enable seakeeping and navigation on the surface. It
is also large enough to carry significant supplies to allow mission
durations of several days. The relatively small size allows easy transport,
with over-the-road transport, air transport, boat ramp launch, common
docking slip use, and 30 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.  21 Incorporating
the submarine's extensive functionality into its relatively small size was
one of the greatest challenges overcome by the present invention.
One of the key features of the vessel of the present invention is its unique
approach to ballasting. A much higher proportion of controllable variable
displacement is 5 present than in a typical submersible. In addition to the
quantity, another aspect of the ballast approach is the staging and
segregation of the vessel's forms of fully-controllable ballast and its
semi-controllable ballast. Thus, the vessel utilizes both a high proportion
of variable ballast as well as a staged ballast design that in many
embodiments is separated into main internal, main external, and
semi-controlled divisions. Each division of ballast 
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Figure 1 is a front vìew of an embodiment of the subject invention.

Figure 2 is a side exterior view of an ernbocliment of the subject ir.rvention.

Figure 3 is a side view cut away view ofan embodiment ofthe subject invention.

Figure 4 is a front cut away view of an embodiment of tl.re subject ìnvention.

Figure 5 is a top down view of an embodimeff of the subject invention.

Figule 6 is a bottom up view of an embodiment of the subject inventìon.

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

Figure 8 is the air and main water grid of an embodiment of the sub¡ect invention-

DETAILED DESCRIPTìON OF THE INVENTION

The vessel of the present invention cotrbines high surface speed and long-range

navigation and seakeeping abilities with the capability to protect passengers at submerged

depth. It also provicles a high degee of variabìlity in payload and a pnrpose-configurable

modülar design, makir.rg ìt very adaptable lor uses in industty, toulism, govemment.

rnilitar-y, and recreation. The vessel has a relatjvely simple, yet extrernely innovafive

design that is very safe without requiring extensive costly engineering. The vessel ofthe

present inventìon is the first general purpose submarine.

in order to overcome all of the challenges and provide a true general purpose

submaiine, the present invention was designed by taking on a perspective that is radically

different than typical subrnersible designs- Versatile submerged capabililies were

combined with robust surface handlûrg characteristics in most embodiments through the

nse of a tme presslrre hull, large buoyancy envelope, high power-to-lvergìrt ratio, high

fuel resewes, and high volume above the waterline during snrface cruising.

The size ofthe vessel ofthe present invel'rtidn is relevant to its usefi-rlness across

industries. Althougli much smaller than the huge atomic-powered military subs, the

vessel of the present invention is of a proven proportion to enaLrle seakeeping and

navigation on the srÌrface. It is also large enough to carry sigrificant supplies to allow

mission duratìons of several days. The relatively small size allows easy transport, with

over-the¡oad transpoÍ, air transporl, boat rarnp launch, common dockir-rg slip use, and

transport on larger vessels all possible. Higher speed and greater stealth are enabled by

the relatively smail size as well. The costs for acquisition, crews, filel, rnaintenance,

operation, and repair are all much lower compared to very large submarines.
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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 above the surface and to trim the vessel during
submerged operations. The fixed displacement present is huge relative to
15 the amount of variable displacement present. This leads to the amount
of buoyancy that can be controlled always being smaller than the
buoyancy that is inherent in the vessel. This approach makes sense in
large military vessels since they operate almost exclusively under water.
In smaller submersibles, the designers provide just enough ballast to
pierce the surface to replenish supplies and power and change out
passengers or crew. 20Underwater performance is maximized, and little
attention is paid to surface performance.       As a result of the
conventional thinking regarding ballasting, existing submarines and
submersibles have very deep drafts, with most of their volume being
below the water line during surface operation. This helps to keep the
vessel stable but has the disadvantages of providing very little ability to
cruise on the surface, very little variability 25in payload, and a constant
threat of swamping that must be accounted for with complex, costly
engineering of safety precautions.       The submarine of the present
invention counters conventional thinking by taking a different approach
and using a majority of the submarine's volume for ballasting. This large
amount of ballasting is necessary to allow the submarine to be capable of
operating 30 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  77 lifting capabilities.
Safety is inherently increased with this design by reducing the risk of
swamping or sinking due to a pressure hull penetration leak.       The total
volume of ballast that is fully controllable in the present invention is about
twice the volume of fixed displacement of the passenger compartment
and is 5 typically about equal to the volume of surface displacement of the
entire vessel, though the actual ballast volume may be more or less than
these values. Therefore, the controllable ballast is typically designed such
that, if fully purged, it is always capable of providing more buoyancy than
the passenger compartment. This feature distinguishes the present
invention from other pressure-hull based designs since it does not
necessarily rely 10on the passenger compartment's buoyancy to return to
the surface. 
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Incorporating the submarine's extensive ñu.rctionality into its relatively small size was

olre of the greatest challenges overcoute b-v the present invention.

One of the key features of the vessel of the present invention is its unique

approach to ballasting. A n.ruch l.riglrer proportion ofcontrollable variable displacen.rent is

present than in a typical submetsible. In addition to the quantity, another aspect ofthe

ballast approach is the staging and segregation o1'the vessel's fonns of fully-controlìable

ballast and its se¡ri-controllatrle ballast. Thrts, the vessel utilizes both a l-righ proportion of

variable ballast as rvell as a staged ballast design that in many embodiments is separated

into main iutetnal, main extemal, and semi-controlled divisions. Each division of ballast

operates diffèr'entl1'1o attain perfonnance never befoLe seen in sucb a small vessel.

Most typìcal submersibles and submatitles deal with ballastiug in the same

fashion. Eacll has just more tban the niuimutn controllable ballast needed to obtaln

enough buoyancy to get a small portion of its volume above the surface and to trirn the

vessel druing submerged operations. The fixed displacernent present is huge relalive tcr

the an'ìount ofvariable displacement pr:esent. This leads to the amount ofbuoyancy that

can be controlled always being smaller than the buoyancy that is il rerent in the vessel.

This approach makes sense in large military vessels siuce they opetate almost exclusively

under waler. In smaller subnersibles, the designers provide just enough ballast to pierce

the surface to replenish supplies and power and change otlt passengers or crew

Underwater performance is uraxilnized, and littie attention is paid to surface perfonnance.

As a result of the conventional thinking regarding ballastirg, existing submadnes

and submersibles have very deep drafts, with tnost of their volume being below the water

line during surface operation. This helps to keep the vessel stable but has the

disaclvantages ofproviding very little ability to cruise on the surface, very little variability

in payload, and a constant tll'eat of swamping that must be accounted for with complex,

costly ertgineering of safety precautiorts.

The submaúne of the present invention counters conventional thìnking by taking a

different approaclr and using a majority of the submarine's volume for ballasting. This

large arnount ofballastìng is necessary to allow lhe submarine to be capable ofoperating

on the surface as a high-speed, long-range surface vessel. The huge quantity of

controllable ballast also makes it possible for the subnarine to have a high degl'ee of

variability iri payload, to be cot.rfigured for multiple pllrposes, and to have underwater
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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 ambient pressure using the
given air stores, the leak will generally be limited to filling the lower third of
the volume of the passenger compartment. If any  15 degree of positive
buoyancy can then be obtained by injecting air into the main ballast, the
vessel will return to the surface, accelerating as it rises due to the
expansion of the trapped air. Sufficient purging of the main ballast to
compensate for loss of approximately a third of the passenger
compartment displacement can be obtained per 200 feet of depth from
one air storage tank, fully charged. 20In an embodiment of the invention,
the large controllable ballast allows for a maximum negative swing in
buoyancy of up to about 24,000 lb. before the vessel will completely lose
its ability to return to the surface. In contrast, a deep-dive submersible
allows for a negative swing in buoyancy of only about 1000-2500 lb.
before preventing its ability to surface. A return to the surface is
essentially guaranteed with the submarine of 25the present invention
when operating at reasonably shallow depths.       Additionally, safety is
also enhanced by the fact that the unique ballast system allows the
passenger compartment to be completely or predominately risen above
the waterline when the submarine is surfaced. Thus, when surfaced, the
through-hull penetrations are no longer submerged and no longer a threat
to leak. The surface hull  30 incorporated into the submarine provides an
additional barrier between the passenger compartment and the water
when surfaced. Due to using the proper amounts of lift and hydrostatic
support, the passenger compartment is able to reside completely or
predominantly above the waterline. This also does away with the need for
complex and  -23 costly engineering for each through-hull penetration that
would be needed on a typical submarine to achieve the same degree of
safety. Strong safety precautions are present in a simple and
cost-effective design in the present invention. Moreover, the large
proportion of controllable ballast greatly improves the surface 5
performance and carrying capacity of the vessel. Significant payload and
heavy components, such as surface motors, fuel, and batteries, can be
added to the vessel, even though this would not be possible in typical
submersibles.       A very shallow draft is also achieved due in large part to
the large amount of controllable ballast. This leads to low drag and thus
allows a planing hull to be 10  incorporated, thereby enabling
unprecedented surface speed for a submarine. Thus, the unique ballast
system allows long-range navigation and seakeeping at high speeds to be
present in a small submersible that has the payload capacity to be easily
configured for many purposes. The ballast system of the present invention
makes use of a combination of sealed 
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1ìftìng capabìlitìes. Safety is inherently increased with this design by ledLrcing the risk of

swamping or sinkir.rg drLe to a pressure hull penetration leak.

The total volume of ballast that is fully controllable in the present invention is

about twice the volume of fìxed displacement of the passenger compartment and is

typically about equal to the vohune ofsulface rlispìaceurent of the entile vessel, though

the actr.ral ballast volume may be more o¡ less than these values. Therefore, the

controllable ballast is typìcally desigr.red such that, iffullypurged, it is aÌways capable of

providing more buoyancy than the passenger cornpartment. This feature distinguishes the

present invention frotn other pressure-hull based designs since it does not necessarily rely

on the passenger cornpaltment's buoyancy to return to the surface.

Ifa throughJrull peuetration fails in the presenl invention, resulting in a leak, the

snbmarine can be prevented frorn sinking to the bottoln. If the passenger compafiment

can be brouglrt to ambient pressure using the given air stores, the leak will generally be

limited to filliug the lower third of the volume of the passenger compa ment. If arry

degree olpositive buoyanc¡, c¿¡ then be obtained by ir¡ectirrg air into the m¿in ballast,

the vessel will retunl to the surface, accelerating as it dses due to the expansron of the

trapped aìr. Sufficient purging of Lhe main ballast to compensate for loss of

approxirrately a thircl ofthe passenger compaftment displacement can be obtained per

200 feet of depth from one air stolage tank, fully chalged.

In an emboclirrent of tl.re invention, tl.re large cor.rtrollable ba.llast allows for a

maximum negative swing in buoyancy of up to about 24,000 lb. befo¡e the vessel will

cornpletely lose its ability to retum to the surface. In contrast, a deep-clive submersible

allows for a negative swing in buoyancy of only aboLrt 1000-2500 [b. before preventing its

ability to surface. l. retum to tl.re surfäce is essentially guaranteed with the subrnarine of

the present invention when operating at reasonably shallow depths.

Additionally, safety is also enhanced by the fact that the unique ballast system

allows the passenger compartment to be completely or predominately risen above the

waterline when the submarine is surfaced. Tl'rus, when sur faced, the throughJrull

penetrations are no longer submerged and no longer a threat to leak. The surface hull

incorporated into the submarine provides ar.r aclditional barier between the passenger

compaÍnent and the water wlren surfaced. Due to using the proper anrounts of lift and

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

predominantly above the waterline, This also does ar.vay with the need for complex and
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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
surface the vessel. 20The main internal ballast compartments remain
completely flooded and open while the vessel is submerged under water.
These compartments do not have a need for ambient-pressure air
compensation to resist deformation at depth since they remain open to the
sea, functioning similar to a wet hull. The main external ballast
compartments, on the other hand, only fill to the extent 25  necessary to
obtain neutral buoyancy. The large size of these compartments allows for
a great degree of variability in payload, which can be 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 30 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.  ?Ll       Being completely full at depth, the
main internal ballast compartments are neutrally buoyant. In an
emergency, though, air can be injected directly into the main internal
ballast and trapped in the compartments since they are sealed at the top.
Under this scenario, each main internal ballast compartment functions like
a positively buoyant 5 diving bell. In addition, a pea trap connection
between the main internal and main external ballast ensures that the
internal compartments can be fully purged even if all valves were to fail
open. This level of safety is unique to the present invention and allows the
submarine to surface under virtually any circumstances. Safety is
increased on the surface as well, as a result of the main ballast system's
10 sealed nature. A breach of the surface hull would only allow water to
enter until the trapped air reaches ambient pressure. This functions as an
effective double hull. Furthermore, if the vessel were to invert due to bad
weather, it can submerge and right itself, adding even more safety. The
semi-controlled ballast comprises free-flooding zones that are purged by
15 gravity as the vessel surfaces and sealed to the water during surface
operation. The main internal and external ballast typically lifts the
submarine until the free-flooding semi-controllable ballast zones are just
above the waterline. Then, these zones gravity drain through large
one-way valves or through hull gates until purged. The net effect is that
the semi-controlled ballast is neutrally buoyant while the vessel is
submerged but provides 20 additional displacement while the vessel is
surfaced. Also, the semi-controlled ballast provides freeboard
displacement in the portion that resides just above the waterline while
surfaced. This freeboard displacement helps inhibit the vessel from
rocking side to side while surfaced. 
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costly engineefing for each throughìull penetration that woLLld be needed on a typical

suburarine to achieve the sar.ne degree ofsafety. Strong safety precautions are present in a

simple and cost-effective design in the present ilrvention.

Moreover, the Iarge proporlion ofcontrollable ballast geatly impÏoves the surface

per.forrna:rce and canying capacity of the vessel. Significant payload and heavy

components, such as surface notors, fuel, and batteries, cal.r be added to the vessel, even

though this wortld not be possrble in typical subrlersibles

A very sltallorv clraft is also achieved due in large part to tl.re large atnount of

controllable ballast. This leads to low drag and thus allows a planing hnll to be

incorporated, thereby enabling unprecedented surface speed for a submaline, Thus, tlie

r,rnique ballast system allows long-range navigation and seakeeping at hìgh speeds to be

present in a small submersible that l-Las the payload capacity to be easily configured for

mar]y purposes.

The ballast systenr ofthe present invention nrakes use of acombinatjon ofsealed

and partially open ballast colnpafiments, as well as free-flood zones during a dive, to

allow a high degree of variability in payloacl and g¡eal safety benefits ln many

embodirnents, the ballast systelî can be divided into tl ee zones that each operate

differently. The nain intemal, main extemal, alid semi-conholled zones wor-k togethel lo

submerge and surface the vessel.

The main itltemal ballast compartments remain completely flooded and open

while the vessel is submerged nnder water. These compaúments do not have a need for

ambient-pressure air compensation to resist deformation at depth since they renrain open

to the sea, functioning similar to a wet hull.

The main external ballast compartments, on the other hand, only fill to tlle extent

necessary to obtain neutral buoyancy. The large srze of these compartments allows for a

great degree ofvariability in payload, which can be increased even fufther by the standard

addition of removable weights. The marrl extemal ballast comparlments afe sealed by

heavy-duty valves fronr both the main intemal ballast cornpartments and tlre 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 compar tlnents are compensated

witlr air at depth to avoid deformation. This allorvs for light-weight constrr-rction, wlllch

in turn keeps the vessel's weight low and increases stlrlace perfomalce'
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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 necessary. The result of the unique
ballast system is a large increase in payload capacity with just minimal
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 30any 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  25 provided by the unique ballasting system, the
vessel is able to carry these additional systems and thus be autonomous.
The air store is typically SCBA breathing air to be used as life support and
in ballasting operation. The substantial payload capacity provided by the
unique ballast system also allows the vessel to carry more conventional
oxygen and 5 carbon dioxide scrubber stores in large quantities. This
leads to improved life support capabilities and also provides redundancy
to increase the robustness of the life support systems. The submarine
does not require shore or surface vessel support to conduct multiple
dives, making it more convenient than typical small submersibles. The
ability to recharge itself allows the submarine to dive multiple times, and
the amount of fuel 10present is the main limiting factor in its ability to
recharge. This ability gives the vessel longer range and greater dive time
than typical submersibles.        A unique feature of the vessel is its
handling of stability issues. Due to the fact that a large percentage of the
volume of the submarine resides above the waterline while        surfaced,
the vessel's center of gravity crosses its center of buoyancy when it
submerges. 15At the point where they cross, most traditional surface
vessels are not stable and are in  danger of rolling over. However, in
certain embodiments of the subject invention, through the use of a
carefully balanced distribution of weight, stability tanks mounted on the
upper sides, and freeboard displacement that remains above the waterline
when the points .cross, these embodiments are able to remain stable and
inhibit rollover. 20 Another important characteristic of an embodiment of
the present inventioh that distinguishes it from typical submersibles is its
purpose-configurable component- and assembly-based modular
construction. This modularity allows for a high degree of configurability.
While most submersible vessels are preconfigured for a particular
purpose and built as a single unit, embodiments of the present invention
are designed for 25  multi-purpose use and for mass production, with the
ability to customize each individual submarine. 
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Being completely ltrll ar depth, the main ir.rtemal ballast comparlnents are

neutrally bnoyant. In an emergency, though, air can be ìnjectecl drrectly into the rraìn

inten.ral b¿llast and trapped in the compartments since they are sealed at tl.re top. Ur-rder

this scenario, each main intenral ballast compartment functions like a positively buoyant

diving bell. hr addition, a pea trap connection between the naiu intemal and main

external ballast ensures that the inte¡ral compafiments car-r be fully pLLrged even if all

valves were to fail open. This level ofsafety is unique to the present invention and allows

the submarine to surface undel virtually any circumstances.

Safèty is increased on the surface as well, as a resuh ofthe main ballast system's

sealed natule. A breach of the surface hull would only allow watei to enter until the

trapped air reaches ar¡bìent pressure. This functions as an effective double hull,

Fuflhennore, if the vessel wer:e to invert due to bad weather, it carr snbmerge and right

itself, addilg even mole safety.

The semi-controlled ballast cornprises free-flooding zones that are pulged by

glaviry as Lhe vessel snlfaces and sealed to the watel'during surface operation. 1'he main

intemal a:rd erternal ballast typically lifls Lhe submarine until tlre [r:ee- flooding semi-

controllable ballast zones are just above the waterline. Then, these zones gravity drain

tluough large one-wa;z valves or through hull gates until purged. The net effect is that the

se-mi-controlled balÌast is neutrally buoyant while the vessel is submerged lnt provides

additional displacement wi.rile tl.re vessel is surfaced. Also, the semi-contr-olled ballast

provides lÌeeboard displacer.nent in the portiori that residesjust above the waterline while

sulfaced. This freeboard displacement helps inhibit the vessel fì'on 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

opelations necessary. The result ofthe unique ballast system is a large increase in payload

capacity witl-r just minrmal additional weight. This allows fbr high power and îuel

reserïes to be added, increasìng the configurability of the vcssel. The safcty level

achieved is unparalleled by any typical subnersible as the vessel can sulface in virlually

any circumstances.

Another leature ofan embodiment ofthe present invention is its abilityto carry a

system thât allows it to recharge its own air stores after a dive and an additional systern to

recharge its powerlul dive batteries. Due partly to the payload capacity and variability
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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 compartment, the upper body works,
the surface hull, the surface engine 30 compartment, the side tanks, the
main internal ballast, and the central framework, can easily be swapped
out, added, or removed for repair or to change the vessel's capabilities.
Each primary assembly is pre-fabricated, typically with pre-attached
components. The  26 vessel typically comprises at least one passenger
compartment, at least one surface hull, at least one main internal ballast,
and at least one surface engine compartment       Other primary
assemblies and many common marine components or submarine
components can also be incorporated into the vessel and easily
connected to grids 5  providing electrical power, air, water, and/or
hydraulic power. Typical submersibles have the passenger compartment
as the main body such that every change will greatly affect it. In the
present invention, on the other hand, the passenger component is just
one assembly, and it is not affected by most changes to the vessel. The
use of primary assemblies allows variant methods of assembling the
vessel. 10  in an embodiment, a central framework primary assembly is
used, upon which other primary assemblies may be mounted. The central
framework is typically a rigid box or I-beam frame; which may be steel,
composite material, aluminum, or other rigid material, with pre-drilled
mounting holes or brackets for the attachment of other primary
assemblies and components. 15In an embodiment, rigid reinforcing
members are incorporated into the primary a.ssemblies themselves. The
reinforcing members may comprise Steel; composite material, aluminum,
or other rigid material, with pre-drilled mounting holes or brackets for the
attachment of other primary assemblies and components located On the
assemblies themselves. 20In a further embodiment, neither a framework
nor reinforcing members are used. Rigidity and strength are instead
provided by the construction of the primary assemblies, using the method
commonly known in the art as monocoque or uni-body construction, or
structural skin. This method is commonly used in automotive or surface
boat manufacture. Using a um-body construction method, the primary
assemblies are 25  designed with sufficient structural strength via
corrugation, internal welding, or other means that they will integrate into a
single chassis, eliminating the need for a body-onframe. 
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provided by the unique ballasting systetï, the vessel is able to cany these additional

systems and thus be autonomoì-ts. The air store is typically SCBA breathil.rg airto be used

as life support and in ballasting operarion. The sr-rbstantial payload capacity provided by

the urrique ballast systen.ì also allows the vessel to cary mole conventiotial oxygen and

carbon dioxide scrubber stores ir.t lar.ge quantities. This leads to improved life support

capabilities and also provides redundancy to increase the lobustness of the life support

systems. The submarine does not lequire shore or surface vessel suppofi to condlìct

lTrultiple dives, making it more convenient than typlcal small submersibles. The abilityto

recharge itself allows the submarine to dive rnultiple times, and the amount of fuel

present is the maín limitir-rg lactor in its ability to recharge. This abiiity gives the vessel

longer range and greater dive time than typical submersibles.

A uuique feature ofthe vessel is its handling of stability issues. Due to the fact

that a large percer.rtage of tl.re vohrme of the submarine resides above the waterline while

surfacecl, the vessel's center ofgravity crosses its center ofbuoyatlcy when it submerges.

At the point where they cross, most traditronal surface vessels are not stable and ate in

da ger of rolling over. However, in cerlain embodinlents of the subject invention,

through the use ofa carefully balanced distribution of '¡/eight, stability tanks molrnted on

the upper sides, and fieeboard displacemer.rt that renains above the waterline when the

points.cross, these embodiments are able to remain stable and inhibit rollove¡.

Another impofiant characteristic of an embodimeDt ofthe present inventioii rhat

distinguishes it from typical submelsil¡les is its purpose-configurable component- and

assernbly-based modular construction. This modularity allows for a high deglee of

confrgurability. while most submersible vessels are preconhgured for a particular

p¡rpose a¡d built as a single unit, embodir.nents of tl.re present inventiott are desigtled for

multi-p¡rpose use ancl for mass production, with the ability to custornize each indivldual

submarine.

In an embodin.rent, the vessel com.ptises one or more primary assemblìes which

are large, pre-manufactured portions of the vessel. The primary assemblies, such as thc

passengeï compar1ment, the upper body works, the surface hul1, the surface engine

compartment, the side tanks, the main internal ballast, and the central framework, can

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

Each primary assembly is pre-labricated, typically with pre-attached componeuts. The
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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 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.  77
Yet another unique feature of an embodiment of the present invention is
the inclusion of pressure-resistant pods aside from the passenger
compartment. The vessel typically includes a true one-atmosphere
pressure hull passenger compartment which also houses controls,
instruments, and passenger comfort components. However, other
5components are isolated from the passenger compartment and enclosed
in their own pressure-resistant submersion pods.       The passenger
compartment has connections to the air grid which allow it to alternatively
function as an ambient pressure compartment. The vessel can function as
a diving bell, providing decompression to bent divers, and an egress collar
may be included 10 to assist diver operations in saturation dives.
Additionally, the ambient pressure mode can be used in emergency
situations to prevent flooding of the passenger compartment, providing
enhanced safety. The ability to ambient pressure compensate the
passenger compartment, combined with the fact that through-hull
penetrations are only on the lower third of the passenger compartment,
guarantees that any through-hull penetration failure 15Will not completely
fill the passenger compartment with water.         Submersion pods are
pressure hulls or ambient-pressure compensated . compartments that
reside outside of the passenger compartment. The battery bank tubes  are
typically pressure hull submersion pods, and the surface engine
compartment is typically an ambient-pressure compensated submersion
pod. These submersion pods increase the configurability of the vessel
since components are more easily switched out by not being contained in
the passenger compartment. This also keeps the fixed displacement low,
lowering the weight necessary to submerge the submarine and increasing
the surface performance. Safety is also enhanced by isolating potentially
dangerous components from the passenger compartment, such as
high-voltage electric 25lines 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 
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vessel t)¡pically compdses at least oÌ.ìe passenger compafirnent, at least one surface hulì,

at ieast one main intemal ballast, and at least 01]e sttrface engiue compartment.

Other plimary assemblies and many cornmon marine coÍrìponents oT submaûne

components can also be iucorpolated into the vessel and easily connected to grids

providing electrical power, ail , water, and/or hydraulic power. Typical sr,rbmersibles have

the passenger compaÍment as the nain body such that every change will greatly affect it-

ln the present invention, on the other hand, the passenger comporlent is just one

assembly, and it is not affected by n:rost changes to the vessel.

The use ofprirnary assemblies allows variant methods of assembling the vessel.

I¡ an embodiment, a central fiauework prìmaty assembly i's used, upon which other

prirrary assemblies may be mounted. The cenhal fi'amework is t¡,pically a ngid box or l-

tream frame, which may be steel, composite malerial, alttminum, ot other rigìd mateúal,

with pre-drilied moùllting holes or brackets for the attaclment of otlier primary

assemblies and components.

[n ¿in embÒdi rent, rigid reirrfolcing mr:rnbers are tucorlrorated into re prìmary

ass¿rrl¡lies themselves. 'fhe reinforoing membets may c')mpiise steei, cot.uposite

mated¿;l, aluminurn, or othel rigid nraterial. with pre-dlilled mounting iioles or brackets

for the attachmeirt of othet' priI.r.rary assemblies ancl components located or'. the assemblies

l:h i íxsclves.

kt a furthe'r enbodiment neither a lramervotk uor reir.rforcing membets are used.

Rigidity and strength are instead provided by the constntction ofthe primaty assemblies,

using the nT ethod commonly known in the aÍ as monocoqne or uni-body construction, or

structural skin. Tl-ris method is conmonly used in alttomotive or surface boat

luranufactue. Lising a unr-bodv construr;tion methcd, the ptìtnatl assernblies are

designed wlth sufficient structural strength via coruugatiou, intemal welding, ol'other

me:rrrs that they will integrate into a srngle chassis, elìminating the need fol a body-ott-

lrame.

Fudhel embodiments may use combinations of uni-body and body-on-t-ame

constnrction. Any of these assembly methods, when used to join the primary assemblies,

provide lor the use of an assembly line, which has nevet before been used for submatine

constructlon. The configurability of the vessel is also greatly enhanced by the Ltse of

prim;ry assernblies and components which can be easily swapped out.
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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 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  ?8
system, these components may be constructed of lightweight materials
and various shapes, as long as they are reasonably airtight. In addition,
the system helps reduce the fixed displacement and total weight of the
vessel, therefore allowing for a higher powerto-weight ratio. 5Another
advantage provided by the ambient-pressure air compensation grid is that
off-the-shelf components not designed for use on submarines at
high-pressure depths under water can be used on the submarine at such
depths. Air compensating these components negates the need for special
development or testing and allows any sealed, water-resistant component
to be modified and attached to the ambient-pressure air 10 compensation
grid to prevent deformation and/or water intrusion. The components, such
as a marine radar dome, for example, can be typically attached to the
ambient-pressure air compensation grid via a vent hose. This enhances
the configurability of the vessel and simplifies its design.              An
important feature of the present invention is its inclusion of a surface hull
and 15its ability to achieve a high power-to-weight ratio.       Typical
submarines and submersibles use displacement hulls, which have a very
deep draft which reduces surface visibility and creates a large amount of
drag during surface operation. Drag lowers speed and increases energy
needed for surface operation. Displacement hull vessels are limited in
their forward speed by drag and the  20 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 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 forces must be used.
25 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 30 skipping across the surface like a stone, as opposed to
pushing through the surface, as with a displacement hull. Planing allows
for significant increases in a vessel's speed, because the vessel is no
longer limited by its hull speed. Drag is also minimized since more of the
vessel is lifted out of the water compared with a displacement hull.  
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Yet another uniqtle featùre of an enibodinlent of the present invetttion is the

inclusion ol pressure-r.esistant pods astde lrom the passenger compaúmenÎ. The vessel

typically includes a true one-atmosphere pressure hull passenger compartment which also

houses controls, instruments, and passenger comforl components- However, other

components are isolated frorn the passenger compañment and enclosecl in their own

pressure-resistant submel sion pods.

The passenger compafiment has connections to the air grid which allow jt to

altematively function as an ambient pressule compartment. The vessel can lunction as a

diving bell, providing decompressiou to bent divers, and an egress collar may be inclucled

to assist diver operations in saturation dives. Actditionally, tlie ambient pressure mode can

.be used in emergency sitttations to prevent floodìng of the passenger compartment,

proùiding enhanced safety. The ability to amblent pressure coìl'tpensate the passenger

compaÍment, combined with the fact that through-Lull penetrations are only on the lower

thircl ofthe passenger compartnlent, guarantees that any through-hulì penetration faìlure

'will not completely fiIl the passenger colnpartnlent with water'

Submersiort pods ale pressrìre l.tulls or ambieut-pressure compensated

. compaÉments that resirle outside of the passenger col.npaftment' The battery bank tubes

,.are typically presstue hull submersion pods, and the surface engine compaftment is

typically an ambient-pressure compensated submersion pod. These submersion pods

increase the configurability ofthe vessel since components are more easily switched out

by not berng contained in the passenger compaltment. This also keeps the fixed

displacement low, lowering the weight necessary to submerge the submarine and

increasing the surface performalce. Safety is also enhanced by isolating potentially

daugerolrs compollents fron.r the passengel' compartment, such as liigh-voltage electric

lines or luel stores.

Embodilneuts of the present invention comprising an aurbient-pressure air

compensation grid help ambient-pressure submersion pods, chambers, and compaÍments

avoid defomration and water intrusion at depth.

The ambienlpressure air compensation grid comprises an ambient core reader

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

the pressure across the grid, and air is distributed to an ambient core r-nanifold whicli

cor.ìnects via vent hoses or piping to the submersion pods, chambers, and componelts

attached to the ambient-pressure air compensation grid. Due to this air compensation
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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 compartment and submersion
pods, the submarine is able to attain a high enough powerto-weight ratio
during surface operation to achieve planing. The vessel comprises a
5planing surface hull and is thus capable of high speeds during surface
operation.       An embodiment of this vessel is the first submarine to have
a pressure hull and a planing hull. The large amount of horsepower
housed in the ambient-pressure compensated surface engine
compartment and the large fuel reserves make this possible. Planing has
historically been considered nearly impossible in submarines with
pressure 10 hulls. True submarines have previously never achieved any
significant degree of planing. The planing 'ability of the submarine
according to the present invention solves the challenge ofreconciling
configurability and small size with long-range surface navigation and
seakeeping at high speeds.              Another aspect of an embodiment of
the present invention is its variable 15displacement fuel system.
Storing fuel is problematic to submarines and submersibles due to several
factors. While. diesel fuel compresses only minimally and thus does not
need protection from pressure at depth, the fuel leaves a gap in fuel tanks
as -it is used. The gap must be accounted for or the fuel tank wall will
deform. Any submarine carrying fuel needs to 20 . compensate for the
variance of fuel over the course of a mission. Therefore, fuel tanks must
be ambient pressure compensated or, alternatively, built in a pressure
hull.       If fuel is located in a pressure hull, the displacement will be fixed
but the fuel weight will vary as it is used. Compensating weight, which
decreases efficiency, must be added to allow the submarine to dive when
fuel is low. Ambient-pressure compensated 25 fuel tanks either present a
fire risk if air is added or an engineering challenge if the tank is
compensated with seawater. Some military submarines in use during
World War II used a seawater compensation system, but it was very
complex and is not practical for nonmilitary vessels. In fact, many typical
submersibles simply do not carry any fuel and instead use only batteries
for energy storage. This results in extremely limited range and
30navigation 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  30 
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systen. these components nray be constructed of lightr.veight nlaterials and valiolts

shapes, as long as they are reasonably airtight. In addition, the system helps reduce the

fixed displacemer.rt and total weight of the vessel, ihelefore allow'it.rg for a higher power-

to-weight ratio.

" Another advantage provided by the ambient-pressule air compensation grid is that

off-the-shelf components not designed for use on submarìnes at high-pressure deptlrs

urrder water can be used on the subtnaìne at such deptl-rs, Air compensating these

components negates the need for special developrnent ot testing and allows any sealed,

water-resistant component to be modified ancl attached to tl-re ami¡ìent-pressuLe air

compensation gid to prevent deformation and/ot water intrusion. The compohents, such

as a marine radar d.ome, for exarnple, can be typically attached to the ambient-prcssure air

compensation grìd via a vent hose. This enhauces the conhgurability of the vessel and

simplifies its desigu.

An important feature of the present invention is lts iriclusion of a surface hnll and

rts abilìty to achieve a hìgh pou'er'-to-weiglrt latio.

Typicai subrnarines and subr'ersibles use displacement hulls, whiclt have a vety

deep draft which reduces sutface visìbility alld creates a latge amounl of drag during

srirläce oper ation. Drag lorx,ers speed aud increa.ses energy needed for sut läce operaiiott-

Displacement hull vessels are limitecl in their fon¡¡ard speed by drag arrci the

lengtl.r ol the vessel. -A ship o f a giuen length camot go I aster tlÌ¿u.ì its ltull speecl becanse

of the wave action that it creates as it moves fòrward, and the wave actìon is determined

blr the length ofthe vessel. A displacernent hull vessel attempting to exceed its hull speed

will push up on a bow wave.

In ordet to achìeve a- speed higher than tl.re hull speed, other forces must be '¡sed.

Hyclrodynamic lift resulting irom a vessel's motiou can be used to surpass tl'te hull speed.

llydrodytamic lift comes lrom the tendency ofavessel lo tise up in the front when water

collects against the lront of the bow as it moves forwalcl. With suffrcient tblust from lhe

engìnes and a proper hull desrgn, a vessel can achieve a significant enough amount of

hydrody,namic 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

*,ith a displacernent hull. Planing allows for significant inct'eases ìn a vessel's speed.

because the vessel is no longer limited by its hull speed. Drag is also minimized stnce

more of the vessel is lifted out of the lvater compared with a displacement hull
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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
vessel, leading to a net result of little additional weight. 5being necessary
to attain neutral buoyancy at the beginning of a dive.        Some
compensating weight may still be used in the vessel to offset a dive with a
full fuel load. Because diesel fuel weighs about 1-1.5 lb/gallon less than
water, the vessel is actually more buoyant with more fuel. This means that
the vessel gets heavier underwater as fuel is used and water replaces its
volume. The submarine is designed with 10 enough weight to be able to
dive with a full fuel load of well over 500 gallons, though the actual full fuel
load may be less in particular models. To demonstrate the advantage of
the variable displacement fuel cells, the compensating weight for the
vessel traveling in seawater with 525 gallons of diesel fuel is only about
804 lb, while at least 3,728 lb of compensating weight would be necessary
if the fuel was located in a pressure hull. This 15'massive reduction in the
weight of the vessel helps allow for a shallow draft, which in turn
contributes to the ability of the vessel to plane and achieve high speed.
Referring now to the drawings, as shown in Figures 1-8, the vessel of the
present irivention may comprise a central framework 8, to which may be
attached a passenger compartment 1, a surface hull 42, an upper body
works 37, a surface engine compartment 20  20, main internal ballast
compartments 2, and side tanks 15. The side tanks may further divide into
the main external ballast compartments and the trim 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 is a pressure In alternative embodiments,
the passenger compartment 1 may be an ambient 25 pressure hull. In a
further alternative embodiment, the passenger compartment comprises a
hemispherical head portion 36, as shown in Figure 7. In certain
embodiments, the passenger compartment 1 includes an air conditioner
56.        The surface hull 42 serves to separate the passenger
compartment 1 from the water during surface operation and also helps the
vessel attain high speeds during surface 30 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.  3 
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The ur-rique ballasting of the present ítlvention allows for a shallorv draft. When

combined with the rveight and space saving ofthe arnbient-pressure compensated ettgine

compaÍment ancl submersion pods, the submarine is able to attaìn a l.righ enougl'r power -

to-weight ratio during surface operation to achieve planing. The vessel comprises a

planing surface hull and is thus capable ofhigh speeds dunng surface operation.

An embodiment of this vessel is the hrst submarine to have a pressure hull ald a

plaling hul1. The large atnount of horsepower hottsed in the ambient-pl essure

compensated surface engine compaftment and the large fuel reserves make this possibJe.

planing has historically been considered nearly irnpossible in submadnes with pressure

hulls. Tme submarines have previously never achieved any signihcant degree ofplaning

The planing abiìity of the submarine according to the present inventiou solves the

challenge ofreconciling configurabìlity and small size with long-range surface navigation

and seal<eeping at higlr speeds.

' Another aspect of an embodtment of the preserlt ilrvention is its variable

displacet nent luel systenr.

Storing fuel is problematic to subr¡arines ancl submersibles clue to several factors,

While diesel fuel compresses only minimally and thus does not lìeed proteotion from

pressuïe at depth, the fuel leaves a gap in fuel tanks as it is used- Tl.re gap must be

accounted for ol the fuel tank wall wll defonn. Any submarine carrying fuel ueeds to

compensate fo¡ the variance offuel over the course ofa tnission Therefore, fuel tanks

rnnst be ambient pressule compensated or, alteuratively, built in a pressure liull-

If fuel is located in a pressure hull, the displacernent will be fixed but the fuel

weight wìll vary as it ts used. Cornpensating weight, which decreases efficiency, mustbe

added to allow tl.re subnlarine to dive when hrel is low. Ambieut-pressure conlpellsated

luel tanks either present a fìre tìsk if air is added ol an engineering challenge ifthe tarLk is

compensated rvith seawater. Some military submarines in use durìng World War II nsed a

seawater compensatiou system, but it was very cornplex and is not practical fot notr-

military vessels. In fact. many typical submersibles simply do not calry any fuel and

instead use only batteries for energy storage. This results in extremely limited range and

navigation capacity.

In certain emboclìments, the submarine of the present invention ttses variable

displacernent fuel cells to be able to cany fuel reserves ofgreater than 500 gallons in a

small-sized vessel and with less weight than typical designs. A vanable displacerlent fuel
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The upper body works 37 surrounds the lower portion of the passenger
compartment 1 and extends laterally from either side and above the
passenger compartment 1 in the rear. In many embodiments, the upper
body works 37 includes semi-controllable ballast zones 9, which may
have semi-controllable ballast one-way 5 flappers 41, and stability tanks
4. In certain embodiments, the upper body works 37 also includes dive
planes 5 (shown in deployed position in Figure 5) that may be deployed
during dive operations. In certain embodiments, the rear deck and side
deck areas 16 may be used for submersion pods (49, 50) housing
additional batteries (in submersion pod 49) br additional fuel load (in
submersion pod 50). In certain embodiments, the upper body 10 works 37
may include a spoil& 10. The spoiler 10 may comprise piping 39 that can
be used in snorkeling applications. In alternative embodiments, larger
stability tanks 48 may be used. In certain embodiments, the upper body
works may include a weapon mount 53, well 54, or manipulator aim 55. In
many embodiments, the surface engme'compartment 20 is
ambient-pressure 15 ccimpensated with the help of ambient presSure
input check valves 45 and an ambient core reader 22. The surface engine
compartment 20 often houses surface engines 31, which use surface
engine gears 32 to operate out drives Contained in out drive housings 23.
In many embodiments, the out drive housings 23 are ambient-pressure
compensated. Out drive seals 24 may be used to help keep the 'surface
engine compartment 20 sealed 20 where the out drives are located. The
surface engines 31 draw fuel from fuel cells 17, which are often variable
displacement fuel 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 25bow 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 30 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  32 open to the outside environment via the
ballast exhaust port 21 and the use of the exhaust valve 26. In certain
embodiments, water pumps 19 may be used to assist with water injection
to or ejection from the ballast system. In many embodiments, the vessel
includes an electrical system and an air system. 5 The electrical system
stores power using battery banks 12, which may be stored in submersion
pods. In many embodiments, the air system comprises oxygen tanks 13,
SCBA storage tanks 14, an emergency air tank 33, a high-pressure
compressor 34, and an. air grid. The air grid may include a low-pressure
air delivery line 40, a low-pressure air delivery and compensation line 46,
a high-pressure air delivery line 47, and air grid check 10valves 25. 
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cell col.nprises a flexible material fr-rel bag residing in the main ballast tanks or- a fi'ee-

flood zone inside the vessel. Fuel is removecl h'om the cell as it used by a ir,rel purnp,

thereby reducing the displacen.rent of the cell. As the displacernent of the cell is

decreased, more water enters the vessel^ leading to a net result oflittle additional weight

being necessary to attain nertral buoyancy at the beginnilig ofa dive.

Some compensating weigl.rt may still be used in the vessel to offset a dive wilh a

full fuel load. Because clieseÌ fuel weighs about 1-1.5 lb/gallon less than water, the vessel

is actualiy more buoyant ',¡¡ith rnore fuel. This means that the vessel gets heavier

undenvater as fuel is used and water replaces its volume. The subntarine is designed with

enough weight to be able to <live with a fulì fuel ìoad oîwell over 500 gallons. though the

actual full fi¡el load may be iess ir.r par1icular models. To denonstrate the advantage of the

variable dísplace.ment fitel cells, the compeusatiug weight for the vessel traveling.in

seawater with 525 gallons ofdiesel fuel is only about 804 lb, while at least 3,728 lb of

ccmpensating weighl would be necessary ifthe fuel was located in a pressure hull. 'l hts

massi''e reduction in the weight c1'the vessel helps alìow for a shallow rh¿ft. u'hich in

tui-r.ì ccntributes to the abilitl, of lhe vessel to plirne and achieve higli speecl.

Rr:fètring now to the drawings" as sbo-vn in Figtrres i-8, tlre vessel ofthe presenl

iriveniron may cornprise a cenll:al fi'amew'ork 8, to which may be aitacìred a passenger

compartment 1, a surface hull 42. an upper body works 37, a slt¡face engine compznlrnent

20, :'nain intemal ballast coinpaftrleuts 2, ¿nd side tanks 15. Tbe side tanks tnay fuÍher

divide into the main externai ballast compârtmeltts and the tnrr ballast compafiments 3.

The passenger compafiment 1 houses the passengers and contains controls for the

operation of the vessel. In many embodìments, the passenger compadment 1 is a pressure

hrill. '[n alten.rative embodiments, the passengcr coi]lparhrent I may be an ambient

pressure hull. In a frulher altemative embodiment, the passenger corrlpafiment cotnprises

a he;nispherical hcad portion 36, as sholvn in Figure 7. ìn cedain embodiments, the

passenger compaftment 1 iucludes an air conditioner 56.

The surface hull 42 ser-v'es to sepal'ate the passenger (;ompafiment 1 fi¡m the

water during surface operation and also helps the vessel attain high speeds dunng surface

navigation. ln many enlbodiments the su¡face hull 42 is a planing hull. In altemative

emt¡odiments, the surface hull 42 is a displacement hull. ln ¿r lurrhel altelrative

embodìn.rent, the surface hull 42 is a wave pielcing planrng-style hull 38, as shor,vn i,n

Figure 7. In certain embodilnents, the snrface hull 42 colnprises a hull gate 18.
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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 at ambient pressure. that
distributes ambient-pressure compensating air to other components 15of
the vessel.        The term ''ambient core reader as used herein refers to a
device that reads and/or reacts to the ambient pressure,        The term
"ambient pressure" as used herein refers to the pressure of the
environment outside the vessel at a given time. 20The term "buoyancy" as
used herein, consistent with its usual meaning 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 meaning in the
art, refers to a device or substance used to remove the majority, if not all,
25of the carbon dioxide from a sample of air.       'The term "center of
buoyancy" of a vessel as used herein, consistent with its usual 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 30meaning 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.        The term
"fully-controllable ballast compartment" as used herein refers to a ballast
compartment that is designed to receive air purposefully injected under
pressure and has a direct, controllable connection to an air grid or is
connected to a ballast compartment that has a direct, controllable
connection to an air grid; and includes the 5main internal ballast
compartments and any main external ballast compartments, but excludes
the trim ballast compartments.       The term "fuel cell" as used herein
refers to any container reasonably capable of holding fuel. 
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Tl.re upper body works 37 sttn ounds the lower porlion of the passenger

comparlrnent I and extends laterally fronl either side and above the passenger

compaftment I in the rear. L] many embodiments, the upper body rvorks 37 includes

semj-controllable ballast zones 9, which t.nay have selni-controllable ballast one-way

flappers 41, and stability tanks 4. ln cefiail'r embodirnents, the upper body wotks 37 also

incluc'les dive planes 5 (shown in deployed position in Figure 5) that may be deployed

during dive operations, In cerlain embodilrLents, the l eal' deck and side deck areas l6 may

be Ùsed ior submersion pods (49, 50) hotÍsing additional batteries (in submersion pod 49)

rrr additional ñrel load (in snbmersion pod 50). In ceftain embodimerlts, the upper body

works 37 Íray include a spoileT 10, The spoilel l0 may cornpnse pipìng 39 that can be

used in snorkeling applications. In altemative embodiments, larger stabilrty tanks 48 may

be used. Lr ceftain embodiments, the upper body wot'ks rnay include a weapon mount 53,

well 54, or malipulator ann 55.

In rnany embocliments, the surface engine'compadtlent 20 is ambìent-pressure

córnpensated with the help of an'rbient þies'sLrre input check valves 45 alld an ambient

coLe reader 22. The s'rface engine co'npârllrent 20 often houses surface engines 31,

which nse surface engine gears 32 to operate out drives Contained in ollt drìve housir.rgs

23. In many er.r.rbodiments, tbe ouÏ drive housings 23 are ambient-pressure compensated.

Out dnve seals 24 may be used to help keep the surface engine compartment 20 sealed

where the ont drives are located. 'lhe'surface er-Lgines 31 draw fuel lrorn fuel cells 17,

which are often variable drsplacernent frLel cells, via a fuel line 30 and fuel check valve

29. The surface engine compafirnent 20 typically comprises an engiue lid cover l1 to

keep it sealed fi-om the elements. ln ¿ertain ernbodiments, the vessel uray inclrtde an aft

ttüïSter contained ìn an aft thruster tube assembly 51 and a bow thmster.' contained ili a

bow tl.rustel tube assembly 52.

hr many ernboclilnents, the ùnique ballast system of the preseÍìt invention

comprises maìn intemal ballast conrparlrnents 2, main extemal ballast compaltn]ents 7,

tfim ballast compartments 3, and semi-controllable ballast zones 9. Each main internal

ballast compartment 2 typically opens to the outside environment via tile n.rain intemal

ballast input 43 and to the main exten.ral ballast compartmeuts 7 via pea tt ap connections

44 and main ballast valves 27. The nlain intemal ballast conlparlrlents 2 often comprise

ballast liners 28. In n]any erabodiments, the main extelr-ral ballast compaÍmeuts 7 can
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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 accumulator.        The term "hydrostatic lift" as used herein,
consistent with its usual meaning in the art, refers to the buoyant force of
water pushing up on. a vessel while it is sitting at rest.       .The
term-"main ballast system'-as-used-herein refers to the main internal
ballast - - compartments and the main external ballast compartments, If
any.       The term "neutral buoyancy" as used herein, consistent with its
usual meaning in the art, refers to the condition where the force of gravity
and the force of buoyancy acting on a vessel are equal, meaning that the
vessel neither rises nor sinks in the water. - 20The term "passenger
compartment" as used herein refers to a component of a 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 25submarine and attaching other
components to the submarine without requiring 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.  30 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  34 gravity, without the assistance of mechanically injected air,
when the vessel is on the surface of the water. 
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open to the oLrtside environment via the ballast exhaust port 2l and the use ofthe exhaust

valve 26. In cerlain embodiments, water pumps 19 may be usecl to assist with water

injection to or ejection fron.r the ballast systen-r,

ln manv embodirnents, the vessel inclucles an electrical system and an ail system.

5 The electrical system stores power using battery banks 12, whicli rlay be stored in

snbmersion pods. In many embodiments, the air system comprises oxygen tanks 13,

SCBA storage tanks 14, an emergency air tank 33, a high-pressnre compressor34, and an

ail gricl. The air gr-id may include a low-pressnre air delivery line 40, a 1ow-pressure air

clelivery and compensation iine 46, a high-pressure air rlelivery line 47, ancl air gncl check

Itl \al./es 15

The prirnary assemblies and other components of th.e vessel will be described in

h rrther dcta il below.

The term "ambient core manifolcl" as usecl herein refers to a central hub, kept at

anrbìen t pressure, that dislnbul es anbient-presisure compensating aìr to other corn¡ronents

!5 oi lllr ! e:isel.

'fhe ter¡rr "atrrbient core reader'' ¿s used herein retèrs to a device tliat reacls and/or

t'eacts to the ambient pressnre.

'fhe lerm "ambienl pressrre" as used herein relèrs to the pressure of the

Ëirvi'ott1Ì.1eltl outside the vessel at a given tinre.

;.0 'Ihr: ternr "buo¡rancy" as used herein, consistent wrth its risnal rrreanir.rg in the alt,

refers to the upward force exerted by the water on a vessel, and is equal to the weight of

tlrr: volume of watel dispiaced by the vessel.

The term "car.bon clioxicle scrubber" as used herein, consìstent with its usual

mean,ngìnthear1,relerstcradevjceorsubstanceusecltorernovethemajority,ifnotall,,

2.5 of the carbon díoxide frorr a sample of air .

'Ihe term "center of buoyancy" ofa vessel as used hereûr, cor.rsistent with its usual

meaning in the arl, refers to the geometric center ol the buoyant lorce acting on the

vessel.

Tlre term "center of gravify" of a vessel as used herein, consistent with its usnal

30 meaning in the ad, refers to the geometric center ofthe vessel's mass.

'Ihe term "corrponent" as used herein reièrs to any device or substance which can

reasonably be included on any submarine, subnrersible, or surface vessel.

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 seakeeping capabilities, and capable
of safely operating under water with human passengers.       The term
"submersible as used herein refers to a vessel or vehicle, capable of
safely taking human passengers below the surface of the water and safely
returning the passengers to the surface. All submarines are submersibles,
but not all submersibles are I 0submarines.        The term "surface
displacement" as used herein, consistent with its usual Meaning in the art,
refers to the volume of water that is displaced by a vessel during surface
operation. The term "surface navigation" as used herein, consistent with
its usual meaning in 4_5the a _refers to moving and/or changing
directions during surface operation..        The term "surface operation" as
used herein, consistent with its usual meaning in the art, refers to when a
vessel has approximately as much of its volume above The -waterline as
it is reasonably capable of having. For example, for a typical lax ge
submarine, surface operation refers to when enough of its volume is
above the waterline so that the hatch on top can be opened and
passengers 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 to any vessel that is typically intended for surface operation and
is not typically intended for underwater operation, and includes, but is not
limited to, vessels such as 25speed boats, oil tankers, yachts, cruise
ships. and tugboats.       The term -upper body works" as used herein
refers to deck areas and side areas of a vessel and encompasses any
components that can be attached to deck areas. The term "upper body
works" may also encompass any semi-controllable ballast zones that are
located on or contained within the deck areas and side areas. 30The term
"variable displacement" of a vessel as used herein refers to the volume of
a vessel that can be safely and reasonably flooded with water without any
danger to the passengers of the vessel.  
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-I'he term ..fully-controllable ballast compañment" as used herein relers to a

ballast comparhrent that ls desigl]ed to receive air purposefully injected ttnder pressule

and has a drrect. controllable connectiol.r to an air grid or- is connected to a ballast

compaftment that has a direct, controllable connection to an air grid; and includes the

main intemal ballast comparlments and any nraìn exteural ballast conrpatltnents, but

excludes the tritn ballast col'npafiments.

The ter.rn..fuel cell" as used her-ein refers to any containel reasor.rably capable of

holding luel.

The term ,.hydraulic accumuìatQr" as used herein refers to any container that holds

fluid and provides fluid to the hydraulic system, but does not receive additlonal fluid until

the pressure of the hydraulic system drops below a cefain thresl-rold, at which point

additional fluid is provided to'the liydraLrlic accurnLtlator.

The ter¡.r "hydrostatic lifl" as used herein, consistent with its usual tleaning in the

art, refprs to the buoyant force of wate¡ puslring up on. a vessel while it is sitting at test.

'Ihe ter,rn l'main trallast systerR'r as,used heÍein refers to tlle rnaìn intemal ballast

colnpadÌnents and the main extemal ballast compaÍments, if ârìy

The term "neutral buoyancy" as lrsed herein, cot-tsistent with its usual meanir.rg in

the att, refers to the condition where the force ofgravity and the f'orce ofbttoyancy acting

on a vessel are equal, meaning tbat the vessel neither rises nor sinks in the water.

The tenn "passenger col.npafimerlt" as used herein refers to a component ola

vessel that is safe for human passengers to occupy durìng opetation of the vessel

The terrn "purpose-confrgurable" as used herein means able to be modified'

ananged, or recouftgured for a parlicular mission or pì-llpose, sr:ch as by teuoving

and replacing rentovable cor.ìlpone ts, for example, by unbolting compotleuts hom a

subrnarjne and altaching other con-tponents to the submarine lvithout requiting

extensive redesign of the vessel, and also irtclLrdes being capable of open desigrr'

'fhe term "seakeeping" as used herein, consistent with its ttsual meanìng in the att,

means a vessel's ability to enclure rough conditious at sea sucli as high wind. lalge waves

and heavy rain; and to navigate safely at sea for prolonged periods during stomy weather.

The term "semi-controllable ballast zone" as usecl helein refers to any zone 0r

compartnle|t of a vessel whieh is at least partially opeu to the environment, completely

fills with water when the vessel is submerged, ald water lreely drains by action of

15

20

25

30

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 underwater operation' as used herein refers to submarines and
submersibles. Vessel Overview Typical small vessels capable of
underwater operation are preconfigured and built 10 as a single unit. The
passenger compartment is usually the main body of the vessel such that
any alteration to the vessel affects the passenger compartment. Thus,
every change must be analyzed for possible effects on the crucial
passenger-housing function.       The vessel of the subject invention is
designed to be easily reconfigured, making mass production reasonable.
Many prefabricated, common, off-the-shelf components are 15
incorporated into the vessel, pfoviding a modular, purpose-configurable,
open design. This allows each vessel produced to be customized to be
better suited for the desired purpose. The vessel can be used for nearly
any seafaring purpose, such as recreational use, military use, or industrial
use, such as by oil companies.               In many embodiments, the
present invention comprises primary assemblies, 20component grids, and
submersion pods.       In many embodiments, the vessel includes a central
framework 8 primary assembly which comprises a skeleton of material
with pre-formed hard attachment points. In certain embodiments, the
skeleton May be made of metal, composite material, or a combination of
both. In certain embodiments, the pre-formed hard attachment points are
25 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.
30In 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. 
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gravify, without the assistance of mechanically injected air, when the vessel is on the

surface of the water.

The tenn "snbnrarine" as used herein refers to an autonomous vessel, capable of

moving forward and changing dilections under water, capable ofnavigation on the high

seas, witl.r seakeeping capabiìities, ancl capable of safely operating under water rvith

human passengers.

The term "submersible" as used herein refels to a vessel or vehicle. capable of

safely taking hurnan passengers below the surface of the r.vater and safely retnrning the

passengers to ihe surface. Aìl sLrbmarines are submersibles, but no1 all subnersibles are

submarines.

T'he term "surface displacement" as used herein, consistent with its usual meaning

in the ar1, tefers to the voÌume of water that is dìsplaced by a vessel durìng surlace

operation.

'I he teun "surface navigation" as used herein. consistent with ìts usual meaning in

tlre zrl.refers to rnovrng andlor ehan.giug direetions during snrfaee operalion'

'1'he term "strface opeiation' as nsed herein, consistent r,i,ith its t¡srral nreaning in

the afi, refers to \¡,/he1l a vessel has approximately as mucb ol its volume above'the

'waterlìne as il is reasonably capable of having. For exan.rple. lor a typical large

snbrrarine, surface operation refe¡s to when enough of its vclurne is above the waterline

so ihat the hatch on top can be opene,J and passengers and/or supplies can be Irrought on

or o ff.

The term "surface vessel" as nsed helein, cor.lsistent with its usual meaning in the

art, refers to any vessel that is rypically intended for surface operation and is not typically

infended for undelwater operatiou, and includes, but is not limited to, vessels such as

speed boats, oil tankers, yacbts. cluise ships- and tugboats.

'Ihe ternr "r4rpel botìy lvorks" as usecl helein relers to declc areas and side areas of

a vessel and encon.lpasses any col.nponents that can be attached to deck areas. The ten.n

"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 displacernent" of a vessel as used herein refers to the volume

ofa vessei that can be safèly ald reasonably flooded with water without an¡t danger to ths

passengers o f the vessel.

30

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. In many cases it permits
changes to the vessel without affecting the passenger compartment 1.
The primary assemblies of the vessel of the present invention are
interchangeable and come in different designs, which may be chosen
according to what is desired. In 5 many embodiments, the primary
assemblies are large vessel sections specifically fabricated for the
construction of the vessel of the subject invention. The primary
assemblies mount to each other, or, if present, to the central framework 8
on pre-set attachment points. Among the primary assemblies that may be
used on the vessel of the present 10 invention are the passenger
compartment 1, the upper body works 37, the surface hull 42, the surface
engine compartment 20, the side tanks 15, and the main internal ballast 2.
Each of these primary assemblies attach to each other or to an optional
central framework 8 primary assembly. One of the advantages of the
subject invention is that any of the primary assemblies may be replaced
without substantially affecting or having to rebuild . 15 the other
assemblies. In this respect the subject invention is a modular submarine.'
In *certain embodiments, the vessel comprises a planing-type speedboat
hull to allow for higher speeds. This surface hull 42 can be changed out
with a slower but more efficient displacement-type hull that is used in
other embodiments. The vessel comprises a passenger compartment 1,
which houses passengers and 20 pilots. In many embodiments, the
passenger compartment 1 attaches to a central framework 8 primary
assembly via a series of lateral rings that each bolt to pre-set hard points
on the central framework 8. In other embodiments, 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 25 1 is the most buoyant
portion of the vessel while the vessel is 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 30is 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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-fhe tern "varjable displacernent fr-rel cell" as used hereìn refers lo a fuel cell

which is capable olhaving a changing volnme as luel is lrsed fron'r the cell

The term "vessel" as usecl herein refèrs to a craft designed tòr navigation on water'

or uÍìder water.

The term "vessel capable of undelater operation" as used herein refers to

submarines and submersibles.

Vessel Overview

Tlpicaì small vessels capable ofunderwaler operation are preconfigured and built

as a sirlgle unit The passenger colnparlmeìlt is usually the main bod;r of the vessel such

that any alteration to the vessel affects the passenger compaltment. Thus, every change

must be analyzed for possible effects ou the crucial passengerJrousing function.

The vessel ofthe subject invention is ciesigned to be easily reconfigured, making

mass production reasonable. Many prefabricated, courmon, off-the-shelfcomponenrs are

incorporated into the vessel, pioviding a urodnlar, putpose-conftgnrable, open design.

This allows each vessel produced to be custolnized to be better suited for the desired

purpose. The vessel can be used for nearly any seafaring pulpose, such as recreational

use, r.r.rilitary use, or industnal use, sttch as by oil companies.

In many ernbodiments, the present invention comprises prirnary assemblies,

component grids, and submersion pods.

1:r many embodiments, the vessel includes a centl al framework 8 prirnary

assernbly which con'rprises a skeletolt of material with pl'e-formed hard attachment points.

In cerlain ernbodiments, the skeleton rlay be nrade of Dretal, composite ttratedal, or a

combination of both. In certain embodiments, the pr e-fonned har-d attachlllent points ale

reinforced holes for bolts. The skeleton uray be formed fiom l-beams o| box tubing.

Different vessels mayuse diflerent skeletotr shapes. In an eml:odiment, the skeletoll is in

the shape ofa rectangular box with triangular bracing as needed to withstand the sfiesses

of surface tlavel and wave actior]. in certain el.Ibodimeuts, the central framework 8

comprises acldjtional structural sì-lppods extending down into the keel.

In nrany embodiments, the passeuger con'ìparlnent I is an attached assemblythat

attacl.ìes to the central frar¡ewor.k 8, to the surface hull 42, or to the upperbody works 37.

'Ihis provides an advantage over typical small vessels capable of underwater operation,

30

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 compartment 20 is aft o f the passenger
compartment 1. The surface engine compartment 20 protects the surface
engines 31 and 5other components when the vessel is submerged under
water at depth.       In many embodiments, the surface hull 42 attaches to
the lower half of a central framework 8 and to a keel extension. The
surface hull 42 allows the vessel to function as a regular surface transport
vessel while on the 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 air tanks (13, 14, 33) are also housed in the surface hull 42.
The main internal ballast assembly 2 typically comprises a series of
ballast water compartments. In many embodiments,  these ballast water
compartments are housed within the surface hull 42. The side tanks 15
typically extend to either side of the surface hull 42. In many
embodiments, the side tanks 15 house the main external ballast
15compartments 7 and trim ballast compartments 3. The side tanks 15
can serve to add buoyancy to the vessel both on the surface of the water
andwhen submerged under water.       Iii many embodiments, the Primary
assemblies house the mechanical equipment, air storage, electrical
storage, fuel storage, and other components that help the vessel function.
Many different components may be included in the vessel of the present
20 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 25 electric system. The majority of the components of the
vessel are off-the-shelf stock marine components or standard submarine
parts. Some of the parts, such as the ballast compartments, are
custom-made.       In many embodiments, the components of the vessel
are arranged into systems, which are connected by grids. The grid
systems may include the high-pressure air storage 30 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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minimizing the effects or-r the passenger compaÍnlent I ofchanges lo the vessel. h nrany

cases it permits changes to the vessel without alÍècting the passenger compaflment l
The pnrnary assemblies ofthe vessel ofthe present invention are interchangeable

and come in diflerent designs, which may be chosen accorcling to what is desired. i¡
many embodiments, the prirnary assemblies are large vessel sections specifically

fabricated fol the construction of the vessel of the subject invention. The primaly

assemblies mount to each other, or, if present, to the cenh'al framework I on pre-set

attacl.ìment points.

Among the primary assernblies that may be used on the vessel of tlie present

invention are the passenger compaÍment l, the upper body works 37, the suriace hull42,

the surface engine compartrnent 20, the side tanks 15, and the main intemal ballast 2.

Eaclt of these primary assemt--lies attach to each otlìer ol to an optional central framework

8 prirnary assembly. One of the advantages of the subject invention is that any of the

primar¡r àssemblies n'ray be replaced without substantialiy affecting ol baving to reilrild

the other âssemblies. In this respect the subject invention is a modular subm¿rinr:,'ln

certain embodiments, the vessei comprises a planìng-type speedboat hull io allorv fo¡

higher speeds. This suriace hull 42 can be changed out with â slower btìl n.rore eftìcielt

Ci splacement-type hull that ìs used in other embodiments.

'Ihe vessel comprises a passenger compartmenl 1, which houses passengers and

pilots. I1r ruany embodiments, the passe gel conpartnlent I attaclies to â cenitâl

liamework 8 prinary assembly via a series of lateral rir.rgs that each bolt to pre-set hard

points on the central franework 8. In other emboclinents, the passenger compartment 1

aftaclres directly to the surface hull prirnary assembly 42 or to the upper body works

primary assembly 37, or lo boih. Since in most emboditnents the passenger cou.ìpâl1Ìnerrt

1 is lhe most buoyant portion of the vessel while tl, e vessel is under water', a large portion

of the vessel's weight typically hangs tom lhe passenger compartmeÌlt l. In certain

embodiments, the passenger comparhnent 1 includes an air conclitioner 56.

The upper body wor-ks 37 snnonncls at least the rnajority of the lower half of the

passenger compartnìent I in many embodirnents. The design ofthe upper bodyworks 37

is variable and may inclnde courponents such as recreational decks, payload space,

weapons mounts 53, wells 54, and manipulatol arms 55. In many embodin.renLs, the upper
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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 under water must account for the
reality that components may be damaged by pressure or water intrusion
at depth. In many embodiments of the 5 present invention, the passenger
compartment 1 and the surface engine compartment 20 offer inherent
protection to the components enclosed inside. Other vessel components
are either inherently capable of withstanding pressure and water at depth,
such as the air tanks (13, 14, 33) and fuel cells 17, or they must be
protected. In many embodiments, direct air compensation is used to
protect components of  10 the vessel at depth. Internal air pressure is
directly added to the components to create a pressure differential of
nearly 0 psi between the interior and exterior of the components. In other
embodiments, submersion pods are used to protect components of the
vessel at depth. Submersion pods are individual enclosures that house
the components and resist the outside pressure. An ambient pressure pod
that is connected to the ambient-pressure  15 air compensation grid is an
example of a submersion pod that may be used. A pressure hull pod is
another example of a submersion pod that maybe used. A pressure hull
pod is built air tight and to resist the pressures of great depth under water
through its construction, without air compensation. Submersion pods may
serve as interchangeable modules that hold banks of components or
stores of consumables in various  20 embodiments. Many embodiments
comprise battery bank pods which house batteries connected in series
and can be changed out for other battery bank pods by disconnecting
them from the electrical grid connection.       In many embodiments, the
vessel of the present invention is relatively small in size, often less than
50 feet in length. In certain embodiments, the length of the vessel is
25less than 35 feet. In a 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.       In many embodiments, the width of the vessel is
less than 20 feet. In a further embodiment, the width of the vessel is less
than 10 feet.              In many embodiments, the height of the vessel is
less than 10 feet. In a further 30embodiment, 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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body works 37 houses ballast system componeuts including the stability tanks 4 and a

scmi-contro llab le ballast zone.

h many embodiments, the surface engine compaúment 20 is alt of the passellgel

cotrpafit].ìent 1. The sur-face etrgine contpatlment 20 protects the surlace engiues 31 and

othel cotnponents when the vessel is submerged under water at depth

In many embodiments, the surface hull 42 attaches to the lorver hallof a central

fi-antework 8 and 1o a keel extension. The sulface hull 42 allows the vessel to function as

a regular surface transpoú vessel while on the surface of the watet. Tl.re sulface hull 42

ollen houses the main intemal ballast assembly 2. In an embodiment, the fuel cells 17

and/or air tanks (13, 14,33) are also housed in the surface hull 42

The main intemal ballast assembly 2 typicatly comprises a series of ballast water

compaltmeuts, ln many embodin.rents, these ballast water coÍLpartnents are housed

witl.rin the sr-rrflac e]rl'tll42. The side tanks 15 typically extend to eithel side of the srtrface

hull 42. In many embodiments, tl.ìe side tanks 15 house the main exten]al balÌast

compaltments 7 and trim ballast cornpartments 3. The sìde tanks 15 can serve to add

buoyaucy to the vessel both on the surf,ace of the water and.when subnrerged undel water.

. ln nrany embo<liments, the þrimary assen-rblies house the mechanical equipment,

air storage, electrical storage, fuel storage, and other componeuts that help the vessel

fru.rction. Many different components may be included in the vessel of the plesent

inventiol.r. In rnany embodin]ents, tlle vessel comprises at least one ballast compartnent,

at least one surface engine, at least one fuel cell, at least one altemator, at least one

battery, at least one subsnrface motor and thruster, at least oue air compressor, at least

one air storage tank, and controls for a pilot to operate the vessel. In certain embodiments,

rhe vessel aclclitionally con.rprises a hydraulic system for powel clistriblrtion as well as the

electric system. The rnajority of the cornponents of re vessel are off-the-shelf stock

marine components or standard submarine palts. Some of the parts, such as the ballast

contpartments, are cLtstom-made.

In many embodiments, the components of the vessel are atranged into systelns,

which are connected by grids. The grid systerns may include the high-pressure air storage

grid, the ernergency air grid, the low-pressure primary air grid, the ambient-pressure air

co¡lpensatiot.t grid, the oxygen grid, the main ballast water grid, the triÛr ballast water

grid, the electrical gr.id, the hydraulic grid, and the fuel grid. Each grid systern cotnprises

conltectors that allow compolìents and cotnponent pods to be added to or removed from
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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 while exposed to water to those that fully enclose passengers in a
protective one-atmosphere dry environment. As a vessel dives under
water, the ambient pressure of the water rises and begins to crush the
vessel. To combat this, the passenger compartment can be maintained
near the ambient pressure of the water, or the passenger compartment
can 10be made strong enough to resist the pressure from the water at
depth.       A vessel can maintain ambient pressure by allowing the
compartments to fill with water. Wet hull submarines have passenger
compartments full of water. These are often not very useful since it is
dangerous for passengers to be exposed to the water at depth. Cold
climates and high pressures preventwet hull submarines from being able
to go very - 15deep under water. Additionally, oxygen needs to be
delivered directly to the passengers instead of just to the passenger
compartment.       A vessel can also maintain ambient pressure by using
compressed gas within the vessel compartments. One way to make use
of this type of passenger compartment is to have an opening at or near
the bottorn of the passenger compartment. As the vessel goes 20deeper
under water, water comes in through the opening and the air compresses
in the upper portion of the passenger compartment.       An ambient
pressure dry.hull is a type of passenger compartment that maintains
ambient pressure at depth. The passenger compartment is sealed with a
dry interior, and a gauge is used to determine the ambient pressure of the
water. Air is added to the dry 25 compartment until the pressure equals
that of the exterior water. A check valve is used to 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 



l0

38

the vessel easily. The connectors connect to eacl.r component or component pod, zurd they

make repairs and upgrades to the vessel ìnuch easier.

Any vessel that opefates Lrnder water must âccount lor the reality that conlponents

may be damaged by pressure ol'water int¡usion at depth. In many embodin.rents of the

present invention, the passenger comparhnent I and the surface engine compadment 20

offer inherent protection to the components enclosed ìnside. Other vessel components are

either inherently capable of withstandìng pressure alld water at depth, such as the air

tanks (13, 14, 33) and fuel cells 17, or they must be plotected.

ln urany en,bodûnents, direct air compensation is used to protect components of

the vessel ai depth. Intemal air pressule ìs directly added to the coÌnponents to create a

pressure differe.ntial ofnearly 0 psi between the ìnterior and exteriol'ofthe cornponents.

In other embodiments, subrnersion pods are used to protect compol.ìents of the vessel at

depth. Submersion pods are individual enclosu¡es th¿rt house the components and resist

the outside pressure. An ambient pressrue pod that is connected lo the ambient-pressurc

air compensation gric{ is ¿n example of a submersion pod that may be used. A pressnre

hull pod is anothel exanple ofa submersion pod thal r.naybe used. A pressrue hull pod is

built air- tight and Lo resist the pressules of $eat depth under water through its

construction. withoul ail compensation. Submersion pods may serve as interchangeable

modules that hold banks of components or stores of consumables in various

etnboclitteuts. Many enrboclimer-rts complise battely bank pods which house batter-ies

connected in series and can be changed out for other battery bank pods by clisconnecting

them lror¡ the electrical gljd connectiorì.

In many er.r.rbodiments, the vessel of the present invention is relatìvely small in

size, often less than 50 feet in length, Ilr ceúain enrbodiments, the length of lhc vessel is

less than 35 feet. ìn a flrrther embodiment, thelength of the vessel rs less than 20 feet. h.r

yet a furlhel er.rbodinrent, the length of the vessel is less than 10 feet.

In many embodiments, the width of the vessel is less than 20 feet. In a fi-rrther

embodiment, the v/ldth of the vessel is less than 10 fleet.

In many embodiments, the height ofthe vessel is less than 10 feet. In a fi¡rther

embodiment, the height of the vessel is less than 6 feet.

In many enibodiments, the vessel has a dry weight ofbetween aboLrt 2,500 por"rnds

and aboìit 60,000 porurds. In a further en.rbodiment, the vessel has a dry weight of
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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 any of the passengers.  40
A pressure hull is built of strong materials and o f a proper shapeto
withstand high forces without compressing. The interior of a pressure hull
is maintained at one atmosphere, even at depth. Pressure hulls are
usually cylindrical or spherical, and the time of construction and cost of
vessels using pressure hulls are typically higher than those 5using other
types of passenger compartments       The subject invention has a
passenger compartment 1 which houses the controls for the pilot and
provides space for passengers to occupy during a dive. The passenger
compartment 1 may optionally host other supplies, such as scrubber
material and pure oxygen bottles. 10In embodiments of the invention, the
passenger compartment 1 runs longitudinally along the top of the vessel
and is attached to a series of hard points on the . central. framework 8, on
the surface hull 42, or on the upper body works 37 assembly, or on a
combination of them. The passenger compartment 1 may be mounted at
different points to allow it to be raised, lowered, moved forward, or moved
rearward in different 1-5 embodiments: This also allows for additional
adjustments to payload carrying capacity-- beyond that gained by side
tank or surface hull setup. These changes can be utilized to provide more
or less stability to the vessel both surfaced and submerged in water. To
accomplish this, the height of the passenger compartment 1 may be
adjusted to move the vessel's center of gravity or the vessel's center of
buoyancy as desired to stiffen or loosen 20the vessel.        In many
embodiments of the vessel, the passenger compartment 1 mounts to
another assembly via a series of bands on the outside of the passenger
compartment 1. In an embodiment, the bands are metal. In an alternative
embodiment, the bands are composite material such as carbon fiber. In a
further alternative embodiment, some 25bands are metal and others are
composite material.        In many embodiments, the passenger
compartment 1 contains the largest portion of the vessel's fixed
displacement. The passenger compartment 1 comprises from about 40%
to about 60% of the total volume of submerged fixed displacement of the
vessel. In an embodiment, about 50% of the total volume of submerged
fixed displacement is 30provided by the passenger compartment 1       In
embodiments of the subject invention, the passenger compartment 1 is
located forward of the surface engine compartment 20. This forward
location helps to offset the surface engine compartment's buoyancy
during a dive for the purpose of maintaining the 
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between about 2,500 porurcls and about 30,000 pounds. ln yet a lurlher embodiuent, the

vessel lras a dry weight of between about 2,500 porttrds and about 15.000 pounds'

PAqlC11CgIlgl4paltmen!

Passenger compafirnents in submarines range from tl.rose that just provide a place

to sit while exposed to water to those that fully enclose passengels in a pr-otective one-

atmosphere dry environment. As a vessel dives under water:, the ambient pressure of the

watel rìses alrd begins to cutsh the vessel. To combat this, the passengel compafiment can

be maintained near the ambient pressure of the water, or the passenger col'Ì1parlment can

be made sttong enough to resist the plessure fì'ol.l.l the water at depth.

A vessel can maintain ambient pressure by allowing the cornparlments to fill witl-r

water. Wet hull submarines have passel'Lger compartments full of water. 'fhese are often

not very useful since it is tlangerous fol passeugers to be exposed to the watel at depth.

Cold c.limates and high pressu-es prevent,wet 11u11 submarines fi'om being able to go very

deep under water. Additionally, oxygen needs to be delivered directly to the passengers

instead ofjust to the passenget compartment.

A vessel can also maintaiu ambient pressute by using compressed gas within the

vessel compartments. One way to make use of this type of passenget compaÍment ìs to

have an opening at or near the bottom of the passellger compadment. As the vessel goes

deeper under water, Vvater comes in through the opening and the air compresses in the

uppel por:tion of the passenger compadment

An ambient pressure dry.hull is a type of passellger col.npârtment that mailltaìns

arnbient pressure at depth. The passetlget compar tnrent is sealed with a dry irferior, and a

gauge is used to cletennine tlie aurbient ptessllre of the water. Air is added to the dry

conlparhnent until the pressure equals that of the exterior water. A check valve is usecl to

release air as the VeSSel ascends tow d the surface and the arnbier.rt pressure decreases.

Any shape and reasonably gas{ight material can be used since the pressure on the interior

aud exterior.ofthe passenger compa[tment remains nearly equal. Ambient pressure dry

hulls are depth-limited by the amount of air they can calry and their battery power

reserues. They also have the inherent limitation that they must rise slowlywhen retnming

to tlÌe surface from being submerged at depth to avoid causiug an embolism o¡thebeuds

in any of the passengers.
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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 displaced by the surface engine
compartment 20 during a dive is about 75% of the 5total volume of fixed
displacement of the passenger compartment 1.       Any appropriate form
of passenger compartment may be used with the vessel of the present
invention. In an embodiment, a wet hull is used. In an alternative
embodiment, an ambient pressure dry hull is used. In a further alternative
embodiment, a pressure hull is used, such that the hull is constructed to
maintain one atmosphere of 0 pressure within the hull while the vessel is
submerged deep under water. Unlike exiting pressure hull submarines,
the pressure hull of the present invention is not the main body of the
vessel in many embodiments. Instead, the pressure hull is a component
or module that is attached to the central framework 8, or to another
assembly, allowing for a greater degree of flexibility in changing its
location relative to other components of the vessel. 15 The pressure hull
passenger compartment of the vessel may have any appropriate size and
shape, of which many are known to persons of ordinary skill in the art. In
an embodiment, the pressure hull is spherical. In an alternative
embodiment, the pressure hull is shaped as a cylinder with curved ends.
In many embodiments, the pressure hull passenger compartment is
shaped as a 20 cylinder with hemispherical ends. In certain embodiments,
the outside diameter may be in the range of about three feet to about 10
feet. In an embodiment, the outside diameter of the pressure hull is about
four feet. In certain embodiments, the length of the pressure hull may be
in the range of about six feet to about 24 feet. In certain embodiments, the
length of the pressure hull passenger compartment is in the range of
about 12 feet to 25about 18 feet. The pressure hull of the vessel is
scalable, and as larger or smaller versions of the vessel are constructed,
the pressure hull may be larger or smaller.       The pressure hull
passenger compartment may be constructed of steel, aluminum, titanium,
carbon fiber, acrylic, or other strong material known to be capable of
resisting the compressive force of water at depth, or any combination of
these materials. In certain 30 embodiments, the pressure hull comprises
viewing windows constructed of transparent material. In many
embodiments, viewing windows are constructed of acrylic. In an
embodiment, one hemispherical end of the pressure hull is acrylic. In a
further embodiment, both hemispherical ends of the pressure hull are
acrylic. In an alternative  embodiment, part or all of the cylindrical section
of the pressure hull is acrylic. In another embodiment, the entire pressure
hull is constructed of acrylic. 



10

40

A pressure hull is built ofstrong mâterials aud ofa proper sheLpe to u'ithstand hrgh

forces without compressrng. The interior ol a pressure hull is maintained at one

atmospliere. even at depth. Pressure hulls ar e usually cylinclrical or spherical. and the time

of construction ancl cost of vessels using pressure hulls are typically higher than those

using other types of passenger col-npartments.

Tlre sr-rbject invention has a passenger coÌnpartmeût 1 which houses the controls

fol the pilot and provides space for passengers to occupy during a ciive. The passenger

co1Ìpadment I may optionally host other supplies, such as sctubber material and pure

oxygen botrles

ln er.nbodinents of lhe invention, the pilssenger corlparlment I runs

longitudinaìly along the top ofthe vessel and is attached to a series ofhard points on the

cent¡al fiamework 8, on the surface hull 42, or on the uppet body works 37 assembly, or

on a combination of them. The passenger compartment 1 rnay be mounted at clifferent

points to aliow it to be raisecl, lowerecl, movetl Íi¡rrvarcl, or moved realward in different

ernbodimtnts. T'lris also allows f'or aclclitional adjustments to payload canying capacity

beyond that gained by side tank or surfàce l.rrll selr"rp. These changes can be utilized to

provide more or less stability to the vessel both surfaced and submerged in water. lo

accomplìsh this, tlre height of the passenger compadment 1 rnay be adjusted to move the

vessel's center ofgravily or the vessel's center ofbuoyancy as desired to stiffen or loosen

the vessel.

In many embodiments of the vessel, the passenger compartment 1 ruounts to

arrother assembly via a serìes ofbands on the outside ofthepassenger cornpartment 1. In

an embodiment, the bancls are metal. In an altemative embodirnent, the bands are

c:olnposite matelial sucìr as calbon fitrer'. lu a 1ìrther alternative embodiment, some

bands are metal and others are composite material.

In many er.nbodiments, the passengcr compartment 1 contains tì.re largest pofiion

ofthe vessel's fixed displacement. The passengel conlpaltment 1 corn¡rrises fror.n about

40% to about 60% ofthe total vohmre ofsubmerged fixed drsplacement ofthe vessel. h.r

an embodiment, about 50% of the total volume of submerged fixed displacement is

provided by the passenger compartment I.

In embocliments of the subject invention, the passenger cornpartment 1 is located

for-ward of the surface engine compartment 20. Ihis lolward location helps to offset the

surface engine comparlment's buoyancy during a clive for the purpose of n-raintaining the
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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 are joined together with
circular-shaped I-beams made of metal or carbon fiber with 0-ring gaskets
at the joints providing a gas-tight seal. The bands used to connect the
pressure hull passenger compartment to the central frame assembly are
located on the collars In some embodiments of the invention, the pressure
hull passenger compartment 10  uses an internal skeletal structure. M an
embodiment, the pressure hull comprises a series of upright
reinforcement rings made of circular-shaped metal or carbon fiber
I-beams and longitudinal support beams. The pressure hull is covered
with metal and acrylic sections.       In many embodiments, the pressure
hull passenger compartment is rated to a depth of at least 50 feet. In
certain embodiments, the pressure hull passenger 15  compartment is
rated to a depth of at least 200 feet. In a further embodiment, the pressure
hull passenger compartment is rated to a depth of at least 600 feet. In a
further 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. 20In
many embodiments, the passenger compartment 1 comprises a hatch 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 25  frame in 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 components. In an embodiment,
the pilot seating and control panel is located in the front of the passenger
compartment I. 30In an embodiment, the passenger compartment I
comprises luxury automobile- style interior. In certain embodiments, the
inside of the passenger compartment 1 also comprises a marine
sanitation device for toilet use. The passenger compartment 1 may also
comprise oxygen tanks and carbon dioxide scrubber material.  43       The
passenger compartment 1 connects to other systems of the vessel
through hull penetrations. In certain embodiments, the hull penetrations
are located in the lower third of the passenger compartment 1. Standard
submarine through-hull connectors, commonly known in the art, are used
for electrical, hydraulic, and air connectors. The 5 passenger
compartment 1 receives electrical power from the electrical system of the
vessel via the electrical connectors. The passenger compartment 1
connects to the oxygen grid of the vessel. The passenger compartment 1
also connects to an air grid for introduction of pressurized air. This allows
for pressurization of the compartment and can also serve as an alternative
life support source. In an embodiment, the passenger 
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trinr stability of the vessel. The volurne of water displaced by the surface engine

compartment 20 duriug a dive is sigr.rihcant relative to the totâl volnme of fixed

dtsplacement of the passenger compartn.ìelrt 1. h.r an embodin]ent, the total volume of

water clisplacecl by tl.ìe surface engine compartment 20 during a dive is about 75% of the

total volume of hxed displaceÍnent of tlle passenger compartn.ìent I

Any appropnate fonn of passenger compaúment n.ray be used with the vessel of

the present invention- in an embodrment, a wet hull is used. hl an altemative

embodiment, an ambieut pressure dry hull is used. In a furlhet altemative e rbodiment, a

pressure htrll is used, such that the bull is constructed to rnaintain one atrLosphere of

pressure within the hull while the vessel ìs subnerged deep utrder water. unlike existing

pressule hull submarines, the pressure hull ofthe present invention is not the main bocly

of the vessel in many ernbodirnents. Instead, the pressure hnll is a component or module

that is attached to the central framewolk 8, ol'to auothe| assenbly. allowing for a greater

degree olflexìbility in chalging its location relative to other components of the vessel,

Tliepressrre hull passenger comparttnent ofthe vessel may have any appropnate

size aud shape, of whicl-r many are known to persons of ordir.rary skill in the aÍ In an

embodir¡ent, tìre pressure hull is spherical. Ll an altemative ernÌrodil.nent, the plessllre

hu.ll is shaped as a cylitrder with curved enrls.

Iu many embo<liments, the pressure hull passenger colnpartment is shaped as a

cylincler with hemispherical ends. In certain ernbodiments, the outside diametet'may be

in the range of about thee feet to about 10 feet. In an embodiment, the outside diameter

of the pressnre hull is about for-Lr feet. In cerlain embodiments, the length oftlreptessme

hnll may be in the r.ange of about six feet to aboÛt 24 feet. In certain ernbodiments, the

length of the pfesslu.e hull passenger comparttnent is in the range ofabout 12 feet to

about 18 feet. The pressrue hull ofthe vessel is scalable, and as larger or smaller vetsious

of the vessel are constructed, the pressure hull n.ray be larger: or sllaller'

The pressure hull passenger cotlpartment may be constntcted of steel, ah:minum,

titanium, carbon fiber, acrylic, or other stlong material known to be capable of resisting

the compressive force of water at depth, or any combir.ration of these materials. In certain

ernbodiments, the pressure hull comprises viewing windows constructed of tfansparent

material. ln many embodiments, vìewing windows are constructed of acrylic. ln atl

embodiment, one hemispÌrerical end of the pressure hull is acrylic. In a further

embodinent, both hemispherical ends of the pressnre hull are acrylic. Irr an altemative
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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 the interior.       In certain
embodiments, the passenger compartment 1 comprises a dormant relief
valve that can open to the exterior environment. In an embodiment, the
dormant relief 15 valve is located in the bottom portion of the passenger
compartment 1 near the pilot's seat and opens to the free-flood zone in
the upper body works.37. The dormant relief valve will typically be open
while the vessel is operating on the surface of the water and will 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 20 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 hull 42 area. 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 25 compartment 1 from an air conditioning
system or other source. It additionally allows for a hatch to be closed
without a complete seal being made while the vessel is operating on the
surface of the water. Finally, the dormant relief valve may also allow for air
from an air grid, such as the low-pressure primary air grid, if present, or
the high-pressure air storage grid, to be introduced into the passenger
compartment 1 during a dive for certain 30ambient 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  44 operations of the vessel. A
semi-closed or open circuit breathing system may be used when the
vessel is submerged, at ambient pressure or one atmosphere. In the
event of a through-hull penetration or other hull failure that allows for
water ingress, ambient pressurization can slow the leak and prevent water
from rising above the height of the 5  penetration inside the passenger
compartment 1. Additionally, the vessel may be used to decompress
divers suffering from the bends. This is accomplished by placing the diver
in the pressure hull passenger compartment and taking the vessel to an
appropriate depth in the water, where the passenger compartment is then
pressunzed to ambient pressure. The vessel then surfaces over the
period of time appropriate for proper decompression. 10  In an
embodiment, the passenger compartment 1 is designed for use similar to
a diving bell. The passenger compartment comprises a hatch on the lower
portion of the compartment.       In many embodiments of the invention,
the ballast exhaust valves 26 are located within the pressure hull
passenger compartment. . This allows for the ballast exhaust valves 26 to
be closed manually in the event that hydraulic failure occurs while purging
the ballast.       In many embodiments, 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
I or can be isolated to being outside the passenger compartment 
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embodiment, part or alI of the cylindrical sectiol.t ol the pressure hull is acrylic. [n

another er¡bodiment, the entire pressure hull is constmcted of acrylic.

ln some embodiments of the ilrvention, the pressure hull passenger compartment

is divided into subsections mated together r,vitl'r collars. llr an embodiment. a series of

acrylic cylinders are joined togethet with circular-shaped l-bean.rs made of metal or

carbon hber with O-ring gaskets at thejoints providing a gas{ight seai, The bands Lrsed

to coru1ec1 the pressure l.rull passenger compaÍment to the central fiame assembly are

located on the collars.

In some embodiments of the invention, the pressute hull passenger compartïìleüt

uses an intemal skeletal stmcture. In an embodìment, the pressure hull comprises a series

ofupright reinforcement rings made ofcircular-shaped metal or carbon fiber I-beams alrd

longitudinal support beams. The pressure hull ìs covered witl.r metal and acrylic sections.

In many embodiments, the pressure hull passenger compartn.ìent is rated to a

deptli of at leasl. 50 feet. I¡ cefiain embodiments, lhe pressure hull passenger

compãrtmeDt is raled to a depth of al least 200 feet. In a fufher embocliment. the

pressLlre hull passenger coÛrpafiment is ratecl to a clepth ofat le¿st 600 feet. [n a further

embodirnent, the pressurc hull passenger compartment is r¿rted to a depth ofat least 1200

feet. ln yet a lufther embodiment, the pressure hull passenger compaÍment is rated to a

depth ofat least 1500 feet.

In many embodiments, the passenger cotl.ìparhnent 1 compdses a halch for

passengers to enter and exit the compartment. The hatch may also have a locking

mechallism. Any suitable hatch and hatch-locking mechanism may be usecl. ln an

embodiment, the hatch is hydraulically operated.

In embodiments of the invention, the passenger compaltnlent 1 conrprises a metal

frame in the inte¡ior which is used to môunt the internal components of the passenger

compaltment l The fi arne includes mounting points and conduits for pilot controls and

instrumentation, pilot and passenger seats, and other illterior cotLponents. In an

embodiment, the pilot seating and control panel is located in the front ofthe passenger

compafiment 1.

In an embodìment, the passenger compafment I comprises luxury automobile-

style ir.rterior. In certain embodiments, the inside olthe passenger compartment I also

comprises a marine sanitation devica for toilet use. The passenger cot'tìpartment I may

also comprise oxygen tanks and carbon dioxide scmbber material.

20

z5

30

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 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. 25In 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 aims fire in most embodiments due to its heavy construction and
shape. Many of the embodiments of the passenger compartment 1
described herein 30  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  45 weather. These life support systems also provide
additional safety in the event that the vessel sinks. If water gets in to the
passenger compartment 1 during a dive due to the partial failure of a
through-hull penetration, a sufficient air bubble can exist in the passenger
compartment 1 for survival of the passengers until resurfacing because
the 5 penetrations may be located in the lower third of the passenger
compartment 1. Additionally, the passenger compartment 1 typically has
no contact with the water while the vessel is on the surface which helps to
prevent swamping due to wave action while the hatch is open. 10Surface
Hull  .Typical small vessels capable of underwater operation have very
meager or non- existent navigation abilities on the surface of the water.
They usually rely on mother ships or barges to carry them to a dive site.
Such vessels that make use of a pressure hull typically have a very deep
draft when surfaced. Usually, only a hatch and top deck 
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The passengel compartt.ìterìt 1 conr.ìects to other syster.ìrs of the vessel tliror.rgh hulì

pe¡etrations. ln cerlajn elnbodintents, the hull penetratiol'ts are located in the lower lhird

of the passenger cot.npartment l. Standard submarine through-hull connectors,

commonly knorvn in tlre ar1, are used for electrical, hydraulic, and air connectors, The

passeng$ comparh.ìlent I receives electrical power from the electncal system of the

vessel via the electdcal cot]nectors. The passenger compafimel]t I connects to the

oxygen grid ofthe vessel. The passenger compafiment 1 also connects to an air gricl for

introduction ofpressurized air. This allows for pressurizatiot-t ofthe compartrnent and

can also serve as an altemative life support soutce. In an embodìmeut, the passenger

compaÍmeltt I comects 1o a low-pressure prirnary air grid'

In some embodiments of the invention, the passenger colnpaÍment I is clìmate

controlled via an air conditioning system in the interior'

In certain embodìnents, the passenget compartmet.rt I comprises a dollnallt relief

valve tl.rat can opeÍì to the exterior envjronment. In an embodiment, the domrant lelief

valve is located in the bottom portion ofthe passenger compaltment 1 near the pilot's seat

and opens to the free-flood zone in the upper body works 37. The dol'mant relief valve

will typically be open while the vessel is operating on the surface ofthe water and will

typically be closed durir.rg a dive. The valve may be opened during a dive for celtain

emergencies or during certain notmal circumstances if the passenger compafiment 1

opeÌ-ates as an ambient pressul'e hull. In an embodiment, the valve exhaust is located

below the bottom of the passenger compadment I within the surface hull 42 area. The

do¡mant reliefvalve may be usecl to relieve any paÍial vacnltm created within the sealed

passenger compaÍment, ensnring easy opening of a hatch. The dormant relief valve may

also setve as a drain for condensatìon water that may build up in the passengel

co¡rpar trnent 1 fionr an air conditioning system or other source. It aclclitionally allows for

a hatch to be closed without a cornplete seal beìng rnade whìle the vessel is operatir.rg on

the surface ofthe water. Finally, tìre donnant relief valvemayalso allow for air from an

air grid, such as the low-pressure primary air grid, if present, or the high-pressure air

storage grid, to be illtroduced into the passenger compârtment 1 during a dive lor certain

ambient pressure oPerations.

Thepassengercollpartment,sabilitytopressur.izefromtlrelow-pressureprimary

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

dornrant I elief valve, allows sevetal different life support tnocles and ambìent pressnre
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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 drag, which causes the vessel to lose
speed and requires large amounts of energy to moVe it forward. The
vessel of the present invention is the first vessel of relatively .small size to
be fully capable of 20underwater operation and robust surface navigation.
The subject invention includes a surface hull 42 which is in contact with
the water 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 25to 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 30cargo.
The surface hull 42 surrounds the surface engine compartment assembly
20 in many embodiments.  46       In certain embodiments, the surface hull
42 possesses a series of hull gates 18 that can be opened, allowing for
the displacement created by the hull to he lessened if the pilot so desires.
The use of a surface hull 42 helps create significant amounts of water 5
displacement while the vessel is on the surface of the water. This provides
lift and allows the vessel to have a very shallow draft like a typical surface
boat. Additionally, the surface hull 42 is the first line of defense against the
sinking of the vessel, having some characteristics similar to those of a
double-hulled surface vessel. In many embodiments, the surface hull 42
protects components within the vessel 10from most reasonable
waterborne threats when the vessel is on the surface of the water. 
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operations of the vessel. A semj-closed or open circuit breatJiing system may be used

rvhen tlre vessel is submerged, at ambient pressnre or one atmosphere. In the event ofa

through-hull penetration or other hull failure that allows for water ingress, arnbient

pressunzation can slow the leak and prevent water lrom rising above the height of the

penetration inside the passenger compafiment I . Additionalty, the vessel may be used to

decompress divers suffering from the bends. This is accomplished byplacing the diver in

the pressure hull passenger compartment and taking the vessel to an appropriate depth in

the water, where the passenger comparbnent is then pressunzed to ambìent pressure. The

vessel then sÙrfaces over the perio<l of trme appropriate for proper decompression.

in an embodirnent, the passenger compafiment 1 is rlesigned for use similar to a

diving bell. The passenger compaÍmeff comprises a hatch on the lower poÍion of the

coÍrpaltment.

In rnany embodiments ofthe invention, the ballast exhaust valves 26 are located

within the pressure hull passenger compaltmellt. This allows lor the ballast exhaust

valves ?6 to be closed mamrally in the event that hydraulic failure occurs wllile purging

the baÌlast.

ln many erebodinlenls, ali electrical cilcuits of high ampel'age and other systern

coürponents that could be harmful to the safèry of the passengers are located outside the

passenger compal1ment 1 or can 1¡e isolated to being outside the passenger compadment

1.

In an embodinent, the passenger comÞaltment 1 includes bilge pumps that can be

utilized to pru.np out any water in the compartment while on the surface. The water is

pulnped out by opening a valve that is normally closed to protect the bilge circuit and

passenger compartment 1 from pressure ol water ingress during a dive.

In an embodiment of the preselrl inventiolr, armor may be added to the outside of

ll.ìe passenger compârtment to provide enhanced protectiolr against bullets or other

weapons. The pressure hull passenger compaúnent is already resìstant to small ams fire

in n.rost embodiments dÌre to its heavy constmctiorl and shape.

Many of the embodiments of the passenger compartment 1 described herein

provide safety aclvântages over existing boats and submarines. The well-built pressuÌe

hull passenger compartment provides greater protection to passengers t'om wave action

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

can rnake use ofthe existing life supporl systenìs while surfaced, maliing it safer in bad
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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 invention. Different hull forms
can allow changes in overall surface buoyancy, underwater lifting
capability, surface speeds, sea-keeping performance, stability, and fuel
15efficiency. Any appropriate material or materials may be used to
construct the surface  hull, including aluminum, fiberglass, and composite
material.       Typical vessels capable of underwater operation usually use
a displacement hull. Additionally, many surface vessels use a form of
displacement hull. A displacement hull displaces water as the vessel
moves. Displacement hulls require a relatively low power- 20to-weightratio
and give high fuel economy.       In certain embodiments, a displacement
hull is used as the surface hull 42. Any existing displacement hull may be
used. In certain embodiments of the invention, a displacement hull with a
sharp bow, a substantially curved underside and stern, and a fairly
shallow draft is used. Examples of displacement hulls that may be used
include the 25standard ship-style mono-hull, a catamaran form hull, and a
trimaran form hull. In an embodiment, a Small Waterplane Area Twin-Hull
(SWATH) displacement hull is used.       Embodiments using a
displacement hull as the surface hull 42 may have smaller surface
engines 31 and a smaller surface engine compartment 20 due to a lower
horsepower requirement. 30Displacement 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  47 
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weather. These life suppoÍ systenls also provide additional safety in the event tì1at the

vessel sinl<s. If watet'gets in to the passenger compafin'ìent I during a dive due to the

parlial failure of a tl.rrough-hull penetration, a sufficient air bubble can exist in the

passenger compartment I for sur-vival of the passengers until resurfacing because the

penetrations may be located in the lower third of the passeuger colnpafment I

Arlditionally, the passenger compaÍment I typically has no contact with the lvater while

the vessel is on the snrface which l.relps to prevent swamping dne to wave action while

the l'ratch is open.

$q¡ laçq Hull

. Typical small vessels capable of underwater operation have very lneager or non-

existent navigation abilìties on the surface ofthe water. They ltsually rely on mother ships

ol balges to carry them to a dive site. Such vessels that make use of a plessul'e l.rull

typicalìy ìrave a very deep draft when sulfaced. Usually, only a hatch and top deck

plotrucles above the water. Surface na-vigation is essentia lly non-existent becarrse ofboth

the <ieep draft ancl the lack of sufficient power. The deep draft while surfaced reduces

visibility above the water ancl creates a huge amourt ofdrag, which causes the vessel to

lose speecl ancl requires large amomts of energy to môve it for-warcl. T1.re vessel of the

preseut inveúion is the hrst vessel of relatìvely .small size to be fully capable of

underwater operation and robust surface navigation.

The subject invention includes a snrface hull 42 which is in contact with the water

rvhile the vessel is operating on the surface. The surface hull 42 provides a significant

amount of displacement while on the srrface, fesulting in a shallow draft for the vessel

lilte atypical existing sr.rrface boat. In many embodir.nents, the sulface hull42 is n-rountetl

to tlle lower half of a central fl'amework 8. Iì fuÉher embodilnents, the sulface hull

connects directly to the passenger con'ìpafin'ìent I or to the ltpper body works 37 or botÌt

In embodi¡rents of tl-re invention, the surface hull 42 cornprises the tnain intental

ballast assernbly 2 and may also house vessel components such as air tanks (13, 14' 33) or

hrel cells 17. In cerlain embodiments, the surface hull 42 houses additional payload or

cargo. 'Ihe surface hull 42 sun-ounds the surface engine cornpartment assembly 20 ir.r

many embodin.rents.
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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 forces must be used.
Hydrodynamic lift, resulting from a vessel's motion can be used to surpass
the hull speed. 5  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 10  with a displacement hull. Planing
allows for significant increases in a vessel's speed. because the vessel is
no longer limited by its hull speed. Drag is also minimized since more of
thp vessel is lifted out of the water compared with a displacement hull.
Planing hulls allow vessels to achieve much greater speeds while
lowering the payload 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 planing hull with.a substantially flat underside, a curved bow, and a flat
transom 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 20  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. 25Typical vessels capable of underwater operation are
the wrong shape, too heavy, too large, sit far too low in the water 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. 30 Ballast System        The
vessel of the subject invention has a ballast system that allows it to
operate both when submerged and when on the surface of the water. The
ballast system  48 
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In certain embodiments, the snrface hull 42 possesses a series ofhull gates 18 that

can be opened, allowing for the displacement created by the hull to be lessened if the

pilot so desires.

The nse of a surface hull 42 helps create siglificant amounts of water

displacement while the vessel is on the surface ofthe water. Thìs provides hlt and allows

the vessel to have a very sl.rallow draft like a typical snrface boat. Additionally, the

surface hull 42 is the first line ofdefense against the sinking ofthe vessel, having some

characteristics similar to those of a double-l.rulled surface vessel.

In many embodinìents, the surface hull 42 protects components within the vessel

from most reasonable waterbome threats when the vessel is on the surfàce of the water,

Adrlitional 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 ofthe

present invention. Different hull forms can allow changes in overali surface buoyancy,

ttnderwater lifting capability, sur-la,:e speeds, sea-keeping perfonnance, stabilit-v--, and fuel

efltciency. Any appropriate nraterjal or materials may be useri to constnr(ìt the surfar:e

hull, inr:luding alurrinum, fiberglass, and composite material.

' Tlpical vessels ca-pable of nnderu ater operation usually use a displacement l.ull.

Additionally, many surface vessels use a f'orm of tlisplacemenf hull. A d.isplacement huil

displaces water as lhe vessel moves. Displacement hulls reqr-rire a relatively lo¡À/ power-

to-weight ratio and give high fìrel economy.

ln cerlaìn embodiments, a displacernent hull is used as the sul face hull 42. Any

existing displacement hull rnay be used. In cefiain embodiments of the invention, a

displacement hull with a sharp bow, a substantially curved underside and stem, and a

fairly shallow draft jsuseC. Examples of clisplacerlent hulls thatmaybeused include the

standard ship-style mono-hull, a catamaran fonn hu11, and a trimaran lòrm hull. [n an

embodinent, a Small Waterplane Area Twin-Hull (SWATH) displacernent hull is used.

Embodìments using a displacemer.rt l.rull as the surface liull 42 may have smaller

surface engines 31 and a smaller surface engine compartment 20 due to a lower

horsepower requirement.

Displacer.r.rent hull vessels are limite<Í jn their foruar-d speed by drag and the

length ofthe vessel. A ship ofa given length carmot go faster lhan its hull speed because

ofthe wave actiol that it creates as it nloves forward, and the wave action is deten¡ined
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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. Main Ballast System 5The main
ballast system is typically a staged system of fully-controllable ballast
compartments, or ballast tanks, that is used in normal conditions to allow
the vessel to surface and rise above the waterline, to submerge, and to
attain near-neutral buoyancy under the surface. The main ballast system
comprises at least one, but preferably a plurality of hull gates 18 on the
underside of the vessel. The hull gates 18 are ports that 10  can open to
allow water to enter or exit the system, and which can close water-tight to
seal the system from water entry. Water flows through the hull gates 18
from the effect of gravity or air pressure. The vessel may optionally
include a pump 19 or pump system to accelerate the flow of water through
the hull gates 18. Such pumps and pump systems are well known to
persons having ordinary skill in the art. ISIn many embodiments of the
invention, each hull gate 18 connects through a pump to the main internal
ballast 2. The main internal ballast 2 is often located entirely within the
surface hull 42 of the vessel and comprises one or more ballast
compartments. In an embodiment, the main internal ballast 2 comprises
four ballast compartments: two forward, and two aft, which fill
simultaneously under normal conditions. The ballast 20  compartments
are separated within the main internal ballast area by lateral -walls and
sealed with ballast liners 28. The ballast liners 28 provide a gas-tight seal
and may 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 maybe introduced into the compartment. In an
embodiment, each main internal ballast compartment is 25  sealed only
on the top and sides and is open on the bottom to a free-flooding
semi-controllable ballast zone in the lower part of the interior of the
surface hull 42, which fills via common hull gates 18. hi an alternative
embodiment, each main internal ballast compartment is completely sealed
on the bottom 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 30the
ballast compartments with water.       In an embodiment of the invention,
the main internal ballast compartments provide space for the location of
modular system components, which may be added or removed depending
on the desired configuration of the vessel. The compartments maybe  49
penetrated by gas-tight connectors to allow connection of the components
to the high-pressure air storage, low-pressure primary air, emergency air,
ambient-pressure air compensation, electric, hydraulic, and/or fuel grids.
In an embodiment, the air storage tanks (13, 14,33) are located within the
main internal ballast compartments. Additional modular components in
further embodiments can include battery bank pods, fuel cells 17, or any
other component that could be pressure compensated or enclosed in a
submersion pod, or that is inherently water-tight and pressure resistant.
In many embodiments of the invention, each main internal ballast
compartment connects to a corresponding main external ballast
compartment 7 through a pea trap 44. 
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by the length ofthe vessel. A displacernent ìtull vessel attempting to exceed its hullspeed

rvill pusli up on a bow wave.

ln orde¡ to achieve a speed higher than the hull speed, other forces must be ì"lsed.

Flydrodynamic lift, r-esultìng f|orn a vessel's ntotion can be used to surpass the hull speed.

Hydrodl'narlic lift cones fror¡ the tendency of a vessel lo rise ttp in the front when water

collects against the front of the boÞ, as it moves folward. with sufficient thrust fron the

engines and a propef hull design, a vessel calt achieve a significant enough amoturt of

hydrodynamic lift to ride Ûp on top of its owu bow wave and plane. Planing is similar to

skipping across the surface [ke a stone, as opposed to pushing through the surface, as

with a displacement hull. Planing allows for siglificant increases in a vessel's speed.

because the vessel is no longer limited by its hull speed. Drag is also r¡inimized since

more of thç vessel is lifted out of the water compared with a displacement hull'

Pla ing hulls allow vessels to achieve much greater speeds while lowering the

pavloatl cauacity and fuel el-fìcierrcy.

ln many embodiments, a planing hull is used as the sr"lrface hull 42 Any existing

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

with.a substantially flat unclerside, a curved bow, and a flat transoln is trsed. This planìng

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

In many embodinents, the vessel is capable of achieving surface operation at high

speeds, well over 20 miles per hour. In ceÍain embodirnents, the vessel is capable of

achieving speeds tluring surface operatiou of at least 30 r¡iles pet hour. ln other

ernbodirnents, the vessel is capable of achieving speeds,during surface operation ofat

least 40 rniles per hour. In further embodin-rent, the vessel is capable ofachieving speeds

clnring surface operalion of at least 6(l miles per hour.

Typical vessels capable of underwatel operatiolÌ ale the wrolg shape, too heavy,

too large, sit far too low iu the water when surfaced, and/or have too little power to

achieve any sigrifrcant arnount of hydrodyramic lift while on the surface of the water.

The present inventioli is the fìrst vessel incorpolating a pressure hull for unden¡¡ater'

operation that is also capable of using a planìng hull.

Ballast Svstem

The vessel ofthe subject invention has a ballast system that allows it to opelate

both when submerged and when on the sul face of the water. The ballast systern
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10Each pea trap 44 comprises a connective pipe that exits the main
internal ballast compartment at the top, arcing upward through the main
ballast valve 27, and downward  into the bottom of the main external
ballast compartment 7: The pea trap 44 forces the ballast to operate in
series, as a main internal ballast compartment must completely fill before
the water in it overflows into a main external ballaet compartment 7. 15In
certain embodimentS.of the inv en ti en, the main external ballast
comprises two  !external side tanks 15, located port and starboard, which
are each further divided into a forward and aft compartment. The main
external ballast compartments 7 are completely sealed on all sides. The
main externalhallast Conipartments 7 are preferably inherently water-tight
and gas-tight, but they may be lined with plastic ballast liners 28 for a gas-
20tight seal. In certain embodiments, the side tanks 15 may be attached
to the vessel with  only bolts,thereby facilitating interchangeability. The
size, material, compartment size,  and exact location of the side tanks 15
may vary depending on the configuration of the  .vessel. Each main
external ballast compartnient 7 connects to an exhaust valve 26 which 25
exits the tank through an exhaust port 21 that allows the tanks to vent off
air as the system fills with water. In certain embodiments, an exhaust fan
may be included inside the exhaust port 21 to accelerate the purging of air
from the system. Each main external ballast compartment 7 further
connects via a gas-tight connection to the air grids through which
pressure compensating air may be introduced into the compartment or
exhausted, 30  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.  50        In an alternative embodiment of the
invention, the side tanks 15 can be constructed as pressure vessels,
resistant to pressure and not requiring pressure compensation. 
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cor.ì.ìprises the main ballast systern, tl.re trnl ballast systelr-r, ancl semi-conh ollable ballast

zones that can be parlially controlled when the vessel is on the surtàce ol the lvater,

lv!41n $allast SvsterU

The main ballast system ìs typically a staged system of fully-controllable ballast

compafiments, or ballast tanks, that is useC in normal conditions to allow the '¡essel to

surface and rise above the waterline, to submerge, and to attain near-neutral buoyancy

,.mder the surface. The main ballast system coÍìprìses at least one, but preferabiy a

pluiality ofhull gates 18 on the underside of the vessel. Thehull gates 18 are ports that

c¿ìn open to allow water to enter or exit the system, and wl.rich can close water{ight to

seal the systenr from water entry. Water'flows through the hull gates 18 {ìom the effect

ofgravity or air pressure. The vessel n.ray optionally incltde apump 19 or pun.rp system

to accelerate the flow of water through the l.rull gates 18. Such purnps and puurp systems

are well knos'n to persons having ordrlary skill ;n the ar1.

ln many errborlìments of the invention" ,:ach hull gate 18 counects ihrougb a

pLunp tri the main iuternal ballast 2. The rlajrr iutemal ballast 2 is ofÌen localecl entirely

wjthin the surface hull 42 of the vessel z'utl comprises one or more hâllast ?ompartrnents.

ln an embodinrent, the main intemal ballasl. 2 comprises forLr ballast oor4)al linerls: i\À,o

fo,.*'ard, a¡d two aft. which fill simultaneously rnrler nonnal ccnditions. lhe ballast

cornpa:1lnents ale separated -wrthirr the main intenral l¡all¿¡st area by lateral walls and

sealed with ballast liners 28. The ballast lìners 28 provide a gas-tight seal and rnay be

macle of a dr.rrable plastic material. Each main intemal ballast corrparhnent is connected

by a gas-tight connection to the emergency air grid, through *'hicb air maybe introduced

into the comparlrnellt. ln an emdodi,rent. each r.narn ìnteural ballasl compartmerrt ìs

:;ealed only on the top and sides and is open on the botton to a free-flooding semi-

controllable ballast zone in the lower paú oí'the ir;f eric¡r' of the surface hull 42. which fì1ls

via common hull gates 18. In an altemative embodiment, each maìn internal ballast

compaftment is completely sealed on the bottorn and filled via its owrl hull gate l8 or

plurality ofhull gates 18. A pump l9 may optronally be nsed to accelerate the fillng of

the ballast compaftments with water.

ln an embodirre¡t of the invention, the maìn interral ballast compafiments

provide space for the location of modular system components, which may be added or

renoved depending on the desired conhgrLration ofthe vessel. The comparlments maybe

30

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 separately fills via its own hull gate 18
and purges via its own exhaust valve 26.       In a further alternative
embodiment, there are no external ballast compartments 7. Only internal
ballast is used, which can be designed to flood in series or
simultaneously. 10In further alternative embodiments, water-tight and
gas-tight structural boxes or airbags may be used in the internal or
external ballast compartments.       When embodiments of the vessel of
the present invention are operating on the surface of the water, the main
ballast system is fully or substantially purged of water and is sealed
against the intrusion of water. The hull gates 18 generally remain closed,
and all 15  ballast system valves remain closed. No air or water enters or
exits the system. The main ball ast.sys tem, however, may be used to
make adjustments to the trim rale craft through the addition of small
amounts of water via the hull gates 18, as needed.       In embodiments of
the invention, prior to the submersion of the vessel from above the surface
to below the surface, a pre-dive check should be performed. During the
pre- 90  dive check, the hull gates 18 are opened, but the exhaust valves
26 and the main ballast valves 27 remain closed. Water flows into the
main ballast compartments through the force of gravity, but cannot fill the
compartment because the air compresses inside until the force exerted by
the air pressure causes the water to stop entering the compartment. In an
embodiment of the present invention, during the nom-al submersion
process 95  wherein the vessel transitions from surface operation into
submarine operaticn, the main ballast system floods in series. Water is
allowed to enter the ballast system as the hull gates 18 remain open, and
both the main ballast valves 27 and exhaust valves 26 are opened,
allowing air to purge from the system. In alternative embodiments, the
vessel may comprise pumps and/or exhaust fans to accelerate the
process by pump induction of 30  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  5 
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penetrated by gas+ight connectors to allow coìrnection of the components to the high-

Þressure air storage, low-pressure plimary air, erneruency air, ambient-pressure air

compensation, electric, hydraulic, andlor fuel grids. In an embodiment, the aiÌ storage

tanks (13, 14, 33) are located within the main intemal ballast comparlments. Additional

modular cornponents in fufiher ernbodiments can include battery banì< pods, luel cells 17,

or any other component that could be pressure compensated or enclosed in a submersion

pod, or that is inherently water{ight and pressuì'e resistant.

. In many embodir¡ents of the invention, each main intemal ballast compartment

connects to a conesponding maín extemal ballast comparlment 7 thror.rgh apealrap 44.

Each pea trap 44 comprises a connective pipe that exits the rnain intemal lrallast

,compal1ment at the top, arcing upwar d througl.r tl.re main ballasl valve 27, and downward

into the bottom of the main external ballast compadment 7. The pea trap 44 forces the

ballast to operate in series, as a main intemal ballast comparlment must cornpletely frll

before the water in it overflows into a mai.n extenral ballaòt compartmeut 7.

ln certain e.mbodiments.of the invenliòn, the main extemal ballast cotnprises two

,extemal side tanks 15, located port ancl starboarcl, which al'e each fut1het'clivided into a

,forward and aft compartmerrt. Thé main extetrral ballast comparlments 7 are contpletely

sealed on all sides- The main extemal.ballast óonìpartrnents 7 are preferably ir.rherently

q¡ater-tight and gas-tight, but they may be lined with plastio ballast liners 28 for a gas-

tight seal. In certain embodiments, the side tanks l5 maybe attached to the vessel with

only bolts, thereby facilitating interchangeability. The size, tnaterial, compaltmeut size,

and exact location ofthe side tanks 15 rnay vary cleper.rding on the configuration ofthe

.vessel.

Each rnain extemalballast comparlment 7 connects to an exhaust valve 26 which

exits the tank through an exhaust port 21 that allows tl.re tanks to vent off air as the

syslem fills with water. in cefiain embodiments, an exhaust fan rnay be included inside

the exhanst port 21 to accelerate the purging of air fi'om tlie system. Each main extemal

ballast compa n,lent 7 furtlier connects via a gas-tight cohnection to the air grids through

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

or through which pressurìzed air n-ray be aclded to purge the tanks. A bilge pump or

plulality ofpurnps may optionally be included at the bottom ofthe main external ballast

compaftments 7 to rernove additional water as needed.
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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
compartments 7. The main external ballast compartments 7 5 continue to
fill until the vessel submerges and reaches near-neutral buoyancy. At the
point that near-neutral buoyancy is attained, the main ballast valves 27
and the exhaust valves 26 are closed, trapping a fixed volume of air in the
main external ballast compartments 7. Alternatively, in embodiments
wherein the internal and external ballast compartments are not connected,
the ballast floods in stages by the timed opening of hull 10 gates 18 and
valves. The main internal ballast compartments' hull gates 18 and exhaust
valves 26 are opened first and the compartments are completely filled.
The external compartments are then opened and filled until near-neutral
buoyancy is achieved, then closed. In certain embodiments, while the
vessel is submerged underwater, the hull gates 15 18 remain open to the
water. Neither the pump system nor the exhaust fan are active, if part of
the embodiment. The main internal ballast compartments remain
completely filled. The main ballast valves 27 remain shut; and the Water
to air volume ratio in the main external ballast compartments 7 remains
constant unless deliberately varied by the pilot operating the vessel. As
the vessel dives and the outside ambient pressure rises, air 20is added
via the air grid connection to the main external ballast co g 4 g necessary
to pressure compensate them. The ambient pressure compensation
maintains the strtictural integrity of these compartments at depth.
Although air is added as the depth increases; there is no change in the
volume of the air present in the compartment due to 1.compression. No
pressure compensation is required in the main internal ballast 2, as it
25remains completely filled with water.       In embodiments of the
invention, during the normal surfacing process, water is purged from the
system and air is added to the system in the reverse of the submersion
process. The hull gates 18 remain open to allow water to exit the system.
The main ballast valve 27 in the pea trap 44 arc is opened. Air is injected
into the main external 30 ballast compartments 7 via the air grid system
connector, pushing the water out via the pea trap 44 and into the main
internal ballast 2. The water flooding into the main internal ballast 2 from
the main external ballast compartments 7 in turn pushes the main internal
57 ballast 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 trap 44 of water and the main internal ballast water begins
to purge through the hull gates 18. In certain embodiments, pumps are
used to help expel water from the system. Once the main 5 internal ballast
2 is substantially purged of water and filled with air, the hull gates 18
close. Any remaining water is pumped out. Once the main ballast system
is fully purged of water, the main ballast valve 27 and exhaust valve 26
are closed and the system is again capped to the environment. 
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In an altematìve embodimenl of the invention, the side tanl<s l5 can be

constructed as pressure vessels, resistant to pressnre and nol requiting pressrtte

compensation.

in a further altemative embodin.rent of the inventìon, no connection exists

between the main intemal and main extemal ballast comparturet.rts 7. Instead, each

ballast comparlment separately fills via its own hull gate l8 and purges via its own

exhaust valve 26.

In a further altemative embodiment, there are no extemal bailast compafllnents 7.

Only ìr.rtemal ballast is used, which can be designed to flood ir.r series or simultaneously.

In fufiher alteniative embodimerts, water-tight ar.rd gas-tight structLual boxes or

airbags may be used in the intemal or extemal ballast compaftments.

' When ernbodimer.rts of the vessel of the present invention are operating on the

surface ofthe water, the nain ballast system is ful1y or substantially purged of water and

is sealed against the intmsion of water . 'fhe hnll gzrtes I 8 getretall-v rerrai;r tlosed, ancl all

ballast system val',¡es renla.in clLrsed. No air or wafer enters or exit-c lhe syslem. The mail

i'rallast systerl, however, may be used lo rnake adjùstnìelìts to the tr:Lur o itite clafi through

the additior, of snlall anlounts of water vja the ilrll gates 18, as ncederl.

In embodinrents ofthe invention, prior tc. the submersion cithe vessel from above

the surl¿ce to belov' the sul'1àce, a pre-dir.e check should oe perfot'nrcd. f)utirrg lhe pie-

dive check, the hull gates 1E are opened, but the erhanst val'r,es 26 ald i,he majn ballast

valves 27 re:nain closed. Water flows ìnto the r¡ain batlast colrpaÉments through the

force ofgravity, but ùanÍìot fill the cornpaltn.rent because the air compresses inside Lurtil

the force exeded by the air pressure causes the watel to stop eütering the cornpartntent.

hr an embodilnent ofthe preseut invention. dudng the norn'al srtbmersion process

wherein the vessel transitions frorr, sr'rfàce operation inlo sribmarine operaticn, the matn

ballast system floods in ser:ies. Water is allowed to enter the bzrllast system as the hull

gates 18 remain open, and both the main ballast valves 27 and exhaust valves 26 are

opened, allowìng air to purge lrom the system. In altemative embodiments, the vessel

may comprise pumps and/or exhaust fâns to accelerate the process by pun-rp induction of

water or exhaust fan purging of air. Water flows in through the hull gates 18 (and, if

present, through a prunp system), and into the intemal ballast con.rpartmeuts. As the main

intenial ballast compartmeïìts fill, the ail escapes though the pea tr'âps 44, through the

open rnain ballast valves 27, into the main extemal ballast compafin-Leuts 7, and out
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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 or 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
compartments 7, within 15 each side tank 15. Two additional trim ballast
system compartments are located aft on the upper body works 37 portion
of the vessel, one port and one starboard. In an embodiment, at least two
trim ballast compartments 3 are located within each side tank 15. In many
embodiments, the trim ballast corimartrrients include stability tanks 4 The
size and material of the stability tanks 4 may vary depending on the
configuration of the 20 vessel. Larger stability tanks 4 can be used to add
stability during the submersion process in the event that heavier loads are
contemplated to be carried on the upper portion of the vessel. Larger
stability tanks 48 may also be used with increased payload.       In many
embodiments, the stability tanks 4 help stabilize the vessel as it transitions
from the surface of the water to a submerged state. As the vessel sinks,
and its 25 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 30 constructed to be water-tight and
gas-tight. In alternative embodiments, the trim ballast system
compartments 3 may be lined with durable plastic ballast liners 28 to
provide a gas-tight seal.  53       In an embodiment of the present
invention, each trim ballast tank connects to a pump (or plurality of
pumps) and valve system that draws water from a semi-controllable
ballast zone 9. Water may be added to each compartment or removed as
desired by the operation of the pump system. Each trim ballast
compartment 3 is further connected via a 5 gas-tight connection to the air
grids, through which air may be introduced into the compartment or
exhausted as needed to pressure compensate the tank or to force water
out of the compartments.       In embodiments of the invention, during
submersion of the vessel, the trim ballast system can be used to achieve
absolute trim and neutral buoyancy after the main ballast 10 system is
used to reach near-neutral buoyancy. While the vessel is completely
submerged, the trim ballast system compartments 3, are varied in their
water-to-air volume ratio as needed through the addition or removal of
water from the pumps, and the addition or removal of air from the air grid.
This process is controlled by the pilot of the vessel to adjust the trim and
neutral buoyancy of the vessel as desired. Each trim ballast 15 system
compartment 3 operates independently of the others to allow lull
adjustment of trim. As the vessel dives and the outside ambient pressure
rises, air is added to the trim ballast components 3 as necessary to
pressure compensate them via the air grid connectipn. 
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through the open exh¿rust valves 26 and exhâì-Lst porls 21. Oncethemain internal ballast

compaftments are completely lìlled with water and purged of air, the water flows through

the arc ofeach p ea frap 44. through the mai| ballast vaive 27, and into the bottom of tl.re

main external ballast comparlnents 7. The main extemal ballast compartments 7

continue to fill until the vessel submerges and reaches .near-neutral buoyarcy. At the

point that near-Ìreutral buoyancy is attained, the main ballast valves 27 and the exhaust

valves 26 are closed, trapping a fixed volume of air in the main extel¡al ballast

compartments 7. Altematively, in emboditnents wherein the intemal and exten.ral ballast

contparhnents are lrot connscted, the ballast floods in stages by the timed opening ofhull

gates 18 and valves. The main intemal ballast compartments' hull gates l8 and exhaust

valves 26 are opened frrst and the compartments are completely filled. 'fhe extenral

compartrnents are then opened and frlled until near-lleutral buoyancy is achieved, then

closed.

In certain embodir¡ents, while tbe vessel is subrnerged underwater, the hull gates

18 remain open to the water- Neither the pump systen.ì nor the exhaust fan are active, if

parl of the enrbodiri.rent. The main intenral ballast compârtnlelìts remain corttpletely

filled. The main ballast valves 27 rentain shut; and the liater to air volume ratio in the

main extemal ballast cornpartments i remarns constant rmless cleliberately vatied by the

pilot operating the vessel. As the vessel dives and the outside ambient pressure rises, air

.20 , is added via the aj¡ gq(l connection to the .&!LqXIç!qAL ballast compartn.;enLs 7 zs---

necessary to pressllre coûtpensate thern. The anrbient plessure co1Ìlpensation l.l1aintains

the stmcttÌral integrity of tliese compaÌtments at dêpth. Although airis added as the depth

increases; there is no change in the volutle of the air pteseirt in the cotnparhnent dl"re to

compressior]. No pressurc coutpensation is t'equired in the t:nain internal ballasL 2, ¿,s it

rernains cornpletely fìlled w¡th watcr,

In embodiments of the invention, duling the uonnal surfacing process, water is

purged fi-on] the systern and air is adcled to the system ilt the ret erse of the subtnersion

process. The hull gates 18 remain open to allow $'ater to exit the systetr. The mail]

ballast valve 27 in the pea trap 44 arc is opened. Air is injected into the main extemal

ballast compartments 7 via the air grid systern connector, pushiug tl.re water out via the

pea frap 44 and into the main intemal ballast 2. The water flooding into the main internal

ballast 2 from the main external ballast compaúrnents 7 in tum pushes the main intemal

IU
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In an alternative embodiment of the vessel, the trim ballast tanks may be
20constructed as pressure vessels which would not need pressure
compensation. Semi-controllable Ballast Zones        In certain
embodiments of the invention, the vessel comprises at least one
additional semi-controllable ballast zone 9 which remains substantially dry
while the 25 vessel is operating on the surface, but completely floods with
water when the vessel is submerged under water. Because these zones
remain open to the environment, they maintain ambient pressure at depth.
In many embodiments, the semi-controllable ballast zones have at least
60% of their total volume free of water while the vessel is operating on the
surface. Preferably, at least 65% of their total volume is free of water
during 30 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.
54        In an embodiment, a semi-controllable ballast zone 9 surrounds
the surface engine compartment 20. In an embodiment, this zone fills and
drains via a connection to the hull gates 18 that underlie the main internal
ballast compartments. in an alternative embodiment, this zone fills or
purges via its own hull gate or plurality of gates 18. The 5
semi-controllable ballast zones may optionally include a pump or plurality
of pumps 19 to aid in filling and purging. In an embodiment, when the
vessel is surfacing after being submerged, the semi-controllable ballast
zone 9 surrounding the surface engine compartment 20 purges water via
a one-way lower flapper valve. In embodiments including a pump 19, the
pump 19 is used to help accelerate the induction or the purging 10of the
water.        In an embodiment, a semi-controllable ballast zone 9, such as
a semi-controllable ballast freeboard zone, is located in the upper body
works 37 portion of the vessel.. In many embodiments of the invention,
the freeboard zone is substantially enclosed on all sides except the
bottom (which is open to the semi-controllable ballast area surrounding-
15 the surface engine compartment), preventing any substantial amount
of water from entering the zone during surface operati OM A one-way
drain exiting the lower side of the freeboard zone allows water to exit
during the surfacing process or during a storm., but only allows small
amounts of water to enter when the vessel operates on the surface. The
one-way drain resides above the waterline during typical surface
operation. When the . 20 vessel is submerged under water, the freeboard
zone completely floods via a connection to the lower semi-controllable
ballast zone 9 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 zone provides freeboard
displacement. When the vessel is surfacing elle': being submerged, as the
vessel rises, the -freeboard zone rises  25above the water line and water
escapes through the drains and through the hull gates via the connection
to the lower semi-controllable ballast zone. 
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ballast water out tlrough the liull gates 18. After the nain extemal balìast is completely

purged ofballast water and fillecl wlth ¿ir, the air purges the peâ trap 44 of water and rhe

marn intemal ballast rv¿rter begins to purge througÌr the hull gâtes 18. In certain

embodiments, pumps are used to help expei water from the system. Once the nrain

intelnal ballast 2 is substantially purged of water and hlled \¡/ith air, the hull gâtes 18

close. Any remaimng water is puuped out. Oncethe main ballast system is ftlllypruged

of water, the main ballast valve 27 and exhaust valve 26 are closed and the svstem is

agaìr.r capped to the envìt'onment.

Trim Ba llast fusç¡¡
The maìn ballast systern can be supplemente<l by a trirn ballast syste.rn, which

comprises a series of smaller ballast compafimenrs used to adjLrst the attitude or trirn of

the vessel. In many enbodìments of the present inventiotr, two fon¡,'ard trirn ballast

colrrpaltments 3 are for:ateci forw¿rrd cf the llajn external bailasi cornparlments 7. wilhi¡l

each -side tanli 15. 'fwo ad<tiilonel tril'n b¿ll¿rst system comparlnÌents are l¡cated att or

the upper body works 3? portion of the vessel, one l)od and onc stall¡oartl. ll an

embodiment, at least twLì trim ballast compartrnents 3 are located wrthin each side tank

15. Iu many embodin.rents, the tlim ballast,:orhpaúments jnclude stabilìty tanks 4 The

size and material ofthe stability tank s 4 may \/ary i6rpendrrig on the conliguration ofthe

vessei. Larger stability tanks 4 can be used to acld sta,bility dur:ing the submersion process

in the event tl.rat heavier loads are contemplated to be caniecl on the upper pofiion ofthe

vessel. Larger stability tanks 48 n-ray aìso be used with increased payloacl. :

In nrany embodiments, the stability tanks 4 help stabiljze the vessel as it

t¡'¿rnsitions f¡oln the surlace oftlre $,â.ter to ¿r srLbmerged state. As the vessel sinks, and its

rrenler ofgravity and center ofbuoyalcy become equal, the stability tanks 4 r'emain just

abovetbewaÌer line. ln 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 displacernent, thus

stabrlizing the vessel and inhibiting rollover.

In embodiments of the invention, the trim ballast system compaÍments 3 are

constructed to be water{iglrt and gas-tight. hr alternative embodiments, the trim ballast

system compafinents 3 may be lined with dutable plasLic ballast liners 28 to provide a

g.Ls-tight seal.
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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 Ballast System Features        The
amount of ballast used in the vessel will vary depending on the
embodiment and will depend on several factors, including the total amount
of weight that will be included in the vessel. In many embodiments the
combined volume of all fully-  55 controllable ballast compartments of the
vessel is from approximately 125% to approximately 315% of the volume
of the total fixed displacement of the passenger compartment of the
vessel. In an embodiment of the invention, the combined volume of the all
fully-Controllable ballast compartments is approximately 200% of the
volume of the total fixed displacement of the passenger compartment 1.
Additionally, in many embodiments, the combined volume of all
fully-controllable ballast compartments of the vessel should be from
approximately 75% to approximately 125% of the total volume of surface
displacement of the vessel. In an 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
the subject invention only needs air pressure and gravity to substantially
fill or purge the system of water. If an embodiment includes pumps and/or
exhaust fans, the ballast system will still operate if the pumps and/or
...exhaust fans fail.When the !vessel is on-the surface of the water, the air
pocket 15trapped in the main ballast system provides a degree of
protection to the vessel. In the  eventithat the hull gates 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 insidmthe compartment. Once the air
pressure in the 20.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 25  allowing water into the main external ballast
compartments 7, which in turn flood the main internal ballast
compartments, with air escaping from the hull gates 18. Once the  vessel
submerges, the vessel's center of gravity-will be above its center of
buoyancy, causing it to invert itself and to return to its normal underwater
orientation. The pilot can then initiate the surfacing process and return to
the surface in the proper orientation. 
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ln an embodirnent of the present invention, each ttim ballast taul( col.ìl.ìects to a

pul-lrp (or phtrality of puntps) and valve system that draws water lrom a scmi-col.rtrollable

ballast zone 9. water may be added to each cornparlment or removed as desiled by the

operatior.r of the put11p system. Each trim ballast con]paftlnent 3 is fut'ther contlected via a

gas-tight connection to the air grids, through whicl.r air may be intloduced into the

conpaltment or exhansted as needed to pressure compensate the tânl( or to force water

out of the compartments.

ln embodintents ofthe invention. dufing submersion ofthe vessel, the trirn ballast

system can be used to achieve absolute trim and neutral buoyarcy after the ma r ballast

system is used to reach neal-neutral buoyancy. While the vessel is completely

subnerged, the tfiïì1 ballast system conlpaÉments 3 are varied in their water-to-air

vohrme ratio as needed through the addition ol removal of water fron] the purps, aud the

addìtioir or removal of air from the air grid. Thisprocess is controlled by the pilot ofthe

vessel to adjust the trinr and ueutlal bLroyancy ofthe vessel as clesired. Each trin-r ballast

system compartmenl 3 operates indepÞndently ofthe.others to allow tirll adjustment of

lrinr. As the vessel dives and the outside ambient pressttre rises, air ls added to the trirn

ballast componellts 3 as necessary to presstlre compeusate thetr via the air grid

contlecllPn.

In an altemative embodiment of the vessel, the trinl ballast tanks may be

Z0 cotìstructed as pressufe vessels which would ngt neecl pressure compensation.

Lemi-controllable B

. In cettain embodiurents of the invention, the vessel comprises at least one

aclditional ser-ni-controllable ballast zone 9 wl-rich remains substantially dly while the

vessel is operatiug on the surface. but cornpletely :floods witl.r water when the vessel is

subrnerged under water.. Becanse these zones rernain open to the envil'onment, they

maintaiu arnbient pressure at depth. il many embodinents, the setni-controllable ballast

zones have at least 60% of theil total volulne fi'ee of water while the vessel is opelating

on tlre srrrface. Preferably, at least 650/o of their total volume is free of water during

surface operation. More preferably, at least 7.0o/o of their total volume is f¡ee of water

during s rface operatior.r. Even more preferably, at least 75% oftheir total volur-ìe is fi'ee

ol water dunrtg surlace opet'alion.
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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 passenger compartment 1 were breached  56 and filled with
water, the reserve buoyancy in the main ballast system is sufficient to
bring the craft back to the surface if there is sufficient air to establish
positive buoyancy at the depth. Although the main internal ballast
compartments are typically completely filled 5 with water when the vessel
is submerged, air can be injected into them fi-om the emergency air grid
to form a reserve source of buoyancy without the assistance of the
electrical or hydraulic system or an air grid, such as the low-pressure
primary air grid or the high-pressure air storage grid. In many
embodiments, the pea traps 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 main external ballast compartment 7. The pea trap 44 design
is pasive and does not rely on valves, and the emergency air grid is
redundant to the low-pressure primary air grid, if present. In embodiments
without a low-pressure air grid, the emergency air grid is redundant to the
high-pressure air storage grid. Thus, a total failure of the electric,
hydraulic, and low-pressure primary air (or high-pressure air storage)
grids 15 will have no effect on the pilot's ability to activate the reserve
buoyancy to bring the vessel to the surface. In certain embodiments, a
reserve buoyant lifting force in excess of 12,000 lbs, approximately half of
the total variable buoyancy of these embodiments of the vessel, may be
activated through the filling of the main internal ballast compartments with
air. This buoyancy is more than sufficient to bring the vessel to the surface
of the water.        In an embodiment of the invention, the vessel comprises
an emergency drop weight. In the event of the loss of the ability to fill any
of the main ballast compartments with air while the vessel is submerged,
the emergency drop weight can be dropped to bring the vessel to the
surface based on the fixed displacement. Thus, for embodiments 25
including a drop weight, the emergency drop weight should weigh enough
such that when it is 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
30displacement.        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  57 vessel to
have the diving and underwater operating capabilities of a typical
submarine and the robust seafaring capabilities of a typical surface craft.
Additionally, this large proportion of variable displacement allows a high
degree of configurability since adding or removing components will not
have a significant effect on the vessel's ability to 
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In an embodiment, a semi-controllable ballast zone 9 surrounds the sur face engine

comparlment 20. In au eml¡odirrent, this zone älls and drains via a connection to the hull

gates 18 that underlie the main ir.rternal ballast conpartments. ln an altemative

embodiment, this zone fills or purges via its own hull gate or plurality ofgates 18. The

semj-controllable ballast zones may optionally include a pLlmp or plurality of pumps l9

to aid in filling and purging. In an embodiment. wiren the vessel is surfacing after being

submelged, the semi-controllable ballast zone 9 sunounding the surface engine

compaÍnent 20 pLuges water via a one-\À'ay lower flapper valve. In en.rbodiments

inclr.rding a punìp 19, the pump 19 is used to help acceìerate the induction or the purgìng

o f the water.

In an emboCiment, a semi-controllable ballast zone 9, snch as a semi-conlrollable

ballast freeboard zone, is Iocated in the upper body works 37 portion of tlre vessel.. In

many ernbodiments of the invention, the lreeboard zone ìs substantìally enclosed or.r all

sides except the bortom (*'hìch is 1'¡1en to [i-re semi-controllable ballast area surrc.unCin.g

the :urface..;ngine compa:'tment), 1:reventing ãny sr-rbstantiaÌ amou:t of r.r'a¡er f¡.rm

antelirrg the zone ciuring surfàce o1;eraliol. A one-wa.v dr;ain exil.ing lhe ìc,wer srde of the

freel.,ciÌrd ?.o11e allcws v,¡ater to exit cluring the sur:facing prooess or cluling a stcrm but

only allorvs snrall amt:unts of water lo enter rvl'ìen the vessel opera[es orr the su{äce. 'i'he

onrirvav drain rcsirles abllie lhe wal.erline cluritrg tlpical surface cperatiolì. \!'lien the

vessel is submerged uncler '¡'atcr, the freeboal d zone compleLely floods via a ¡.onnection

to the lower semi-controllable ballast zone 9 surrounclit]g the surfàce engine compafimeú

20, and the aìr pttr€Ìes via. one-way flapper valves 41 on theiop. When the vessel is on

tlre surfàce ofthe water, the fìeeboard zone provides freeboard displacement. When the

vessel is srrlfacir-rg afte' l¡eing subnrerged, as the vessel lises, ihe fì-eeboard zone rises

above the wate¡ line aud water escapes through the drains and through the hull gates viat

the comection to the lowef semi-contt'o llable ballast zone.

In altematìve ombodiments, the freeboard zone lltay utilize decking with small

gaps on the top to allow air to escape during a dive, instead ofthe one-way flapper valves,

Ad.d:lro¡alBailælSyslsrì içêlglq!
'Ihe amo'lnt of ballasi used in the vessel will vary dependìng ot.r the embodiment

and will depend on sevsral factoÌs, inclLrding the total amount of weight thai will be

inclt¡ded in the vessel. In many ernbodiments the con.rbinecl volume of all fLrlly-
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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 volume resides above the
waterline in order to allow it to achieve robust seafaring abilities like a
typical surface craft. This leads to potential problems in attempting to
submerge which are solved by the unique ballast system. When at its 10
maximum height above the water, the vessel's center of gravity, which is
its geometric center of mass, is above its center of buoyancy, which is the
geometric center of the buoyant force acting on the vessel. As the vessel
submerges under water, its center of buoyancy rises and crosses its
center of gravity. When the center of buoyancy and center : of gravity are
equal, any vessel would be at a point of instability and in danger of rolling
15 over since the forces of gravity, and buoyancy cancel each other out.
In order to avoid rollover and have the ability to right itself if rollover
occurs, the embodiments of the present invention have a carefully
balanced distribution of weight, make use of stability tanks 4 mounted on
the sides of the upper body works 37, and incorporate freeboard
displacement that remains above the water line as the center of gravity
crosses the center 20of buoyancy during the submersion 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 roll, the stability tank 4 on the
low side of the vessel enters the water to provide 25 additional
displacement and stabilize the vessel to inhibit it from rolling over. The
portion of the freeboard semi-controllable ballast zone that remains above
the water line as the center of gravity crosses the center of buoyancy
provides freeboard displacement that serves the same purpose. In
embodiments with higher loading capacities on the upper body works 37,
the stability tanks 4 may be larger to offset the additional rollover threat
30that comes with a higher center of gravity. Upper Body Works  58
The subject invention comprises an upper body works assembly 37, which
is the primary assembly that typically surrounds at least the majority of the
lower half of the passenger compartment 1, extending laterally from either
side of the passenger compartment 1 and, in many embodiments, above
the passenger compartment 1 in the 5 rear. The upper body works 37 can
be connected to a central framework 8 via bolts or glue or other means,
and in many embodiments may be mated with the surface hull 42, forming
the top half of the shell of the vessel.       In an embodiment of the present
invention, the upper body works assembly 37 serves as the upper exterior
of the vessel. In certain embodiments, the upper body works 10 assembly
37 comprises the decking, the spoiler 10, the stability tank mounts, and
the freeboard semi-controllable ballast zones. The upper body works
assembly 37 may also house additional vessel components or pods,
including battery bank pods, fuel cells, or air tanks. 
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controllable ballast conpaÌlments of the vessel is flom approximately 125% to

app:-oxinately 315% of the volume of the totaì fìxed displacelrent of the passenger

compartrnent ofthe vessel. In an embodinlent of lhe invention, the combíned volumeof

the all fully-iontlollable ballast compartments is apploximately 200% of the volume of

the total fixed displacement of the passenger compafimelLt l Additionally, in many

ernbodiments, the combined volume ol all fully-controllable ballast compartments of tl'ìe

vessel should be from approximately 75% to approxir-nately 125% of the total volltme of

surface displacement of the vessel. In an ernbodiment, the combined volume of al1 fuìly-

controllable ballast compartments is approxinrately 1007o of the total volume ofsu¡face

displacement.

. . The ballast system of t]re vessel ofthe slrbj ect iÍìvention onìy needs atr pressure

and gravity to substantially fill or purge the system ofwatet'. If an ernbodln¡er.rt includes

purnps and/or exhaust fans, the ballast system will still operate if the pL[nps and/or

..exhaust faris.fail. When the,vesqel is orl the surface of the water, the air pocket

tr.apped in the main ballasr systern ploVides a degree ofplotection to the vessel. ln the

evelltthat the hull gates 18 stick operl or even ifthe surlàce hull 42 is ruptuted, the vessel

will not sink, so long as the air remains trapped inside the ballast con]paflments. water

can only enter tlùoltgh the hull, gates l8 e¡r a sur,face hull 42 rupture in an amount

sufficient to eoÍnpress the aif inside.the compartment. Once the air plessure in the

.col]ìpadment equals the force of tlre wate: pushing in, t1-re vessel wìll stabiliz-e ar.rd remain

on the sullace.

The ballast system also allows the vessel to light itselfifit becoures invetled on

the surface. The pilot ofthe vessel can initiate the submersion process even ifthevessel

is upsicle-dolvr.r on the sutface. The syslem wtll flood ìu revel'se. with the exl.Ìaìrs[ ports

allowing lvateJ into the mai¡ extemal ballast comparlments 7, wliich jn tttm flood the

main internal ballast compaltments, with ait'escaping frorn the hull gates 18. once the

vessel submer.ges, the vessel's center of gravity.will be above its center of buoyancy,

causing it to iuverl itself ancl to retum to its normal underwater orientation. The pilot can

then initiate the surfacing process and teturn to the sulface in the proper orientation.

Compartmentalization of the ballast system allows the vessel to retl"rrn to the

surface even in the event of a breacl't. 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 tlìat the pâssenger compaltment 1 were l¡reached
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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, supplies, munitions, or diver
support equipment such as diver propulsion vehicles.       Any appropriate
decking may be used in the upper body works assembly 37. In an
embodiment, the decking includes an open recreational deck and seating
space for 20 passengers. In an alternative embodiment, the decking
comprises manipulator arms 55 and racks or wells 54 to allow payload to
be loaded or offloaded while the vessel is submerged under water. In a
further alternative embodiment, the decking includes mounted weapons
53.           In certain embodiments, the upper body works assembly 37
comprises armor 25plating. In an 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 grid attachments for delivery of air, electrical power, or hydraulic
power, as 30desired.        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  59 optional equipment, including
radar, GPS, communication, or other antennae. In an embodiment, the
spoiler 10 can be configured for use as a dive plane while the vessel is
under water. In a further embodiment, the spoiler 10 is used as a
mounting point for air intake and exhaust ports. 5In many embodiments of
the subject invention, the upper body works assembly 37 comprises
mounts for stability tanks 4 located aft on the vessel. In an embodiment,
the upper body works assembly 37 includes mounts for at least two
stability tanks 4. In a 



t0

56

and filled with vr'ater, the resen,e br,royancy in the main ballast system is sufhcieut to

brrr-rg the craft back to the surlace if there is sufficlent air to establish positive buoyancy ât

the depth.

Although the n.rain intemal ballast compaÍnlents are tlpicaìly completely fìllecl

with water when the vessel is submerged, air can be injected ìnto thern fi'orn the

elnergency air glid to form a reserve source of buoyancy without the assistance of the

electrical or hydraulic system or an air grid, such as the low-pressure primary air grid or

the high-ptessure air-. storage grid. In many enbodinrents, the pea traps 44 pre.rent air

fi-orn escapit.rg from the main internal ballast 2 even in the event of valve failure or a

bre¿lch of the connecting mair.r extemal baliast compafiment 7. The pea lrap 44 design is

passive and cloes uot rely on valves. and the emergency aìr gncl is redundant to the low-

pt essure primary air grid, if preser.rt. In embodimeús without a low-pressure air grid, the

emelgency air grid is redundant to the high-pressure air storage grid. Thus, a total failure

of tire electtic, hydraulic, and lowgessure pfirnary air (or higli-pressure air storage) gnds

will have uo effect on the pilot':; abilili, to activate the reserve buoyalcy lo bring the

vessel to the surface. In cefiaìn embodiments, a resewe buoyant lilting force in excess ot

I 2.000 lbs, approxirnately halfofthe total va:iab1e buoyancy oftbese ernboclinrents oltl.re

vessel, may be actìvatetl tkough the filling of the main intemal ballast compadtìlents

with air. This buoyancy is more than sufficient to bring the vessel to the surface ofthe

waicr.

In an etrlbodir¡ent ol tl.re ìnvention, the vessel comprises an emergency drop

weight- In the event of the loss of the ability to fiIl any of the nrain ballast compartrnents

witb air while the vessel is submerged, the emergency drop weight can be dropped to

Lrring the vessel to the surface based on the fixed displacement. Thus, for embodirnents

ir-rcluding a drop weight, the err-rergency drop weight should weigh enough such that when

it is dropped, the vessel weighs less than the weight of the total amount of water

displaced by the volume of the fixed displacernent. The energency drop weiglit should

also weigh enongh such that wher.r it is attached, the total weight ofthe 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 provìdes sigrifìcantly more variable

displacement than typical snrface vessels or tlpical vessels capable of nndelwater

operation. This extraordinary amount ofvariable displacement is crucial in allowing the
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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 zone. The freeboard
displacement zone includes a semi-controllable ballast zone 9 which
allows limited water ingress while the vessel is on the surface but
completely floods when the vessel is submerged under water. The
freeboard displacement zone is substantially enclosed on all sides except
the bottom, 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 freeboard zone allows water to exit during the surfacing process or
during a storm, but only allows small amounts of water to enter when the
vessel operates on the surface. The drain resides above the waterline
during typical surface operation. When the vessel is submerged under
water, the freeboard zone completely floods via a one-way connection to
the semi-controllable ballast zone 20 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 25freeboard 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 30materials. In an embodiment,
the upper body works assembly 37 is constructed with the same material
as the surface hull 42.       The size and shape of the upper body works
assembly 37 may vary depending on the main function desired for the
vessel. In an embodiment, the upper body works  60 assembly 37 is sized
and shaped to give a greater degree of freeboard displacement during the
center of buoyancy and center of gravity crossover that occurs during a
dive. In another embodiment, the upper body works assembly 37 is given
a more hydrodynamic shape to allow for greater vessel speeds. In an
alternative embodiment, the upper body 5works assembly 37 is sized and
shaped for its aesthetic appeal. The decking is shaped to 
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vessel to have the clivir.rg and underwater operating capabillties ofa typical submarine ald

the robust seafaring capabilities of a typical surface craft. Additionally, this large

propoftion ofvanable displacement allows a high degr-ee of configurability since acldíng

or removing components will not have a signifìcant effect on the vessel's ability to

opet.ate on the surface, dive under r.vatel, operate under water, oI retltm to the sulface.

When the vessel of the presenl invention is oli the surface of the water, a large

amount of its volume resicles above the waterline in otder to allow it to achieve robust

seafaring abitities Iike a tlpical sur face cratt. This leads to potential problems iu

attempting to submerge which are solved by the unique ballast systen-r. when at its

maximum height above the water, the vessel's center of glavity, which is its geornet|ic

cenler of mass, is above its ceuter of buoyancy, which is the geometric center of the

buoyant force acting on the vessel. As the vessbl subtnerges under water, its center of

bnoyancy rises and crosses its cente| of gravity. When the center of bnoyancy and center

ofgravity are equal, any vessel woÌlcl be at a point ofil.lstability and in danger ofrolli[g

over since the f'orces of gravity and btroyancy cancel each other out. In order to avoid

rollover and have the ability to right itself ìf rollover occurs, the embodin.rents of the

present invention have a carefirlly balanced distribution of weiglrt, make use olstability

lanks 4 moÙnted on the sides of the upper body works 3?, and incolporate tieeboard

dísplacement that remains above the watel line as the center ofgravity crosses the center

ofbuoyattcy during the strbrnersion process

The stability tanks 4 help stabihze lhe vessel while submerged under water as part

ofthe trin-r ballast system. As the vessel submerges and the center ofgravity crosses the

center ofbuoyancy, the stability tanks 4 t'ernain just above the water line. If the vessel

begins to roli, the stability tank 4 on the low side ofthe vessel entcrs the water to provide

adclitiotal clisplacerlent and stabilize the vessel to inhibit it fronr rolling over. The

por.tion of the freeboard semi-controllable ballast zone that remains above the water line

as the center of gravity crosses the center ofbnoyancy pr-ovides teeboarcl clisplacement

that serves the same purpose. ln embodiments with higher loading capacities on the ltppet'

body works 37, the stability tanks 4 niay be larger to offset the additional rollover threat

that comes with a higher center of gravity.

Uppel Bodv Wot'ks
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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
operation. The vessel typically carries enough fuel for long mission
duration, allowing for deployment from land as well as from a larger
vessel. The vessel also has the ability to travel on the surface of the water
at high speeds while generating power, recharging batteries, and
regenerating air stores. Typical small vessels capable of 15underwater
operation rely on a mother ship to reach a dive site and on external
sources for power, battery recharging, and air store recharging..       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 20return to land from an
underwater mission even if the underwater propulsion system fails.
The fuel and surface engine system of the subject invention 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. 25Variable displacement Mel cells
In order for a vessel to submerge itself under water, it must attain a
buoyancy level that is 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 30 capable
of underwater operation that carries fuel must compensate for the
changing fuel level over the course of a mission. When the fuel is in a
pressure hull, the displacement due to the fuel tank is fixed while the
weight of the fuel will vary. The vessel must carry  61 sufficient weight to
overcome the buoyancy of the tank when empty. This extra weight
requires more energy to move the vessel 
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The subject ir.rvention cornprises an upper body works assembly 37, which is the

prirnary assembly that typrcally surrounds at least tlie majol'ity of the lorver half of the

passenger compartment 1, extending laterally fÌom either side of the passenger

compartment 1 and, in many embodiments, above the passenger compaÍment 1 in the

rear. The npper body works 37 can be connected to a central hamework 8 via bolts or

glne or other means, and in many embodiments may be mated rvitl.r the snrface hull 42,

forming the top half of the shell of the vessel.

In an embodiment olthe present invention, the upper body wolks assernbly 37

serves as the upper exterior ofthe vessel. In cefiain enrbodiments, the upper body works

assenrbly 37 con-rprìses the decking, the spoiler 10, the stability tank mounts, and the

freeboard semi-controllable ballast zones. The upper body works assembly 37 may alsc

house additional vessel components orpocls, including battery bank pods, ftrei cells, or air

tanks.

ln an enrbodinrent, the upper body works assembl,v 37 cornprises compatlments

for the storage of payload or consumab.le supplies snch as oxygen bottles, scrubber

r¡aterials. supplies, munitions, or dìr'er suppot-l equipment such as diver plopr"rlsion

vehrcles.

Arw aporopriate decking may be used in the upper body works assembly 37. In an

ernbodiment, the decking includes an open recreational deck and seating space for

passengers. In an altenrative enrbodilnent, tìre dechìng corlnr-ises nrarripulator arms 55

and racks or wells 54 to allow payload to be loaded ot'offloaded while the vessel is

submerged undel water, In a further altemative ernbodunent, the decking includes

mounted weapons 53.

ln certain embodiments, t[.re upper body works assembl¡, 37 comprises armor

plating. In an embodirnent, the uppel body works assembly 37 also cotnp ses attachment

pojuts or wells 54 for weapon or sensor pods ancl storage for nunitions.

In many embodiments of the invention, tl.re npper body works assembly 37

comprìses harrl points, which are used for installation ofcomponents. The hard points

caïì also have grid attachments for delivery ofair, electrìcal power, orhydraulic power, as

desired.

In rnany embodiments. the spoiler 10 extends above the surface engine

compartnent 20 in the rear olthe vessel. The spoiler 10 n.Ìay be used as a mount for
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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 cells help make this possible.
Embodiments of the subject invention store their fuel in at least one fuel
cell 17. In many embodiments the at least one fuel cell 17 is a variable
displacement fuel cell. A variable displacement fuel cell comprises a fuel
bag made of a flexible material that resides within the main internal ballast
2 or within a free-flood zone inside the vessel. In 10 many embodiments,
the flexible material is a flexible polymer material. A fuel pump vacuums
the fuel out of the cell as needed, reducing the displacement of the cell.
More water enters the vessel as the displacement of the cell is reduced.
This negates the need for additional weight to attain near-neutral
buoyancy. This lower weight requirement allow.s, embodiments of the
vessel to retain a shallow draft and to plane to achieve high 15.speed on
the surface of the water, if desired.       The vessel of the present invention
is capable of submerging no matter how much fuel remains on board. The
variable displacement fuel cells lead to the vessel becoming heavier
under water as fuel is used up. Thus, the vessel's most buoyant state is
with a full fuel load. 20Additional fuel cells 50 may be added by adjusting
the overall weight of the vessel. In an embodiment, approximately 400
pounds of weight must be added per 200 gallons of additional fuel to be
added to the vessel.       In an embodiment, the vessel comprises.four
variable displacement fuel cells, two starboard and two port, with one
forward and one aft on each side. In this embodiment, 25 each variable
displacement fuel cell holds approximately 125 gallons of diesel fuel. 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 30 displacement fuel cell by a common fuel
line. The fuel line may be a hose or a pipe, and it preferably incorporates
a one-way check valve allowing fuel to flow from the forward cell to the aft
cell only. This is done since the vessel typically sits on the surface with
the front higher than the back, allowing fuel to drain from front to back.
Also, the vessel typically  has the front lower than the back when
underwater. Due to the buoyancy of the fuel, this will also allow fuel to
drain from the front to the back. Trapping the fuel in the rear fuel cells 17
reduces the amount of shift in the center of gravity while the vessel is on
the surface and the center of buoyancy when the vessel is underwater.
5In many embodiments, the variable displacement fuel cells are anchored
down so they will stay in place despite their buoyancy underwater. 
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optjonal equipment, includir.rg radar, GPS, cottltnunication, or othel' antennae ln an

embodiment, the spoiler 10 can be confìgured for use as a dive plane wl.rile tl.re vessel is

under water. In a furlher embodin.rent, the spoiler 10 is used as a mounting poil]t for air

intake and exllaust pofis.

In n.rany embodirnents of the subject ir-rvention, the upper body wor-ks assembly 3?

compr.ises mounts for stability tanks 4 located aft on the vessel. In an embodiment, the

trpper body works assembly 37 includes mounts for at least two stability tanks 4. In a

certain er¡bodinlent, the moulìts for the stability tanks may be located on the spoiler 10.

hr many embodiments, the upper body works assembly 37 comprises a freeboald

displacement zone. The freeboard displacement zone includes a semi-controllable l¡allast

zone 9 which allows limited water ingress while the vessel is ou the surface but

cornpletely floods when the vessel is submelged under water. The freeboard

displacerneirt zone is substantially enclosed ou all sides except the bottom. pleventing any

sÙbstantial arnount ofwatel from entet ittg the zoue when the vessel is otl the surface A

oue-wây drain at the bottom ol the lreel¡oard zone allows water to exit during the

surfacing process or cluring a stomr, but,only allows small âmôunts of water to enter

when the vessel operates on the surface. 'flie drain resides above the waterline during

typrcal surface operation. Whetr the vessel is submerged rurder water, the {ì-eeboatd zotle

completely floods via a one-way conuection to the semi-controllable ballast zone

surrounding the surface engine compatment 20, and the air purges vià one-way flapper

valves 4l on the top. when the vessel is on the surface of the water, tlle freeboard

.displacemenl zone provides freeboard clisplacement. when the vessel is surfacing after

being subrnerged, as the vessel rises, the fi'eeboard displacement zolle rises above the

water litre and water escapes through tl.re drains. In alternative embodiments, the

fr.eeboarcl clisplacement zone mây utilize decking rvitl.r small gaps on the top to allow air'

to escape during a dive, instead of the one-way flapper valves 4l .

The upper body works assembly 37 may be any shape and may be cotlstmcted of

any appt.opriate materials. Exaûrples of materials that may be nsed include fiberglass,

carbon fiber, aluminum, other metal or composite material, aud any combination of those

materials. In all embodiment, the upper body works assembly 37 is constructed with the

same material as the surface hull 42.

The size and shape ofthe upper body works assembly 37 may vaty depending on

the main filnction desired for the vessel. In an embodiment, the uppel body works
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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 10of the variable displacement
fuel cell. The baffle material helps in the refueling process since the cells
automatically expand when the system is opened for refueling.       Since
the fuel is not very compressible, the pressure differential between the
interior and exterior of the variable displacement fuel cells is very close to
0. This allows the variable displacement fuel cells to maintain ambient
pressure when the vessel is ISsubmerged. Fuel grid        The fuel grid
connects the variable displacement fuel cells to the surface engine(s) 31.
The fuel grid comprises at least one connective fuel line, at least one fuel
pump; at 90  least one refilling port, and at least one valve to control fuel
flow. Since the variable displacement fuel cells maintain ambient
pressure, the fuel lines of the fuel grid rise to ambient pressure. In certain
embodiments, the at least one 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 system. In alternative embodiments, the
surface engine(s) 31 are located 25  in a pressure hull, maintaining a
pressure of one atmosphere. In these embodiments, a valve should be
added to the fuel lines of the fuel grid to prevent the pressure differential
from pushing fuel into the surface engine compartment 20. Surface engine
30The 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.  63       In an
embodiment, two 440 horsepower diesel marine inboard engines are
used. In an alternative embodiment, two cylindrical-shaped turbine
engines are used. In an embodiment, the turbine engines are each 1,200
horsepower engines. In an alternative embodiment, the turbine engines
are each 1,400 horsepower engines. 
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assembly 37 is sized and shaped to give a geater degree offreeboald displacement during

the center of buoyancy ancl center of grâvity crossover that occurs durir-rg a dive. ln

arrother embodiment, the upper body works assembly 37 is given a more h¡drodyramic

shape to allow for greatel vessel speeds. In an altemative embodiment, the upper body

works assembly 37 is srzed and shaped for ìts aesthetic appeal. The decking is shaped to

allow for better viewiug from the passenger companment 1.

Fuel and Surface Engine SvstErn

The fuel and surface engine system of embodiments of the present invention

allows unprecedented range, speed, and mtssion duration for a sllall vessel capable of

underwater operation. The vessel typically cardes enough fuel for Iong mission cluration,

allowing for deplolment from lald as well as from a larger vessel. The vessel also has the

ability to travel on the surf¿ce of the water at high speeds while generating power,

lecharging batteries. and regenerating air stores. Tlprcal small vessels capzble of

r¡nderlt'ater opetation rely ot.ì a mother ship io reach a dive sife and cn extentai sourc,:;

for power, battery recharging, and ail stote lechar-ging.

The vessel of the snbjecr inventiotr is also much safer than typical smaller vessels

capable ofunderwater operation. The surface plopulsion system acts as a backup lo the

battery-polvered underwater propulsion systenr, and the vessel can rise to the surface and

retum lo land fi'orr an unden¡r'ater missìon even if the underwater pro¡rulsi,rn system fails.

The fuel and surface engine system ofthe subject invention cornprises at least one

fuel cell 17, ât least one fuel grid, at least one surface engine 31, at least sruface engine

gear 32, aT least one out drive, and at least one surface engine compaftmen? 20.

@
In order fol a vessel to submerge itself under wâler, ii must aitain a buoyancy

level that is almost completely neutr-al. Since petroleum-bàsed fuels are buoyant uuder

wâter, using them makes it difficult to attain neal-ner-rtral buoyancy. Addrtioually. vesseìs

that move on the surface require power to cany large amounts offuel. A typical vessel

capable ofunderwater operation that carries fuel must compensate for the changing fuel

level over the course of a rnission. Whelt the fuel is in a pressrre hull, the displacement

dr-re to the fuel tank is fixed while tlie weight of the fuel will vary. The vessel must calTy
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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 lbs of total
weight of the vessel. In other embodiments, the power-to-weight ratio
during surface operation is at least 1 horsepower per 35 lbs. In other
embodiments, the power-to-weight ratio during surface operation is at
least 1 horsepower per 20 lbs. In further embodiments, the power-to-
10weight ratio during surface operation is at least 1 horsepower per 10
lbs.       In an embodiment, the engine cooling system is open to the
water, requiring ambient pressure compensation. In an alternative
embodiment, the surface engine cbmpartment 20 is a pressure hull, and a
valve is used to close the cooling system off from the water. 15 Out drive
The surface engines 31 connect to out drives on the outside of the surface
engine compartment 20. Any standard marine out drive commonly known
in the art may be used. In certain embodiments, jet drives are used. 20
Surface engine compartment        The surface engine compartment 20
protects the surface engines 31 and other enclosed equipment from
pressure and water intrusion when the vessel is at depth under water. hi
many embodiments, the surface engines 31 are mounted in the surface
engine 25 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, 30allowing 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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sufficient weight to overcome the buoyancy of the tank wheu empty. This extra weight

reqltires more enelgy to move the vessel.

The vessel of the present invention is unique among small vessels capable of

under watel- operation since it is able to cary a large amonut of fuel. The vanable

displacement fuel cells help n.rake this possible.

Enbodiments of the subject invention stol'e their fuel ìn at least one fuel cell 17.

ln rr.ra¡y en.rbodiments the at least one fuel cell 17 is a variable displacen.rent fuel cell A

variable clisplacement fuel cell comprises a luel bag made of a flexible material that

r esides within the main intemal ballast 2 or witliin a fi'ee-flood zone ìnside the vessel. In

many embodinrents, the flexible material is a flexible polyler material. A fuel pump

vacuulits the fuel out ofthe cell as needed, reducing the displacement ofthe cell. More

water entels the vessel as the displacernent.of tl'ìe cell is reduced. This negates the need

for additional weight to attain near-neutlal buoyancy. This lower weight requirement

allows. en.rbodiments of the vessel to retain a shallow draft and to plane to achieve high

speed on the.surface of the water, if desired.

The vessel of the pr.esent invention is capable of submerging no matter how much

fuel remaius on board. The vadable displacelnent fuel cells lead to the vessel becornir.rg

heavier. uncler. water as fuel is usecl up. 'fhus, the vessel's n-ìost buoyant state is with ¿ full

fuel load.

Aclditional fue'l cells 50 may be added by adjusting the overall weiglit of the

vessel. hr an ernbodiment, approximately 400 pounds of weight must be added per 200

gaJlons of additional fuel to be added to the vessel.

i ln an enrbodiment, the vessel comprises.four va|iable displaceurent fuel cel1s, two

star.board a¡cì two pott, with oue lorward ancl oue afl on each sicle. Ill this embodìr.nent,

each varìable displacen.rent fuel cell l]olds apploximately 125 gallons ofdiesel flrel. In

altemative embodiments, more or less variable displacement fuel cells rraybe used, a¡d

variable displacen.rent fuel cells of different siz-es uray be used.

In embodiments tltat comprise a folward 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 cornmon fuel line. The fuel line may be a hose or a pipe, and it

prelerably 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 draìn from front to back. Also, tl.re vessel typically
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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 surface 5
engine compartment 20 can also be the heaviest assembly after its
components are installed. Reconfiguring the surface engine compartment
20 typically requires weight budgeting changes. Adjustments to the side
tanks 15 can compensate for weight changes.       The surface engine
compartment 20 increases the safety of the vessel by separating the
engines and fuel system from other parts of the vessel, including the
10passenger compartment 1. This greatly lowers the risk of injury due to
fire.       In many embodiments the surface engine compartment 20 is an
ambient-pressure compensated submersion pod. An ambient-pressure
compensated submersion pod keeps the overall weight of the vessel
down and allows for the surface engine compartment 20 to be built with
flat surfaces. Utilizing flat surfaces allows the surface engine compartment
20 to be located within the exterior confines of the vessel, reducing the
amount of required fixed displacement of the vessel.       In many
embodiments, the ambient-pressure compensated surface engine
compartment 20 includes an ambient core reader 22. The ambient core
reader 22 can comprise a piece of pipe mounted vertically inside the
ambient-pressure compensated  20 surface engine compartment 20. In an
embodiment. the pipe is approximately 18" long. The pipe is open at the
top to the inside of the surface engine compartment 20 and open at the
bottom to the free-flood semi-controllable ballast zone surrounding the
compartment. Inside the pipe, at least one float trigger is mounted. In an
embodiment, three float triggers are mounted and are each separated
from the next by a range of about three  25 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
30compartment 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  65 
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has the fror.rt lower than the back when undenvater. Dne to the buoyancy of tlre fuel, this

will also allow fuel to drain from the front to the back. Trapping the fuel in the rear fuel

cells 17 reduces the amount of shift in the cetter of gravity while the vessel is on the

surface and the center olbuoyancy when the vessel is underwater.

Il many ernbodiments, the vadable displacemenl fnel cells are a¡cho¡ed clown so

they will stay in place clespite their buoyancy underwater.

The variable displacernent fuel cells rnay be hlled with a porous, spongy baffle

material that causes the cells to regaìn their original shape once the vacuum ís relieved. ln

an embodirnent, the baffle material comprrses approximately 10% of the intetnal volunle

ofthe variable displacernent flrel cell. The baffle material helps in the refueling process

since the cells automatically expand when the system is opened for reftreling.

Since the fuel is not very compressible, the pressure differential between the

interior and exterior of tl.re variable displacement firel cells is very close to 0. This allows

the variable displacemenl. fuel cells To mrLintajn alnbient pressure when ihe ¿essel is

submerged.

Eusl-s4

The fuel grid conriects the variable displacerner.rt fuel cells fo the sur-face engine(s)

31. Tlie fuel grid comprises at least one cormective luel line, at lea;t one fuel punrp; at

least one refilling port. and at least one valve to cL\rlrol fuel florv. Since tl.re variable

displacement fuel cells maintain arnbient pressure, the fuel lines ofthe lueÌ grid rise to

ambient pressure. In cerlain ernbodimerìts, the at least one sLrrlace elgine 31 at the other

end of the fuel grid is enclosed in an ambient pressure pod, and uo pressure difïerential

exists in the fueì syster.n. In altenrative enrbodiments, the surface engine(s) 3I are locatecl

in a pressure hull, maintaining a pressure ofone atmosphere. In these erlbodiments, a

valve should be added to the fuel lines oflhe lLrel grid to prevent thepressure difTerential

from pushing ftrel into the surface engine compafirnent 20.

Surface engine

The vessel of the present invention uses at least one surface engine 31. Many

different tlpes of engines can be used. In many embodiments, a combustion motor is

used. h an embodiment, a diesel inboard engine is used. Ìn another embodiment, a

turbine is used.

30

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, pressure sensor, or meter
commonly known in the art can be used to regulate the air. In many
embodiments, in-line down-regulators are placed at various locations on 5
the vessel to compensate for over-pressurization resulting from
pressurization differences due to distance from the ambient core reader
22. Each 12" above the trigger of the ambient core reader 22 adds an
additional positive pressure difference of approximately 0.445 psi
compared to the trigger of the ambient core reader 22. In certain
embodiments of the present invention, each component that has an in-line
down-regulator also has an 10independent purge valve to allow it to vent.
In many embodiments, the ambient core reader pipe has a third float at
the top of the pipe. If water reaches this float, a warning alarm is triggered
on the control panel in the passenger compartment 1 indicating that the
ambient-pressure air compensation grid is not delivering enough air to
prevent intrusion of .water. Causes include the vessel 15 descending at a
rate that is too rapid for the ambient-pressure air compensation grid to
compensate, or a system malfunction. In case of such an alarm, a pilot of
the vessel should cease to descend in the water.       When the vessel is
on the surface of the water, a vent on the ambient-pressure compensated
surface engine compartment 20, remains open. In many embodiments,
the 20 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- 25
pressure compensated surface engine compartment 20 from the air grid.
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.
30As the vessel is under water rising toward the surface, the expanding
air in the surface engine compartment 20 will vent to the outside
environment with no need to open any valves. In many embodiments, the
vessel has sufficiently-sized air egress piping to  66 
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hr an embodiment, two 440 horsepolve¡ diesel mat ine inboard engines are ttsed ln

an altemative ernbodiment, two cylindrical-shaped tLrrbine engines are used ln au

embodiment, the turbine engines are each 1,200 horsepower engines- In an altemative

embodiment, the turbine engines ate each l,400 holsepowet engines.

In ceftain embodiments ofthe invention, the power{o-weight ratio of the vessel

during surface operation is at least t hotsepower per 50 lbs oftotal weight ofthe vessel.

In other embodiments, the power-to-weight ratio during surface operation is at least 1

horsepower per 35 lbs. In other embodiments, the power-to-weight ratio during surface

opelation is at least I horsepower per 20 lbs. In fuÍher embodiments, the power-to-

.¡ieight ratio dur-ing surface operation is at least I borsepowet per 10 lbs-

In an embodiment, the engine cooling system is open to the water, requinng

ambient pl€ssure compensation. In au altemative embodìment, the surface engine

còmpafimert 20 is a plessure hull, and a valve is used to close tÌre cooling system off

t orn re waler.

Out dr-ivq

The surface engines 31 corurect to out drives on tl.te outside of the surface engìne

compar1ment 20. Any standard marine out drive commonly kuowu in the art rnay be used.

In certain embodiments, jet drives are used.

Sulface enqine cornpafiment

The surface engine compattment 20 protects tl-Le surface engines 31 and other

enclosed equipmelrt from pressure and water intrusion when the vessel .is at depth under

water. Il.r ura¡y embodirnents, the sullace engiues 31 are motutted in the surface erlgine

corlrpattrrtent 20 and then bolted onto the vessel later, allowing for easy switching out. In

cefiain embodirrents, compl'essors and altemators are mounted in the surface engine

colnpartment 20. Components mounted in the surface eugine compartment 20 can be

removed foÍ r'epair. 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 ofthe passenger compaltment l.

The surface engine cotnpallment 20 can be constrttcted fi'om many different

materials and in many diflerent shapes. In an embodiment, the surface engine
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accommodate a very rapid ascent in the case of an emergency. In many
embodiments, the air egress piping is fashioned into a pea trap to prevent
water intrusion at depth.       In many embodiments, the surface engine
compartment vent lid is located above the location of the ambient core
reader trigger. This ensures that air is vented out of the 5 surface engine
compartment 20 if a leak develops in the lid 11, instead of water coming
in. Additionally, due to the near 0 psi pressure difference between the
interior and exterior of the surface engine compartment 20, any leak
would be a slow dribble. If the float trigger system were to fail, the vessel
is still properly- air-compensated to depth of failure. The vessel would only
require a small ascent to return to safety. 10In certain embodiments of the
present invention the surface engine compartment 20 is a pressure hull
engine compartment. A pressure hull engine compartment requires no air
compensation and is useful for vessels that will go to extremely deep
levels under water, such as over 1,500 feet. A valve must be included to
completely isolate the exhaust system when the vessel is submerged
under water. in using a pressure hull engine  15 compartment, the. weight
of the vessel increases due to the need for heavy material construction
and a spherical or cylindrical design. Pressure-resistant through-hull
connectors are used for all electric, hydraulic, 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 connect to 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. In an embodiment, 2-to-1 out drive
transmissions are used on each surface engine 2531. giving a total of
3,400 ft-lbs 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 fon-ning 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  30 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.  67 Air Grids 
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comparlÌrent 20 is made of a nraterial wìth a high National Institute of Justice (NIJ)

threat level resistance.

In many emboclirnents, the sru-.face engine compafiment 20 is the second largest

fixed displacemelt compafiment, afler only the pàssenger compartment I . Tlre surface

engine compaÍment 20 can also be the heaviest assembly after its colrponents are

installed. Reconfiguring the surface engine compartnent 20 typically requires weight

budgeting changes. Adjustments to the side lanks 15 car compensate for weight changes.

The surface engine comparlmelt 20 increases the safety of the vessel by

separating the engines and fuel system ftom other parts of the vessel, inclLrding the

passenger compartment 1. This greatly lowers the risk of injury due to fire.

In many ernbodiments the surface engine conrpartment 20 is an ambient-pressuÌe

compensated submersion pod. An ambier.rt-pressure compensated submersior.r pod keeps

the overall weight ofthe vessel down and allows for the surfäce engine cornpartment 20

i() be built with flat sulfaces. Utilizing flat sulfaces allows the sulface enginr:

compaúment 20 to be located within the exterior conhnes of tbe vessel, reducing the

amount of required fixed displacemenr ofthe vessel.

In many embodinrents, the ambiert-pressur-e compensated surface engine

compartment 20 ir.rcltrdes an ambient core reader 22. The ambierit cole reader 22 can

compdse a piece of pipe rnounted vertically ilrside the ambient-pressure conlpensated

surface engine cornpaftrnent 20. ln an er.nl¡ocliurent. the pipe is appto.rimately 18" long.

The pipe is open at the top to the inside ofthe surface engine compartment 20 and open at

the bottom to the free^flood semi-cor.rtrollable ballast zone surrounding the compadtÌìent.

Inside the pipe, at least one float trigger is r¡oLrnted. In an embodiment, three float

h-iqgers ate mounted and ate each separated lrom the next bv a range ol'âborrt three

incires to about four inches. As the ambient watel pressure increases when the vessel goes

under water. water rises up the pipe. When water passes the first two float tliggers, t\À,o

electric switches are closed. When the second switch closes, an electtic valve opens to

deliver air from an air grid, such as the low-pressure pdmarv air grid or high-plessure ait

storage grid. The air fiom the ail gid is released directly into the surlace engine

compadment 20. In certajn embodiments, a single float trigger and a single electric

switch are used.

In many eurbodrments, as the pressure within the ambient-pressure compensated

surface engine compafiment 20 becomes slightly higher than the exterior ambìent
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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 renewable air and oxygen.
Additionally, the subject invention can store 5 much more air than typical
small vessels capable of underwater operation. The ability to store large
amounts of air allows embodiments of the present invention to purge their
main ballast compartments, pressure-compensate their large surface
engine compartment 20 and secondary ballast compartments, provide life
support or bring the passenger compartment 1 to ambient pressure if
desired, allow surface ascent in the event of power 10or hydraulic failure,
and provide backup life support.       While typical non-military vessels
capable of underwater operation are very limited in their life support
systems by the fact that they only carry a limited amount of carbon dioxide
scrubbers and pure oxygen, certain embodiments of the present invention
. store renewable air supplies that may be used as an alternate life
support source, in 15 'addition to carrying carbon dioxide scrubbers and
pure oxygen. This decreases the amountiof pure oxygen that must be
used while the vessel is underwater.       In many embodiments, the
subject invention has four or five air grid systems. These grid systems are
the high-pressure air storage grid, the emergency air grid, the
ambient-pressure air compensation grid; the oxygen grid and, in certain
embodiments, a low-pressure primary air grid. The grid systems may be
interconnected and may share C0111111011 resources. High-pressure
air storage grid  The high-pressure air storage grid comprises at least one
high-pressure Self- 25 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 30 compressor 34 is located in the surface engine
compartment 20 and driven by the surface engines 31. In an embodiment,
the total combined rate all the compressors operate at is at least about 20
cubic feet per minute. In another embodiment, the total combined rate all
the compressors operate at is at least at least 40 cubic feet per minute. In
many  68 embodiments, the compressors remove excess moisture and
contaminants from the air through a series of water separators and filters
to ensure the air will have low levels of moisture and other contaminants. 
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pressufe, air forces water out of the ambient cote reader until the floats drop and both

switches reopen, halting the air flo\v. ln altern¿rtive embodiments, any float, valve, trigger,

pressure sensor, or meter commonly knou'n in the art can be used to |egulate the air.

In many elnbodil1rents, in-line down-regulators are placed at various locations on

the vessel to compensate for over-pressurization resulting from pressurization differences

due to distance from the ambient core reader 22. Each 12" above the trigger of the

anbient core reader 22 adds an additiotral positive ptessure difference of approxin.rately

0.445 psi compared to the trigger of the ambient core reader 22. In certain embodirnents

ol.the preseut invention, each component that has an in-line down-regulator also has atl

independent purge valve to allow it to vent

In many embodiments, the ambieltt core reader pipe has a third float at the top of

the pipe. If.water reaches this float, a warning alarm is triggered on the control panel in

the passenger compaltment 1 indicating that the ambient-pressure air compensation 9id

is not delìvering euough air to pt'event intrusion of water. Causes include the vessel

descending aÎ a rale that is too rapid for the an.rbient-pressure air cornpensation gnd to

compensate, or a systen malfunctiolì. In case of such an alarm, a pilot of the vessel

should cease to descend in the water.

Wben the vessel is on the surface of the watel, a vent on the ambient-pressure

compensated surface engine compaÍr'nent 20. remains open. In many embodiments, the

vent is on the top of the surface engine compaúment 20.'In an embodiment, a snorkel

system is added to the surface engine compaltluent 20 to provide air to the sltrface

engines when the vessel is under water but very near the surface'

when the vessel is on the surface and about to divE undeÏ watel, the vent on the

surlace engiue cot'npartment 20 is closed. Pressnriz-ed air is released into lhe anbiellt-

pressure compensated surface engiue con'ì.partmetìt 20 from the air grid ln an

en.rbodiment, hydraulic rams and a latching system at the top of the surface engìtie

compafiment 1id ll prevent any positive pressLlre fi'om opening the lid 11. The surface

engines 31 allow air into their structure, resulting in no net pr essure differential between

their ilrterior and exterior.

As the vessel is under water rising toward the surface, the expanding air in the

surface engine compartnrent 20 will vent to the outside environÌnent with no need to open

any valves. In many ernbodiments, the vessel has sr-rffìciently-sized air egless piping to
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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 psi. In an embodiment, the total
storage capacity of all storage tanks is about 4,000 cubic feet. In another
embodiment, the total storage capacity of all storage tanks is about 5,000
cubic feet. The total storage capacity is limited only by the space available
for additional storage tanks. 10In certain embodiments, the high-pressure
air storage grid can be used through a take-off valve to recharge external
SCUBA tanks, if such tanks are being used for divers. Emergency air grid
The emergency air grid is a backup system for the primary air grids. It can
provide 15air to the vessel in the event of a system failure, and it requires
no electrical or hydraulic power to operate.       In many embodiments, the
emergency air grid comprises at least 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 recharge process via a one-way
valve. The 20emergency air grid can deliver air directly from the reserve
tank to the main internal 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 25 to inject air directly into the main internal ballast system. When
the vessel is on the surface of the water, the emergency reserve air tank
33 may be used to manually purge the main external ballast after a dive.
In many embodiments, the air of the emergency air grid is stored at high
pressure. In an embodiment the air of the emergency air grid is stored in
the emergency reserve air 30tank 33 at 5,000 psi.       In certain
embodiments, the emergency air grid may be injected into hydraulic rams
through a special valve. If the hydraulic system of the vessel fails, the
emergency air . grid can allow the hydraulic rams to function as pneumatic
rams.  
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accolnlnodate a very rapid ascent in the case olan elnergency. hl many embodiments, the

air egress piping is lashioned into a pea trap to prcvent water intrusion at depth.

In many embodiments, the surface engine compadment vent lid is located above

the location ofthe ambient core reader trigger. This ensures that air is vented out ofthe

surface engine compaÌ1ment 20 ifa leak develops in the lid ll, ìnstead of water coming

in. Additionally, due to the near 0 psi pressure difference between the interior and

extenor of the surlace engine compartment 20, any letk wolrld be a slow dribble. If the

float trigger system \tu ere to fail, the vessel is still properly air-compensated to depth of

failu¡e. The vessel woulcl only require a small ascent to refutï tc safety.

h.r certaln embodiments of the present invention tlre surface engine compatiment

20 is a pressure hull engine compafiment. A pressure hull engine compaúnrent requires

no air compensation and js useful for vessels that will go to extremely deep levels mder

water, such as over 1 ,500 fèet. A valve must be included to completely isolate the exhaust

system when the vessel is subrnerged uncler water. In nsirig a pressure hull engine

cornpartÍìent, tlre weight of the v:ssel ìncreases due to the need ior beavy material

constftrction and a spherical or cylindrical design. Pressure-resistant tlirough-hull

connectols are used for all electric, hydraulic, and air connections. Additionally, rhe

output shafts from the surface engines 31 must have a special pressure-resistant

watertight seal where they exit tho pressure hull engine compartment and connect io the

out drives.

In many embodiments, the out drives are con¡ected to the ambient-pressure air

compensâtion grid. This provides pressrìre conpensation when the vessel is ât depth

under water. The standard seal 24 on a typical out drive common in the art is wateftight.

Illanembodiment,2-to-Ioutdrivetlansnissionsareusetlol'leaclisullaceengine

31. giving a total of 3,400 ft-lbs oftorque delivered to the propellers.

In many embodiments, a tlulnel fi orn the ambient pr essure surface engine

cotrrpaltment 20 houses the out drive sìrafts. The tunneljoins to the out drive housing 23

fonning a waterlight connection. This seles to help prevent water fionl entering the

surface engine compartment 20. ln certair.r embocliments, the outpìlt 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 con.ìpartmellt 20, ensuring a pressure

differential ofnearly 0 psi between the intemal pressure and the external water ptessul'e.
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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-pressure primary air grid  5The
low-pressure primary air grid receives air from the high-pressure air
storage grid storage tanks. The high-pressure storage tanks connect
through down-regulators:       In an embodiment of the subject invention,
the air of the low-pressure primary air grid is 240 psi. The down-regulators
can be set and valves, hoses, and connectors can be chosen to give a
higher pressure, if desired, up to the pressure of the high-pressure air
10system.       hi embodiments of the Subject invention, the low-pressure
primary air grid purges the ballast compartments, vents battery tubes of
hydrogen during charging, supplies the passenger compartment
vitalization system, supplies the passenger compartment conversion and
breathing system, supplies the diver umbilical support, and/or provides air
. 15to the ambient pressure air compensation grid. In certain
embodiments, the low-pressure primary air grid performs all of these
tasks.       In certain embodiments, air from the low-pressure primary air
grid is used to purge water from the ballast compartments of the vessel at
the end of a dive. This may be done when the vessel is rising and is at a
point just -below the surface of the water. 20Electric or hydraulic valves
are used to release air from the primary grid into the secondary ballast.
In many embodiments, the low-pressure primary air grid comprises
electric valves in the battery tubes. While the batteries charge, the valve
opens automatically, and air flows into the battery tube at a low rate.
When the air pressure in the battery tube reaches 25 a certain pressure, a
check valve at the other end of the battery tube opens, thereby venting
any hydrogen that may have been produced from the battery charge
process to the outside environment. In an embodiment, the certain
pressure needed to open the check valve is 0.5 psi. 
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Air Grids

TJre subject inventior.r iucludes at leasl one air grid wl.ricìT maybe used to provide

air to cefiain pafts ofthe vessel. The subject invention uses the air grid or plurality ofair

grids to store renewable air and oxygen. Additionally, the subject inventìon can store

ntuch rnore air than typicaì small vessels capable ofunderwater operation. The ability to

stor.e large amounts of air allows embodiments of the present invention to purge theit'

main ballast conrpartments, pressure-compensate their large surface engine cotnpaúment

20 and secondary ballast compaúments, provide life suppoÉ or bring the passenger

cornpartlnellt I to ambrent pressure ifdesired, allow surface ascent in the event ofpower

or hydrauìic failure, and provìde backup life suppott.

While typical non-military vessels capable of underwater operation are very

limited in their life suppoft systens by tl-re fact that they only carry a lirnited amount of

carbon dioxide scrubbers and pure oxygen, certain embodiments ofthe present inventìon

store renewal¡le air supplies that may be used as an ahelnate life sr'rpport source, in

addition to carrying carbon dioxide scntbbers alrd pure oxygen. This decreases the

amounr,of pure oxygen that must be used while the vessel is underwater.

In many erubodiments, the subject invention has four or fíve air grid systerns.

These grìd systel'ì1s aïe the high-pressure air stot'age þrid, the el.ìlergency air gricl, the

ambient-pressure air compensation grid; the oxygen grid and, iù certain embodiments, a

low-pressure primarl air grìd. The grid systems may be intercounected and may share

comÍ1011 resources.

High-pressure air storage grid

The high-pressure air slorage grid comprises at least olle higl.r-plessr-rre Self-

Containecl Breathing Aìr (SCBA) compressor'34 ar.rd at least one hìgh-pressur-e SCBA

storage tank 14. They are often connected using hosing, valves, and reglllators that are

known in the art. In an ernbodiment, the high-pressure âir storage grid courpresses air

fi.om the surface and stores it. In an embodiment, tl.re high-pressure air storage grid stoles

air at about 5,000 psi. In cefiain embodirnents, the at least one high-pressure SCBA

conrpressor 34 is located in the surface engine compafimel'ìt 20 and driven by tl.re surface

engines 31. ln an embodrmeltt, the total comllìned rate all the compressors operate at is at

least about 20 cubic feet per minute. In another embodiment, the total coml¡ined rate all

the compressors operate at is at least at least 40 cubic feet per urinute. ll.t t.nally
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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 manually opened or closed. When
the valve is open, air is allowed to enter the passenger compartment 1
and can be vented through the passenger compartment's dormant relief
valve. This feature allows the hatch of the passenger compartment 1 to be
70 completely closed while still refreshing the air of the passenger
compartment 1. This is especially useful when the vessel is on the surface
of the water, but the waves or weather make having the hatch open a
problem. In certain embodiments, the low-pressure primary air grid can be
used to 5 pressurize the passenger compartment 1, if desired. An
injection valve can be opened to allow air from the primary grid to enter
the passenger compartment 1. In an embodiment, the valve is opened
and closed manually. In an alternative embodiment, the pressure in the
passenger compartment 1 is regulated by a meter system. Once the
pressure within the passenger compartment 1 is slightly higher than the
ambient pressure outside the 10 passenger compartment 1, an open or
semi-closed breathing circuit can be used. In an open breathing circuit,
the dormant relief valve of the passenger compartment 1 is open while the
SCBA air from the low-pressure primary air grid is continuously delivered.
This allows for less of the pure oxygen store to be used, resulting in the
ability to stay under water for longer periods of time. In a semi-closed
breathing circuit, a carbon 15dioxide scrubber is used, allowing the same
air to be recycled and resulting in a decreased time to restore the SCBA
air when the vessel is on the surface of the water.       In an embodiment,
a compressor is used to eject air from the passenger compartment 1. The
passenger compartment 1 is maintained at an internal pressure of one
atmosphere, and renewable SCBA air stores are used for life support. In
an embodiment, 20the SCBA air stores are used in an open breathing
circuit. In an alternative 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 maybe used, and each
diver connects into the low-pressure primary air grid using an umbilical
support. This 25allows divers to stay out on a dive for longer periods of
time by overcoming the 
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embodiments, the compressors remove excess moisture alld contaminants ft-om the air

througÌr a series ofwater separatols and filters to ensure the ail will have lorv levels of

moisture and otller contaminaús.

ln many ernbodimenls, the storage tanks 14 of the high-pressure air storage grid

store approximately 450 to approximately 500 cubic feet of air each at a high pressure,

such as 5,000 psi. In an embodiment, the total storage capacity of all storage tanks is

aboLrt 4,000 cubic feet. hr another embodiment, the total storage capacity ofall storage

tanks is about 5,000 cubic feet. The total storage capacìty is limited only by the space

available for additional storage tanks.

In certain embodiments, the high-pressure air stc.rage grid can be used throrrgh a

take-offvalve to recharge extemal SCUBA tanks, i lsuch tanks are beir.rg used for drvers.

Emergency air grid

The emergency air grid is a backup system for the pdnrary air grids. lt can provide

air to the vessel in lh: event of a system iailure. and it requrres rro slectrical or hydraulic

power to opel ate.

In many enr'uodimeriti, ttre emergercy air glid compnses at leasr one emergency

reserve air tank 33 which is ìsolated from the storage tanks oi the other air grid systems.

The reserve tank reoeìves air during the recharge process via a one-vvay valve. The

emergency air gliti can deirver air directly ftonr tLe l'eserve tank to the main ìntenal

ballast compafiments using a series olhoses and connectors known in the art.

In many embodiments, at least one needle valve is located in the passenger

oompartment 1 ofthe vessel which can be opened nranually to activate the emergency

ballast purge iines. Ifdesired, the pilot of lhe vessel czrn open lhe â1 least olle needle valve

to inject air drrectly into the main internal ballast system. When the vessel is on the

surface of the waler, tlìe enlergency reserve air- tank 33 may be nsed to rnanually purge

the main external ballast after a dive.

In many ernbodirnents, the air of the emergency air grid is stored at lrigh pressure.

In an ernbodiment the air of the ernergency aìr grid is stored in the emergencyresewe air

ta¡k 33 at 5,000 psi.

In certain embodin-rents, the enrergency air grid may be injected into hydraulic

rams through a special valve. lfthe hydraulic system ofthe vessel fails, the emergency air

grid can allow the lrydrar"rlic rams to function as pneunatìc rarns.
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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 30submersion 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  71 provides the additional advantage of allowing
submersion pods, chambers, and other components to be constructed in
various geometric shapes, not just limited to the spheres and cylinders
that are typical of pressure-resistant vessels. Another advantage provided
by the ambient-pressure air compensation grid is that 5 off-the-shelf
components not intended for use at high-pressure depths under water can
be used on the vessel at such depths. Air compensating these
components negates the need for special development or testing and
allows any sealed, water-resistant component to be modified and attached
to the ambient-pressure air compensation grid to prevent deformation
and/or water intrusion. In many embodiments, components are attached
to 10the ambient-pressure air compensation grid via a vent hose.       In
many embodiments, the ambient-pressure air compensation grid draws
air from the high-pressure air storage grid. The air is down-regulated by
an ambient core reader 22 that gauges the exterior ambient pressure and
equalizes the pressure across the ambient-pressure air compensation grid
to match the exterior ambient pressure. In a further 15embodiment, the
ambient-pressure air compensation grid draws air from the low-pressure ,
primary air grid. 
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ln an emboclimeut, the emergency reserve air tank 33 can be connected to the

plinary grìd via a vaìve to pt'ovicìe acldttional air if the primary grid neecls more air'

Lqlgcssuqpn¡qryaugd
The low-pressure primary air grirl receives air from the higJr-pressure ait storage

grid storage tanks. The high-pressure storage tanks connect through down-regulators.

In an embodiment of the subj ect invention, the air of the low-pressr"ue plimary aìt'

grid is 240 psi. The down-regulatofs can be set arrd valves, hoses, and connectors can be

chosen to give a hrgher pressure, if desired, up to the plessure of the high-pressure arr

system.

Jn embodiments of the ôubj ect invention, the low-pressue primaty air glid purges

the ballast compartments, vents battery tubes of hyclroger.r dunng charging, supplies the

passenger compaÍment vitalization system, supplies the passenger compaltment

conversion and breathing system, supplies the diver umbilical support, and/ol provides air

to the ambient pressrue air compensation gnd. In ce(ain embodimeuts, the low-ptessttte

prin-rary air grid perfotms all of these tasks.

ln celtain eubodiments, air fiom the low-pressure primary air grid is used to

purge water from tl.re ballast comparlrnents of the vessel at the end of a dive. This may be

done when the vessel is rising and is at a point just below the surface of the water.

Elect c or hydraulic valves'are used to release air üom the prirnary glid into the

secondary ballast.

In many embodiments, the low-pressure prinraty air gr-id comprises electric valves

in the battery tubes. While the batteries charge, the valve opels automatically, and air

flows ilrto tl.re battery tube at a low [ate. When the air pressnre iu the battery tube t eaches

a ce(ain pressur.e, a check valve at the otl-rer end of the battely tube opens, tlreleby

venting any hydrogen that may have been produced from the battery charge plocess to the

outside environment. In an embodir¡ent, the certait] pressuÏe needed to opell the cl-ìeck

valve is 0.5 psi.

ln many ernbodimelits, the low-pressure primary air gìd cornprises a gas-tìght

line that runs to the passenger cornpaltment 1. The gaslight line goes th'rough a valve that

can be ma.nually opened or closed. When the valve is open, air is allowed to erter tl.ìe

passenger compaÍment I and can be vented thlough the passenger- conpaúment's

dormant relief valve. This feature allows the hatch of the passenger compaltment I to be
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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
compartment 20 and open at the bottom to the free-flood
semi-controllable ballast zone surounding the compartment. Inside the
pipe, at least one float trigger is mounted. In an embodiment, three float
triggers are mounted and are each 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 25 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. 30 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  79 chambers that are
air-compensated. Any reasonably gas-tight box may be used for the
ambient core manifold. In many embodiments, the surface engine
compartment 20 serves as the ambient core manifold. In many
embodiments, as the pressure within the ambient core manifold becomes
5  slightly higher than the exterior ambient pressure, air forces water out
of the ambient core reader 22 until the floats drop and the switches
reopen. In alternative embodiments, any float, valve, trigger, pressure
sensor, or meter commonly known in the art can be used to regulate the
air. As the vessel rises toward the surface when it is underwater, the
exterior ambient 10  pressure of the water decreases. and the air in the
ambient-pressure air compensation grid' expands. In many embodiments,
the Valves used for delivery of air from the ambient-pressure air
compensation grid are closed, and the expanding air exits to the
environment through vents in the ambient core manifold by way of a pea
trap or any fbrm of one-way valve commonly known in the art. In an
embodiment, components vent back to the 15  ambient core manifold as
the air expands. In an alternative embodiment, components vent directly
to the external environment via pop-off or check valves placed on Ihe
components.       In many embodiments, in-line down-regulators are
placed at various locations on the vessel to compensate for
over-pressurization resulting from pressurization differences due to
distance from the ambient core reader 22. Each 12" above the trigger of
the ambient core reader 22 adds an additional positive pressure
difference of approximately 0.445 psi compared to the trigger of the
ambient core reader 22. In certain embodiments of the present invention,
each component that has an in-line down-regulator also has an
independent purge valve to allow it to vent. -25In many embodiments, the
ambient core reader pipe has a third float at the top of the pipe. lf water
reaches this float, a warning alarm is triggered on the control panel in the
passenger compartment indicating that the ambient-pressure air
compensation grid is not delivering enough air to prevent intrusion of
water. Causes include the vessel descending a rate that is too rapid for
the ambient-pressure air compensation grid to 



r0

7o

completeiy closed lvhile still refreshing the air ofthe passenger con.ìpaftment I. This is

especially useful when the vessel is on the surface oFthe water-, bnt the waves or weather

make l.raving the l-ratch oper.r a problem.

in certain e*rbodiments, the low-pressr-'-.e pfirnary air grìd can be usecl to

pressurìze the passenger compaÍment 1 , ifdesired. An injection valve can be opened to

allow air ftom the pnrnary grid to enter the passenger compaÍment I . I. an embodiment,

the valve is opened and closed rnanually. hr an altematrve embodiment, the pressure in
the passenger cornparlment I is regulated by a rneter system. once thepressure within the

passenger colì.ìpartment 1 is sliglrtly higher than the ambient pressure oLrtsìde the

passenger compàt1tnent l, an open or semi-closed breathing circuit can be used. ln an

open breathing circuit, the dormânt reliefvalve ofthe passenger compafment I is open

while the SCBA air from the low-pressnre primary air gid is continuously delivered.

This allows for less of the prre oxygelr store to be used, resulting in the abrlity to stay

urder rvale¡ fbr longer periods of time. hi a. senri-closetl breâthing circuit, a carbon

dioxide scn¡bber is used, allowing the same air ro be recyclecì ancl resnlting in a der;reased

tin.ìe to restore the SCBA air when the vessel is on tire surface of tJre rv¿rter.

In an embocli'rent, a compressor- is usecl lo eject air fiorn rhe passe'ger

comparlnlent 1 . The passenger con'rpartn]enr 1 is rnaintaincci at an iritcrnal pressuie of one

atmosphere, and renewable SCBA air stores a¡e used fcrr life suppor.t. Il an emborlime;nt,

the SCBA air stores are used in an open breathing cironìf. h an altemativr: embociinrent,

the SCBA air stores are used in a semi-closed breathing circuit.

I' certain embodìments, the low-pressure primary air gricl is usecl to provirie ail. lo

one or more divers r"rsing a lake-off comrectior.r, A SCBA regnlator may be used, and each

divel connects ir.rto the low-pressule plimarv air glicl using an umbi[cal support. Thls

allows divers to stay out on a dive for longer periocìs of time by overcoming the

restriction ol typical smaìl diver air stores.

Ambient-pressure air compç¡lLéati on grid

The ambie't-pressu.e air compensation grid provides air to ambient-pressure

submersion pods, chambers and cornpartments to allow them to rraintain ambient

pressure and avoid deformation and water inlrusìon when the vessel is deep under water.

This system provides the vessel with the option ofbeìng constructed with uraterials that

are of lighter weight than would typically be needed to resist pressure. This system
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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 vessel include check valves to
prevent over-pressurization. In an embodiment, the side tank ballast
compartments  73 comprise check valves that allow air to vent off if the
internal pressure exceeds the external ambient pressure by more than
about 2 psi. Any component can be directly air compensated by
connecting to the ambient- . pressure air compensation grid via a vent
hose or by being enclosed in a compartment or 5 submersion pod that is
connected to the ambient-pressure air compensation grid. In certain
embodiments of the invention, the surface engine compartment 20, the
side tank ballast compartments, the out drives, certain radar domes and
antenna domes, the hydraulic reservoirs, and the trim ballast tanks 3 may
all be directly air compensated by connection to the ambient-pressure air
compensation grid via a vent hose. 10 - .fn an,embodiment, the
ambient-presSure air compensation grid shares air lines with the
high-pressure air storage grid. In a further embodiment, the
ambient-pressure air compensation grid shares air line S with the
low-pressure primary air grid.       In many embodiments, the vessel uses
out drives with direct air compensation from the ambient-pressure air
compensation grid. Typical out drives are water sealed but 15 . can only
withstand a pressure differential of about TO psi between the interior and
exterior of the out drive. By connecting the out drives to the
ambient-pressure air compensation grid, the net pressure differential of
the out drive remains near 0 psi, preventing water from entering the out
drive.  20Oxygen grid       . The oxygen grid comprises at least one
oxygen tank 13 and a connection to the passenger compartment 1. In
certain embodiments, the oxygen grid also comprises regulator valves
and connectors known in the art.               In certain embodiments, a
carbon dioxide scrubber works in conjunction with the 25oxygen tank or
tanks 13. Any carbon dioxide scrubber known in the art may be used. In 
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provides the addttional advantage of allowing submetsion pods, chambers, and otliet

components to be coìlstructed in various geometric shapes. notjtlst limited to the spheres

and cylinders that are tlpical of pt'essure-resistallt vessels

AÌìothel advantage provided by the ambient-pressure aìr cornpensation grid is that

ofÊthe-shellcomponents not intended for use at high-pressure depths under water can be

used on the vessel at such depths. Air compensating these compouents negates the need

for special development or tesiing an<] a11ows any sealed, water-resistant conlponelrt to be

modlfred and attached to the ambient-pressrìre air compensation grid to prevent

defo ratior.r and/or water intrusion, In many embodiments, cotnponentS are attached to

the ambrer.rGpr essure air conr.pensation gnd via a vent hose.

In many emboclirnents, the ambient-pressttre air con-\pensation gnd draws air lÌom

the higlr-pressure air storage grid. The arr is dowr-r-regulated by an ambient core reader 22

tl.ìat gauges the exterior ambient pfessure and equalizes the pressure across the ambient-

pressure.aìr cornpensation grid to matclr the exterior ambient pressure. In a lufher

embodiflent, the ambient-pressure air compensation gncl drarvs ail fiom tbe lcw-pressure

, prirnary ail grid.

, In an embodilrent, the ambient core-reader 22 cornprises a piece ofpipe nounted

ver.tically inside the arnbient-pressufe cotr]pensated surface engine compatlment 20, In an

embodirnent, the pipe is approximateiy 18" long. The pipe is open at the top to the insicle

of the surface engine cornpaftment 20 ancl open at the bottoll to thc tiee-flood semi-

controllable ballast zone suu'ounding the compaltment. hside the pipe, at least oue float

trigger is rnounted, In an embodiment, tltree float triggers ate mounted and are each

separated fronr the next by a range of about tl]ree inclies to abollt lour inches. As the

a¡Ibient water pressùre increases when the vessel goes ttndel water, \À/atel lises up lhe

prpe. When water passes tlie first two float triggers, two elechic switches are closed.

when the second switch closes, an electl'ic valve opens to deliver air fì'o r au air grici,

snch as the low-pr.essur-e prin.rary air g|id or tl.re l.righ-plessure air storage grid. The air

fi.om the air grid is released directly into the snrface engiue cotnpafilrent 20. In certain

ernbodirr-rents, a single float trigger and a single electric switch are used'

ln certain embodiments, the air from the ambient-pressure air compensation grid

is distributed via an ambient cot e manìfold which connects via vent hoses ol piping to the

pods, chamber.s, and other components attaclred to tìre ambie:rt-pressure ait compensatiotl

grid. Vent hoses lead frol.n the arnbient core manifoìd to all of the components and
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. an embodiment, cartridges filled with soda lime are used as a carbon
dioxide scrubber. In embodiments of the invention, the oxygen is manually
introduced to the passenger :compartment 1 using a valve. In alternative
embodiments, the oxygen is  introduced to the passenger cOmpartment 1
using a meter system commonly known in the 30art.  74 Electrical System
Typical vessels capable of underwater operation make use of electrical
energy since combustion engines cannot be used at any significant depth
under water. Most vessels rely on battery storage and power generated
while surfaced. Some very large 5 submarines can-y significant fuel
reserves and batteries. The vessel of the present invention is the first
relatively small vessel capable of underwater operation that can generate
and store its own power for a dive, while carrying significant fuel reserves
and having sufficient range to make use of the fuel reserves. The total
dive time and propulsion time per deployment is much higher than typical
small vessels capable of 10underwater operation since the subject
invention can recharge its own batteries.       The subject invention has an
electrical system which comprises at least one alternator, at least one
battery, and at least one electrical grid. In many embodiments, the
electrical system comprises a series of alternators connected to the
surface engines 31 that generate electricity, a bank of batteries for power
storage, and an electrical grid of wiring, 15relays, and switches that
provide power to the electrical components of the vessel.       In
embodiments of the invention, when the vessel is operating on the surface
of the water, it uses its surface engines 31 for propulsion and generates
its own power from fuel stores via its alternators. While on the surface, the
alternators provide power to the electrical components of the engines and
power the electrical grids to run auxiliary  20 systems that the vessel may
include, such as lights, sensors, communications equipment, and an air
conditioning system. Additionally, the alternators charge the batteries in
the battery bank 12 to 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  25 vessel. In alternate
embodiments, electric motors drive hydraulic pumps to power hydraulic
thrusters. The battery storage powers the motors or thrusters, as well as
the auxiliary dive systems the vessel may include, such as lights, sensors,
communications equipment, and an air conditioning system. The motors
and thrusters allow the vessel to navigate under water at speeds
commonly attained by typical small submersibles. 
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chambers that are ail -compensated. Any reasonably gas-tight box nray be used fo¡ the

ambient co¡e manifold. In many et¡bodimeuts, the surface engine courpartment 20 seles

as the ar¡bient core mani fold.

In nany embocliments, as the pressure witl-rin the ambient core manifold becomes

slightÌy higher than the exterior ambìent pressure, air lorces water out ofthe ambient cor-e

reader 22 until tl'ìe floats drop and the switches reopen. ln altemative embodiments, any

float, valve. trigger, pr essure sensor. or metel commollly Lnow-I.ì in the art can be used to

rcgnlate the air.

As the vessel rìses toward tlle surlace when it is underwater. the exterior arnbient

pressule ofùe waler decreases. and the air in the ¿lnbient-pressure ail comperrsatior grid

expands. In many embodilnents, the Valves used for delivery oi air from the ambrent-

pressure air compensatloÍt grid are closed, and the expanding air exits lo the environnrent

through vents iu the ambient core n.ranifold by way of a pea trap or anv form ,:f one-way

valve commonly known in lhe art. hr an :mhcdiment. colnpollents ycnt back ta the

ambient cole llanifbld as the air expattls, br an ¿Lltemative embodiment, components v,nt

directly to the extemal envilonmeut via pofr-off or checì< v¿lvers plac--d on rlrc

corììp(-ìnentS.

In many ernbodirnents, in-lìne tlown-r'egulators are placeti at vzu.iour; ioc¿rtions on

the vessel to cotnpensate for over-pressutizaliod resulting flom pressurizatiorr cliffercrrctrs

due to clistance front the antbielrt core leade-r 22. Each l2'' abovc the tr.igger. oi the

ambient core reader 22 adds an additional positivo pressure difference ofapproximately

0.445 psi compared to the trrgger of tire ambient core reader 22. hr cerlaiir embodiments

ofthe present invention, each component that has an in-line dowlr-regr_rlator also has an

irrdcpcrrtlerrt pLrlge valve to rlluw it lo veltl.

ln many ernbodiments, the ambient core teader pipe has a third float ât tlìe top of

the pipe. lf water reaches this float, a warting alarm is triggered on the control panel in

the passenger corrpartment indicating that tlie ambient-plessnre air compensation gricl is

not delivering enough air to prevent íntrusion of water. Causes include the vessel

descending a rate that is 1oo rapicl for the ambi ent-pressure air compensation grid to

compensate, or a system malfunction. L.r case of such an alam, a pilot of the vessel

should cease to ciescend in the water.

In several embodiments, vâ1ioì.ts components of the vessel inchde check valves to

pÍevent over-pltssurization. ln an enbocliment, the side tank ballast compartments
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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 electrical system. Each system may
comprise a series of self-contained battery banks 12. The voltage level
and current type for each system will vary depending  75 on what specific
task the vessel may be expected to perfomi, and any appropriate voltage
may be used for each system. In an embodiment, the primary electrical
system is 96 volts direct current (VDC'), the secondary electrical system is
12 VDC, and the supplemental electrical system is 110 volts alternating
current (VAC). 5In embodiments of the invention, the primary electrical
system comprises banks of batteries connected in series. In an
embodiment, each battery bank comprises eight 12  V batteries, giving a
total system voltage of 96 V. In an alternative embodiment, each battery
bank comprises eight 30 V batteries for a total system voltage of 240 V. In
further alternative embodiments, a different number of batteries and/or a
different total system 10 voltage may be used. The primary electrical
system battery banks are connected to the electrical grid, and the primary
electrical system stores the majority of the power needed for operation of
the vessel while it is submerged in water, including directly supplying
motive power for the thrusters-or for the hydraulic pumps that drive
hydraulic thrusters. , The primary electrical system also recharges
the:secondary electrical system by means of 15DC-DC converters.       In
many embodiments, the primary battei-y banks are contained within
individual submersion pods comprising ambient pressure-compensated
pods or pressure hull tubes. The-pods or tubes containing the primary
battery ibanks may be positioned anywhere on or in the vessel, including
within the main ballast tanks or just under the deck within the 20 upper
body works 37 module. The pods or tubes holding each primary 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
transitions from a surfaced to submerged state.              The number of
primary battery banks will vary, and any appropriate number may 25be
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 
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col]-tptise check valves th¿it allorv air to vent off if the intemal pressure exceeds the

extemal at.ubient pressure by ntote than about 2 psi.

Any component can be directly air competrsated by connecling to the ambient-

pressure air compensation grid via a vent hose or by beir-rg enclosed in a compadment oI

submersion pod that is connected to the amtrienlpressure air compensatioll gdd. In

cerlain embodiments of the inventior-r, the surface engine compatlment 20, the side tank

ballast compafilrents, the out drives, cet"tain radar domes and antenna domes, tlle

hydraulic reservoirs, and the trim ballast tanks 3 may all be directly air compensâted l)y

comrection to the ambienlptessure air compensahon gnd via a vent hose.

h arr,etnbodiment, the antbient-pressure air compensation grid sliares air lines

with the hìgh-pressure air storage grid. hr a furtl.rer embodiment, the ambient-pressttre ait

compensatiolt grid sl.rares air lines with the low-pressure pnrnary air grid

In many enbodilnents, the vessel uses out drives with direct air compensatiolt

from tl.ie ambient-pressule air compensation grid. Typical out drives ate water sealedbut

can orrly wiihstand a pressure clifferential ofabout J,tì psi behveen the inte.rior and exterior

, of the out dïive. By connecting tl.re out drìves to the amLrient-pressure air compensatìon

grid, the net presstüe ditferential ofthe out drive remains uear 0 psi, preventitrg water

flont ettterittg tlìe ùt¡t drive.

ot<yeç!-grd

. The oxygen grid con.rprises at least orle oxygetr tank l3 and a connection to the

, passenger compaltment l. ln cerlain el.nboditÏents, the oxygen grid also comprises

regulator valves and connectors knowt.t in the art

I¡ certain embocli¡re¡ts, a carbon dioxide scnrbber works iu couj Ltt.tctioll with lhe

oxygen lank or tanks 13. Any carbon dioxide scl'ubber known in the art rnay be nsed. Ìn

au embodiment, cartlidges filled witl'r soila ljme at'e used as a carbon dioxide scrubber.

hr embodiments of the inventiot.t, the oxygen is manually lntroduced to the

passenger 'compartment 1 ttsing a valve. In altemative embodiments, the oxygen is

introduced to the passenger compafiment 1 using a meter sys{em commonly known in the

art.

The oxygen and carbon clioxide scrubber natenals typically must be replenished

when the vessel ls not al sea.
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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, and each  76 bank may be
turned off manually to isolate it in an emergency or so maintenance can
be conducted.       In embodiments of the invention, the secondary
electrical system comprises banks of batteries connected in parallel. In an
embodiment, one battery bank comprising two 12  5 V batteries is used.
Two additional 12 V batteries are present and typically kept disconnected,
but can be connected when needed as a backup supply. In further
embodiments, a different number of batteries, batteries with higher or
lower voltages, and/or additional battery banks may be used. The
secondary electrical system battery bank is connected to an electrical
grid, and the secondary electrical system provides  10 power for lighting
and cockpit (passenger compartment) controls and for engine starting
when the vessel is on the surface of the water. The secondary electrical
system also provides power for the supplemental electrical system by
means of a DC-AC inverter       The secondary electrical system batteries
may be located anywhere on or in the vessel, including the surface engine
compartment 20 or passenger compartment 1. In  15 many mbodiments,
the secondary battery banks are contained within submersion pods
comprising individual ambient pressure-compensated pods or in pressure
hull tubes. The pods or tubes containing the secondary battery banks may
be positioned anywhere on or in the vessel, including within the main
ballast tanks or jut under the deck within the upper body works 37 module.
The pods or tubes holding each secondary battery bank are  20 typically
designed with a buoyancy-to-weight ratio of approximately I so that they
will be near-neutrally buoyant. Additionally, the tube S may be located so
as to balance and stabilize the vessel as it transitions 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 electrical grid. This allows for entire banks 25or for individual batteries
to be changed out modularly for repairs or maintenance,as 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  30
system battery banks and in the secondary electrical system are
lead-acid, absorbed glass mat (AGM) type. AGM batteries typically
achieve a rapid rate of recharge (approximately 30 minutes to recharge to
80% capacity) without causing any significant decrease in battery life. In
alternative embodiments, silver-zinc batteries may be used. 
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Electrical Svstem

Typical vessels capable of underwater operation ntake use of electrical enetgy

since cor.nbustion engines cannot be used at any significant depth under: water. Most

vessels rely on battery storage and power generated while surfaced. Some very large

submarines cany significant fuel reserues ¿nd batteries. The vessel ol the present

invention is the first relatively small vessel capable of undetwater operation that can

generate ancl store its or,vn power lor a dive, while carrying signifìcant fuel reserves and

having sufficient range to make use of the fuel resetves- The totai dive time and

propulsion time per deplognent is much higlier rhan typical small vessels capable of

underwater operation since the sr"rbject invention can recharge its own battenes-

The subject inventíon has an electric,al system which comprises at least one

altemator. at least one battery, and at least one electlical grid. L.r many embodiments, the

electrical system cornprises a series ofaltemators co lected to the sru face engines 3l that

gelìerate eleclri:,ty, a bank olbatteries lor power siorage. and an electlical grid of wiring,

relays, and srviiches that provide po\¡/et to rhe elechical comFonents of the vesse[.

'In 
embodirne-nts of the inventlolr, tl,'iren the vessel is c¡retalin.e on the surface of

the water, it uses its surface engines 31 lor propulsion and generates its own power f}om

firel stores via its alternators. While ol the surface, the ah.ernators provìdepowertc the

electrical components of the engines and pûwer the electric¿rl grids to run arrxiliary

systelrs thât the vessel may iúclucle, srrch as lights, sensors, cor¡.ìn.ttrrì ications equipnrent,

and an air conditioning system. Additionally, the áltemators charge the batteries in the

batterlr bank 12 to store power. Whcn the vessei is submerged nnder water, the slLrface

engiles 31 shotild be inactive, anrl the battely storage provides po\¡/el to the electrical

syslenìs. Electl ic motors or thrusters are pl irlar ily used for propulsion ar.rd steerir.rg ofthe

vessel. In altemate embodiments, electric rrotors rlrive hydraulic pumps to Þower

hydlaulic thrusters. The battely stoÌage powers the motors or tl.ìnìsters, as well as lhe

auxjlìary dive systems the vessel nray iìrclude, such as lights, sensols, communications

equiprnent, and an air conditioning systern. The motors and thlusters allow the vessel to

narigate under wate¡ at speeds commonly attained by typical small snbmersibles.

In many embodiments, the vessel of the present invention has three electrical

systems, including a primary electric¿l system, a secondary electncal system, ând a

sr"rpplemeltal electrical system. Eâch system may compdse a. series of self-contained

battety banks 12. The voltage level and cnnent type for eacl.r system will vary depending
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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 electrical system battery banks
are recharged by at least one alternator. In an embodiment, the primary
battery banks are 96 V and are 5  charge.d by two 48V alternators
connected in series. The alternators are connected to the surface engines
via a pulley drive, allowing the primary batteries to be recharged when the
vessel is surfaced and the surface engines are running: hi an alternative
embodiment, two 96 V alternators in parallel are used to charge the 96 V
primary battery banks. In a further embodiment, one 96 V alternator is
used to charge the 96 V primary battery  10 banks. In yet a further
embodiment, one 240 V alternator is used to charge the 240 V primary
battery banks. The secondary batteries may also be charged by at least
one additional alternator, hi an embodiment, two 12 V alternators charge
two 12 V secondary batteries.          In embodiments of the invention, the
battery banks 12 are equipped with pressure 15and water sensor alarms.
The battery banks 12 also vent out any gas produced during the
reeharging process.       In many embodiments of the invention, the
supplemental electrical system is an alternating current system. In an
embodiment, the voltage of the supplemental electrical system is 110 V.
All supplemental electrical system alternating current electrical power  20
comes from-either-the-DG-AC- inverter from-the-secondary
electrical-system-or from an external source, such as the shore power
available at marinas. When connected to external power, a battery
charger slowly charges the primary battery banks to full capacity. The
supplemental eleatrical system powers any alternating current devices
connected to the vessel. This may include an alternating current air
conditioning system  25 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 is 110 VAC, and a 110 V computer,
power tool, or other device may be connected in the passenger
compartment and draw power from the supplemental electrical system.
30In 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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on whal specific task the vessel may be expected to perfomÌ, and âny appropriate voltage

maybe used lor eacl] system. hran embodilnent, the prìmary electfical systemis9óvolts

direct culrent (VDC'), the secondary electrical system is l2 VDC, and tl.re supplemental

electrical system is I l0 volts alternating cunent (VAC).

ln ernbocliments of tl.re inventiotl, the prirnary electrical system compúses banks

ofbatterìes connected in serìes. ln an emboclimer-rt, each battery bank compnses eight 12

V batteries, giving a total system voltage of 96 V. In an altemative embodiment, eacl]

battery bank comprises eight 30 V batteries for a total systern voltage of240 v. Lr furlher

altemative embodiments, a clifferent number of batteries andior a dl lferent total system

vollage may be used. The ltrimary electrical system battely banks are connected to the

electical grid, and the pnmary electncal system stores the majority ofthe power needed

for operation ofthe vessel while it is submerged in water, including directly supplying

motive power for the thnrsters or for the hydrauhc pumps that dlive hydralrltc thmsters.

, The primary electrical system also recharges the,seconda-ry electrical systetn by tneans of

DC-DC converlels.

In rnany ernboclìmellts, the prinary battery banks are contained within individual

submersion pods comprising ambient pressure-c<.rlnpensated pods or pressure hull tUbes.

The.pods or tubes corrttriniltg the primary battery banks may be posìtioned anywhere on

or in the vessel, including wìthin the main ballast tanks or just rurder the <leck within the

r-rpper bocly works 37 n.rodule. The potls o| tubes ho.lcling each primaty battery bank are

typically designed with a buoyancylo-weight ratio of approximalely I so that theywill be

near-neutrally buoyant. Additionally, the tubes rnay be located so as to balance and

stabilize the vessel as it tratrsitiot-ts from a snrfaced to submel'ged state.

The mrmber of plinrary battery banks rvill valy' and auy appropriate nltmber may

be used. In a¡ embodiment, four battely banks contained in presstrre l.rull tubes are ttsed.

ID an altemative erlbodiment, six battery banks contaìnecl in ambient pressul'e-

compensated pods are ttsed.

In tnany embodimeuts, each primary battery bank is designed such that it may be

quickly and easily disconnected from the electrìcal grid. This allor.vs for entire banks or

for individual batteries to be changed out modularly for repairs or naintenance, as well as

for battery upgrades or changes in battery type. Each battery in the plimary electlical

system may be comected [o a sensor so that it can be individÙally monitored, and each
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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 power to rams that may be
used to operate dive planes, the hatch, the surface engine 5 compartment
lid 11, and the out drive trim and steering. In certain embodiments,
hydraulic systems actuate valves throughout the vessel, such as in the
ballast system. In certain embodiments, hydraulic systems transfer power
to the thrusters.       In many embodiments, the vessel of the subject
invention comprises three separate hydraulib systems: the propulsion
hydraulic system, the auxiliary hydraulic 10system, and the control
hydraulic system. The three systems may share a common reservoir, but
each system typically has a separate source of power.       The propulsion
hydraulic system uses at least one electric motor powered by the primary
electrical system. In an embodiment, the propulsion hydraulic system
uses two electric motors powered by the primary electrical system. In an
embodiment, the primary electrical- system providing powfx to thr electric
motOrs comprises battery banks connected in Series giving a total output
o196 volts direct current. The electric motors drive hydraulic pumps that
supply fluid power to the thrusters. Solenoid valves can be used for
directional control. In many embodiments, the propulsion hydraulic system
provides power to a hull evacuation pump. The hull evacuation pump
ejects water from 20the interior of the hull lo help the sub rise to the
surface-from a submerged state.       Using a hydraulic system to power
the thrusters lowers the cost of building and increases the flexibility in
mounting the thrusters. In many embodiments, the vessel comprises
control valves that allow a single electric motor to power several thrusters:
In many einbodiments, the hydraulic system controls the delivery of
horsepower 25throughout the vessel, functioning as an effective
transmission.       The auxiliary hydraulic 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 30
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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bank may be turned off manuaìly to isolate it in an emergency or so r.nainterLance can be

conclucted.

ln embodiments ofthe invention, the secondary electrical syster.n comprises banks

ofbatteries connected in parallel, In an embodiment. one baltery bank comprising two l2

V batteries is nsed. Two addltional 12 V batteries are present and typically kept

disconnected, bnt can be connectecl when needed as a backup supply. ln further

embodiments, a diffelelt number of battelies, batteries with higher or lower ',¿oltages,

and/or additional battery banks may be used. The seconclary eiectrical systern battcry

bank is comected to an electrical gnd, and the secondaty electrÍcal system provides

porver for lighting and coclcpìt (passenger cûmpaÍment) controls and for engine starling

when thc vessel is on the surface of the water. The secondary electrical system also

provides power for the supplementtrl electlical system by means of a DC-AC irrveÉer.

The secondary electrical system batteries may be located an)¡where on or in tbe

vessel, inchxling tho snrlace enginù compmtnìent 20 or passenger compafiment 1- Ln

many i,nlbùdiments, the seccndar.y bzittery banks are containecì wrlhin submelsion porls

conplising ildividual ambient pi:essure-compensatecl pods orin pressure hull tubes. T'he

pods or tubes containirrg the secondary batlery banks may be positioned anywhet'e on or

ìn lhe vessel, including within the main ballast tarks or jnst under the cleck ,vithtn the

upper bodl¡ rvolks 37 module. The pods cr tubes holdiug each secondarybattery bank are

lypically desigued with a buoyaricy-to-weight ratio of approxin-rately i so that lhey vrill be

near-neutrally ìluoyant. Additionaìly, the tubes may be located so as to balance and

stabilize the vessel as it transitions Íiom a surfaced to $lbmerged st¿ìte.

In many embodiments, eacll secondarybattfly bank is designed such tllat it may

be quickly ar.rd easily discor-rnected fì'om the electrical grìd. This allows for entire batiks

ol' for indivìdual batteries lo be changeC out modular-ly for repairs or r.naintenance.as \{elL_

as ior batiery upgrades ol changerì in battery tlpe.

Any type of appropriate battely or batterv system with sufflcient storage may be

used for both the prirnary and secondary electrical system battenes. In ceflain

embodiments ofthe inventior-r, the individual batteries used both in the primary electrical

systern battery banks and in the secondary electrical system a.re lead-acid, absorbed glass

mat (AGM) type. AGM batteries typically achieve a rapid rate of recharge

(approxímately 30 minntes to recl.ralge to 80% capacity) without causing any significant

decLease in battery life. In altemative embodiments, silver-zir.rc batleries may be used.
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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 power unit driven by the
secondary electrical system to fill a hydraulic accumulator. The hydraulic
accumulator stores fluid 5  under pressure to be used by hydraulic
cylinders throughout the vessel. The hydraulic cylinders that use the fluid
stored by the hydraulic accumulator actuate the surface engine intake
vent, ballast control valves, main hatch, and dive planes. In many
embodiments, the hydraulic power unit is a hydraulic pump with a
close-coupled electric motor. In many embodiments, the secondary
electrical system that drives the hydraulic power unit 10comprises battery
banks connected in parallel that give an output of 12 volts direct current.
In-many embodiments, the hydraulic accumulator Comprises a switch.
When the stored fluid is used and drained from the hydraulic accumulator
to a certain pressure, the switch activates the hydraulic power unit to refill
the:hydraulic accumulator. The use of a 15  hydraulic accumulator
provides the advantage of not having to activate the hydraulic power unit
any time an actuator is used. Instead, the hydraulic power unit is activated
only when the pressure drops below a certain point. In the event of failure
of the hydraulic-power unit, the hydraulic accumulator also allows
operation of the actuators for a limited period of time until the stored flitid
is completely drained. 20. The subject invention will now be _described
with reference 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 25invention. EXAMPLE 1
The following embodiment of the present invention is a configuration that
may be useful for recreational or sporting purposes. 30A central
framework is used, comprising an I-beam or box tubing of corrosion- 
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Each battery irr a given battery bank does not need to be the same type, and nlany

drllerent batteries ar.rd battery systems are known in the aú.

In many ernbodiments. the pdmary electrical systeln battery banks are lecharged

by at least one altemator. In an embodimeut, the plimary battery batlks are 96 V and are

charge.d by two 48V altemators connected in series. The altemators are connected to the

surface engines via a pulley drive, allowing the primary batteries to be recharged when

the vessel rs surfaced and the surface engines are n:nnir.rg: In an altemative embodiment,

two 96 V altematol's in parallel are nsed to charge the ÇS V p¡irnaly battery banks. ln a

further embodir¡ent, olle 96 V altemator is used to charge the 96 V prinary battery

banks. fi yet a furlher embodiment, one 240 V alternator is used 1o charge tbe 240 V

primary battery banks. The secoudary battelies may.also be charged by at least one

additional altemator. Lr an embodiment, two 12 V altemators chalge two 12 V secondary

batteries,

In embodiments o1'the invention, thp battery banks I 2 are equipped with pressure

and water sensor alamrs. The battery banks l2 also vent out any gas produced during thc

rechalging process. :

In many embodiments of the invention, the supplemental electrical system is an

altematirig cun ent systen.Ì. In an etnboriimellt, thevoltageof the supplemental electrical

systemis110V. All supplemental electrical system alternating curuent electrical power

conres.from-eitherthe EG-AC rnvertet' from the secondary electncal system or from arl

exterLral source, such as the shore power available at marinas. When connected to

extemal powei', a battely cl.rager slowly charges tl.re pdnary battery banks to full

capacity. The suppler-nental electrical syslem powers auy alternating cuuent devices

ûonnected to the vessel. This may ir.rclucle ân altemating culrer.it air conditionittg system

ir the passenger conparhîent as well as any device connected in the passenger

compartnreut tllat operates at the same voltage as the supplemental electrical system. In

an erlbodirlent, the supplemental electrical system is 110 VAC, and a 110 V col]lputer,

powel tool, or other device may be connected in the passenger colìlpar1lÌlent and draw

power fronr the supplemental electrical systern.

ln many embodiments of the invention, all high-voltage wires in the electrical

systems ald electrical grid are kept outside the passenger compartmellt l . This reduces

the risk of fire in the passenger comparlment I .

30

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 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 5 exterior pressure
hull with hemispherical ends. The pressure hull is rated to a depth of 250
feet with a safety factor of 16 and is 15 feet long and 4 feet in outside
diameter. The material thickness, quality, and construction technique
meet the American Bureau of Shipping (ABS) standards for the depth
rating and safety factor. The interior of the passenger compartment is
outfitted with a metal or composite  10 box-tube framework upon which
the interior components are mounted. The interior trim is luxury style with
seating for five passengers, including a pilot, in a single row of seats. 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.
15The surface hull connects to the central framework either with glue or
using bolts connected to pre-drilled mounting holes. It is a V-shaped
powerboat-style planing hull, and with the side tanks attached, the
vessel's surface profile is in the general shape of a trimaran. The draft in
saltwater is about 20-24 inches, and the vessel displaces about 30,000
pounds of water with about 520 gallons of fuel and a moderate payload.
20 The interior of the surface hull contains the main internal ballast
compartments completely and their underlying free-flood semi-controllable
ballast zone, which in turn house the fuel cells and air tanks. The surface
hull also contains the surface engine compartment and a free-flood
semi-controllable ballast zone surrounding the surface engine
compartment aft. The exterior of the surface hull shell mates at the top to
the 25upper body works via glue or a gasket seal.       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 30depth
and has a volume of about 109 cubic feet 
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Hl¡draulic S)zstem

Many embodiments ol the subject inventìon compdse at lcast one hydraulic

systern to help transfer porver througl.rout the vessel. The hycìraulic systems transfer

po\¡/er to rams that may be used to operate dive planes, the hatch, the surface engine

compartment lid 11, and the out drive tr-im and steering. In cerlain embodiments,

hydraulic systems actuate valves throughout the vessel, such as in thc ballast system. In

certain embodiments, hydraulic systems transfer power to the thnÌstels.

In many enbo.liments, the vessel of the subject invention comprises lhree

separate irydraulic syslens: the propulsion hyclrauÌic system, the auxiliary hydraulic

system. and the cont¡ol hydrauiic s¡lstem. The three sysierns may share a common

reservol'r, but each system typically hzs a separate source of po''ver .

The propulsion hydraulic systern uses at ¡east one eleotric motor powered by the

primary electrical system. .[n an embodirnenl, the propulsion hydraulic systeln uses two

elerlric D)otors po,¡.'ered by the primary ele'--.trical systen. ln an emtrotliment, the nrinrary

*lectrcal system providìng powtr to lhe eleciiic motÔrs co'nìpñsês -oatlèry bárrìiS

colnectetf iu series giviug a total output ol'9ó volts direr,t cun'ent. l'he electric motors

clrive hydraulic punrps thât supply lìuìd power to I'he thruste.rs. Solelloid v¿rlves can be

used for tlirectional coutrol. hT many embodinients, the propulsion hydraulic system

proi'ides power To a hull evacuaiicn pump. The hull evacuation pump ejocts water tlom

the intericr cf the hull io I'elp il¡e sub rise to lhe surface ftolt a:;ubnterged state.

Using a hydraulic system to powel the thrusters lowets ihe cost of builcling and

incieases the flexibility in mounting tl:e tlrrusters. ln nrany er¡bodiments, the vessel

cornprises control valves that allow a single electric molor to porl'er several tlrrusters:

in many embo,limer.ìts, tlle hyCiaulic system corftols the 11eìivery of holsepower

througJrout the vessel, functioning as an effective transurission.

The auxiliary hydraulic system uses hydraulic ¡run.rps to generare fluid powei. 1'he

hydraulic pumps are driver.r by the surface engines 31. ln an embodiment, the vessel has

lv,zo 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, end

another pump drìves the air compressor used to recharge the ail supply of the vessel. ln

an altemative embodiment, the out!,ut flows from all hydraLrlic purnps are combined to

power the steering system for the surface out drives, the air compressor used to recharge

the air supplyofthe vessel, and the high voltage altemators.In a fur-ther enbodiment, the

30

Two 5,000 psi SCBA air compressors are used to charge the air system
and are located in the surface engine compartment and hydraulically
driven. Eight tanks, located in the main internal ballast compartments,
store 500 cubic feet each at 4,500 psi, with one  81 in reserve connected
to the emergency air grid. The primary air system operates at 240 psi via
down-regulators. The ambient core reader comprises a standard pipe and
a three-trigger float mechanism, and the surface engine compartment
functions as the ambient core manifold. 5The oxygen tanks are located in
the upper body works and are connected to the 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 stores
for 48-hour operation. The side tanks are air-compensated and are each
divided internally into two main 10external ballast compartments and one
forward trim ballast compartment. Each side tank is about 28 feet long,
and the combined volume of the side tanks is about 195 cubic feet.
The upper body works mounts to the central framework via bolts on
pre-drilled mounting points. The upper body works comprises a fiberglass
shell molded into two longitudinally-running side decks flanking the
passenger compartment, each about 3 feet 15 wide and about 13 feet
long. Molded fiberglass staircases on either side descend to the rear
deck, which is about 10 feet wide and about 4 feet deep and provides
attached seating for six passengers. A spoiler extends over the surface
engine compartment cover and is used for mounting antennae and the
radar dome. The interior of the upper body works is hollow and houses
the four battery banks 20 and the free-flood zones. The upper and lower
portions of the upper body works have a series of one-way flapper valves,
allowing water and air to enter and exit the assembly 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 25 ballast system. Pumps are used to assist in
water induction and expulsion. The four main internal ballast
compartments are open-bottomed rectangular boxes lined with ballast
liners and combine to give about 170 cubic feet in volume. Pea traps
connect each main internal ballast compartment to each main external
ballast compartment, and the exhaust pipe valve is located in the
passenger compartment. 
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output flows fÍorn all hydraulic pumps are combined to power any otl.ìer device rvhich

must dralv powel from the surface engìnes 31 .

The conhol hydraulic system uses a hydraulic power unit driven lry the secondary

electrical system to fill a hydraulic accumulator. Tl'Le hydraulic accumulator stores flltid

under pressure to be used by hydraLtlic cylinders throughout the vessel. The hydraulic

cylinders that use the fluid stored by the hydraulic accumulatot actuate the surface engine

intake vent, ballast control valves, main hatch, and dive planes. In many embodimeuts,

the liydraulic power unit is a hydrar-rlic pLrmp with a clóse-coupled electdc motor. In many

embodiments, the secondary electrical system that drives the hydlaulic power unit

cornprìses battery banks connected in parallel tl.rat give an output of 12 volts direct

cu ffenl.

. In many embodiments, the hydraulic accutnulator cbmprises a switch. When the

stored fluid is used and drained frorn the þdraulic acculnulator to a certain pressut e, the

s\¡i ttch activates tlie hyclraulic power unit to refill thehydra¡lic accumulator. The use ofa

hydraulic accunrulator provides tlie advantage of not having to activate the hyd|aulic

power unit any time an actuator is ttsed. lnstea<i, the hydraulic power unit is activated

only when the pressure drops below a certain point in the evelìt of fajlure of the

bydr.aulic.power unit, the hydrâulic accumulator also allows operation of the actuators for

a limited period of time until the stored flüid is complelely dtained

. The subject invention will now be.described with reièrence to examples of

dpecific configurations of the vessel.

. . It should be understood that the examples a,l.rd embodillents descdbed herein are

for illustrative purposes only. Many different configurations atld variations are possible,

as has been ciescribed, and are. to be it'rcluded within the spi t and pur-view of tl-tis

inventiort.

EXAMPLE I

The lollowing embodirneut of the present invention is a configuration that rnay be

useful for ¡ecreational or sporting pntposes.

A central fiamework is used, comprisir-rg an I-beam or box tubing of corrosion-

resistant metal or composite material. Appropriate cross-bracing is included to withstand

.sea conclitlons. The primary assemblies attached to the central framework include a

,15

20

25

30

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-compensated and combine to give about 19
cubic feet of volume.  8?       Surface power is provided by two
440-horsepower marine inboard diesel engines 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 5130 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 10factor. 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 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 15system, which operates at 110
VAC, is provided by an inverter mounted in the surface engine
compartment and attached to the secondary electrical system.       A
series of pumps located.in the surface engine compartment generates
hydraulic power which is distributed to the hydraulic grid. The pumps are
powered by electric motors connected to the primary electrical system
grid. Main hydraulic thrusters mounted  70 to the rear of the upper body
works, on either side of the rear deck, provide subsurface propulsion.
Forward and aft hydraulic thruster tubes provide yaw control Retractable
dive planes mounted 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 
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passenger compaúment, a surface hull, an uppel body works, a sulface engine

conlparlÍìlent, side tanks, and main intemal ballast.

The passenger compafiment mounts to the central framework vìa an extemal

series ofcorrosion-resistant metal or composite material bands. lt comprises a cylindrical

exterior pressure hull with hemispherical ends. The pressure hnll is rated to a depth of

250 feet with a safety factor of 16 and is 15 feet long and 4 feet in outside diameter. The

rnatelial thickness, quality, and construction technique meet the American Bureau of

Shippirrg (ABS) standards for the depth rating and safety factor.

The interior of the passenger compaftment is outfitted with â metal or composife

box-tube framework upon which the intenor components are mounted. The interior tnm

is lr-rxury style with seating for five passengers, including apilot, in a singìe row ofseats.

A rear-mounted aìr conditioner is included. The front has a control panel and multi-

scleen clisplay allowing opelation of all vessel systems, sensors, and instmments,

c.rnÍrecte'J via a computer mounted behi¡d the panel.

l'he surîace hirll connects lo thc cenirai lramework either with glue or using bolts

connected to pre-driiìed mountirlg hoies. lt is a V-shaped powerboat-style planing htr11,

end wirh tl'ìe side tanks attached, the vessel's surlaoe profile is in the general shape ofa

trimaran. The draft in saltwâter is about 20-24 inches, and the vessel ciisplaces about

30,000 pounds ofv/ater \Ã/ith aboùt 520 gallons offuel and a moderate payloa<l.

The inte¡ior of the surface hull codains the main inten.ral l¡allast compartnÌents

completell'and theil underlying free-floocl semi-controllable ballast zone, which in tum

house the fìrel cells ancl ¿ir tanks. Ihe surface hLrll also contains the surface engine

compartn.ìent and a free-flood sernì-contlollable ballast zone stmounding the surface

engine compaftrnent aft. 1'he exterior of the surface hull shell trates at the top to tlre

upper bodl' works via glue or a gasket seal.

Tl.re sui'face engine compar:tment is a box construcLed of cor r osìon-resistani metal

or conrposite material, and a hydraulically-actuated vent door at lhe top provides air

intake. A larger gasket, hinged at the rear and hydraulically-actuated, seals the entlre top

portion of the compartment. The sru'face engine comparlment ìs plessure-compensated at

depth and has a volume ofabout 109 cubic feet.

Iwo 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, localed

in the main intemal ballast compartments, stole 500 cubìc feet each at 4,500 psi, with one

25
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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 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, 30autopilot, 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
installed is about 13.5 feet, and the draft is about 20 inches. The height is
about 6 feet, 10 inches from the keel to the top of the passenger  83
compartment and about 8.5 feet from the keel to the top of the spoiler.
The vessel weighs about 26,000 pounds when dry. EXAMPLE 2 5The
following embodiment of the present invention is a configuration that
maybe useful for military 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 10passenger 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 conosion-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 15 600 feet with a safety factor of
seven and is 15 feet long. and 4 feet in outside diameter. The material
thickness, quality, and construction technique meet the American Bureau
of Shipping (ABS) standards for the depth rating and safety factor.
Additionally, the materials used for construction have a high NIJ threat
level resistance. 
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in reserve connected to the emergency air gricl. The p|imary air systerl operates at 240 psi

via clowr.r-reguìators. The alnbient core reader complises a standard pìpe and a three-

trigger float mechanism, and fhe surface engine compartment functions as the ambient

core manifold.

The oxygen tanks are located in tlie upper body works and are connected to the

passengel compaltlnent. Enough oxygen is present to supply 48 hours of life stlppoÍ to

five persorrs, according to ABS standards. A cartridge-type carbon dioxide sctubber is

mounted in the passenger compafiment with sufficient stoles for 48-hour operation'

. The side tanks are air-compensated and are each divided intemally into two marrr

extemal ballast compartments and ot-Le forward tnm ballast compartment, Each side tank

rs about 28 feet long, and the combined volume ofthe side tanks is about 195 cubic feet.

. The upper body works mounts to the centlal framework via bolts on pre-drilled

mounting points. The upper body wolks comprises a fiberglass shell molded lnto two

longitudinatly-nrnt]ing side decks flanking tlie þassenger compaltment, each about 3 feet

wide and about l3 feet long. lvlolded lìberglass staircases on either side descend to the

rear deck, which is about l0 leei wide and about 4 feet deep and provides attached

seatìng for six passengers. A spoiler extet.rds over the surface engine compatttnent cover

ancl is used for morurting antennae and the radar dome

The interior ofthe upper body works is hollow and houses the four battery banks

at]d the free-flood zones. The upper and lower poftions of the upper bocly works have a

series of one-way flapper: valves, allowing water and air to entel and exit the assenbly

during submersion and surfacir]g. The lou,er portion is open at the rear to free-flooding

ser¡i-controllecl ballast section sunoundiug the surface engine compaltlnelÌt'

'Ihe hull ga[es opell to frce-flood ateas in the lowe,r-. stu'làce hu]l to lìlJ or: purge the

ballast systenr, Pumps are used to assist in water induction ancl expulsion. The fout main

internal ballast compal tmetìts are open-bottomecl l ectangnlat' boxes lined with ballast

liners and conbine to give about 170 cul¡ic feet iu volul1e. Pea traps connect each main

intemal ballast compartment to each r¡ain extemal ballast compartment, and the exhaust

pipe valve is located in the passenger compartment'

The trim ballast system comprises stability tanks moutrted rearward above the

deck and for-ward trim tanks located in the side tanks. The triln ballast compartments are

air-compensated and combilre to give aború l9 cubic feet ofvolunre.
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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 five passengers, including a pilot,
oriented longitudinally. 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
25seating 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 3030,000 pounds of water with about 520 gallons of fuel and a
moderate payload.       The interior of the surface hull contains the main
internal ballast compartments completely and their underlying free-flood
semi-controllable ballast zone, which in turn house the fuel cells and air
tanks. The surface hull also contains the surface engine  84 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 or a gasket seal.              Torpedo placements are included
on the surface hull with connections to the 5electrical grid to provide for
computer fire control.       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 10depth and has a volume of at least 110 cubic
feet. The materials used for construction of the compartment are of a high
MIS threat level resistance.       Two 5,000 psi SCBA air compressors are
used to charge the air system and are located in the surface engine
compartment and hydraulically driven. Eight tanks, located in the main
internal ballast compartments, store 500 cubic feet each at 4,500 psi, with
one 15 in reserve connected to the emergency air grid. The primary; air
system operates at 24-0 psi via down-regulators. The ambient core reader
compriSes a standard pipe and a three. trigger float mechanism, and the
surface engine compartment functions as the ambient core manifold. 
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Surface por.ver is provided by two 440-horsepower marine inboard diesel engines

through a two-to-orÌe gear ratio transrnissiou, generating aboLrt 3,400 foot-pour.rds of

torque at maximum th!:ust. Out drives, lvhicl.r are pressul:e-compensated at depth, provide

surface propulsion. Foul collapsible baffle-lined variable displacenrent firel cells ofabout

130 gallons each are located inside the main intemal ballast compartmelÌts.

Two altemators, driven by the surface engitles. provide power to the electrical

system. Four battery banks, each encased in a sìibmersion pod, provide electrical storage

to the primary electrical system, which operates at 9ó VDC. Each submersion pod is a

tubular pressure hull olmaterìal and construction rated to the maximum depth wjth safety

facror. þlach battery banì< has eighl lead-acid l2-volt AGMllpe dry cell batteries

connected in series.

The seconcìary elechìcal systen operates at l2 VDC, and is provided elect cal

storage by two ïead-acid AGMlype dry cell batteries mounted in the surface engine

compaÍÍnent, wittr ¿rn adtlitional emelgency reserve battery. Ttre supplemental electrical

systen r. which opËrates at I l0 V.,\C, is provi'.led by aii irrverler mounted in rhe surtâce

eirgine compartnrenÌ alld attached lo the seconclary electlical systern.

A series ofpumps located'in the surface engine comparlment generates hydraulic

porver which is distributed to the hydraulic grid. The pumps are powered by electric

motors connected to the plirnary electrical system g¡icl. Main hlrdraulic tl¡"usters rnorurtecl

to the rear of the uppel bodv rvorks, on either side of tne rear deck, provide subsnltãce

propulsion. Forward and aft hyùaulic thruster tnbes plovide yaw control Retractable

dive planes mounted in the forward portion ofthe upper body works assenlbiy assist pitch

and roll control.

The surface engines drive pumps via power takeoffs 1o provrcle power to tl.ìe

auxiliary hydraulic system, which provides trim and steering to the out drives. The

control hydraulic system actuates valves, dive planes, and vent, and rs driven by a pump

attached to an electric motorpowered bythe secondary electrical system grid with power

stored in an accumulatol.

The vessel is outfitted with GPS, radar, forward- and downward-selsing sonar,

autopilot, and chart plotting. Extemal antelïlae are pt'essure-compensafed.

The entire vessel is al¡out 32 feet in lengtl.r and about 28 feet lolg at the waterline.

The total beam with side tanks installed is aboLrt 13.5 feet, and the draft is about 20

inches. The height is about 6 feet, 10 inches from the keel to tlie top of the passenger
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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 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  25is about 28 feet long, and the combined volume of the
side tanks is about 195 cubic feet. The side tanks are constructed of a
material 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 30 wide and about 13 feet long. Aluminum staircases on
either side descend to the rear deck, which is about 10 feet wide and
about 4 feet deep. The profile is radar-minimized, and a radar-absorptive
coating is used.  85        The rear and side decks have hard point and grid
attachments where gun mounts or missile launchers can be attached.
Additionally, wells are constructed into the decking so guns or missiles
can be retracted into submersion pods. Submersion pods are present for
housing munitions as well. 5The interior of the upper body works is hollow
and houses the four battery banks and the free-flood zones. The upper
and lower portions of the upper body works have a series of one-way
flapper valves, allowing water to enter and exit the assembly during
submersion and surfacing. The lower portion is open at the rear to the
free-flooding semi-controllable ballast section surrounding the surface
engine compartment.  10 The hull gates open to free-flood
semi-controllable ballast zones in the lower surface hull to fill or purge the
ballast system. Pumps are used to assist in water induction and
expulsion. The four main internal ballast compartments are
open-bottomed rectangular boxes lined with ballast liners and combine to
give about 170 cubic feet in volume. Pea traps connect eadh main internal
ballast compartment to each main external 15ballast compartment, and
the exhaust pipe valve is located in the passenger compartment.        The
trim ballast system comprises stability tanks mounted rearward above the
deck and forward trim tanks located in the side tanks. The trim ballast
compartments are air-compensated and combine to give about 19 cubic
feet of volume. 
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compadrîer.ìt and about 8.5 leet frorn the keel to the top of the sporler' The vessel weighs

about 26,000 pounds when dry.

EXAMPLE 2

The lollouing embodiment of the present invention is a configttration that maybe

useflrl fot military purposes.

A central lramework is used, cotnprising ar.r l-beam or box tubing of conosion-

resistant metal or composite material. Appropriate cross-bracing is included to withstand

sea conditions. The primary assemblies attacl.red to the central framework include a

passenger compaltl.ìrent, a surlace hull, an upper body works, a surface engine

compartnent, side tanks, and main internal ballast.

fhe passenget compaftrnent n.ìoullts to the celrtral fiamework via an extemal

series of conosion-resistant metal or cor]]posite material bands. It comprises a cylindrical

exterior pressure hull with hemispherical ends. The pressure hull ìs rated to a Cepth of

600 feet with a safêty factor of seven and ts l5 1èet long and 4 feet in outside diameter.

The matenal th ickness, quality, and cotlstruction techllique meet the Amel icatl Bureau of

Shipping (ABS) standards for the depth rating and safety factor' Adclitionally, the

materials used for coustruction have a high NIJ threat level resistance.

The interior of the passenger compattment is outfitted with a metal or cornposite

box-tube framework upon which thc interior cot'npoltents are mou|ted. The interior

allows seating for five passc.ngers, including a pilot, oriented longitudinally. A rear-

mounted air conditioner is included. The front has a control panel and multì-screen

display allowing operation ofall vessel systems, seusors, aud instruments, connected via

a conìputer. r.nounted behi-rd ihc panel. Co-pilot cont|ols are il.rcludecl in the general

seating area.

The surface hull corlnects to the cantral û alnework either with glue or using bolts

colrnected to pre-drilled mounting holes. It is a V-shaped powel'boat-style planing hull,

and with the side tanks attached, the vessel's sut'face proftle is in the general shape ofa

trimaran. The draft in saltwater is about 20-24 inches, and the vessel displaces about

30,000 pounds olwater with about 520 gallons offuel and a moderate payload

The interior of the surface hull contains the main intemaì ballast corlpadments

completely and their underlying free-flood serni-controllable ballast zone, which in tum

house the fuel cells and air tanks. The siuface hull also contains the surîace engine
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Surface power is provided by two I400-horsepower turbine engines. Jet
drives,  20 which are pressure-compensated at depth, provide surface
propulsion. Four collapsible baffle-lined variable displacement fuel cells of
about 130 gallons each are located inside the main internal ballast
compartments.        Two alternators, driven by the surface engines,
provide power to the electrical system. Four battery banks, each encased
in a submersion pod, provide electrical storage  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 battery bank has eight silver-zinc 12-volt
batteries connected in series.       The secondary electrical system
operates at 12 VDC, and is provided electrical storage by two silver-zinc
batteries mounted in the surface engine compartment, with an  30
additional emergency reserve battery. The supplemental electrical
system, which operates at 110 VAC. is provided by an inverter mounted in
the surface engine compartment and attached to the secondary electrical
system.  86       A series of pumps located in the surface engine
compartment generates hydraulic power which is distributed to the
hydraulic grid. The pumps are powered by electric motors connected to
the primary electrical system grid. Main hydraulic thrusters mounted to the
rear of the upper body works, on either side of the rear deck, provide
subsurface 5propulsion. Forward and aft hydraulic thruster tubes provide
yaw 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
10stored in an accumulator.       The vessel is outfitted with military UPS,
radar, forward- and downward-sensing sonar, autopilot, and chart plotting.
External antennae are pressure-compensated. Additional military
communication devices are present in submersion pods. The entire vessel
is about 32 feet in length and about 28 feet long at the waterline. 15 The
total beam with side tanks installed is about 13.5 feet, and the draft is
about 20 inches. The height is about 6 feet, 10 inches from the keel to the
top of the passenger compartment. The vessel weighs about 26,000
pounds when dry. 
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comparhlent and a fiee-flood section sutrou.ìding tlre surface engine corlparlment aft.

The exterior ofthe surface hull shell mates at the top to the upper body works via glue or

a gasket seal.

Torpedo placements are included on the surface hull with corulecrions to the

electrìcal grid to provide for computer fire control.

The surface engine compaÍment ìs a box constmctecl of con osion-¡esistant metal

or composite material, and a hydraulically-actuated vent door at the top provides air

rntake. A larger gaskel, hinged at the rear and hyrlraulically-actuated, seals tbe entile top

porlion of tlre compartrnent, The surtàce engine compaÌ1ment is pressr-lre,compensated at

depth and has a volume ofat least I 10 cubic leet. The rnaterials used 1br construction.of

the comparlment are of a high NIJ threat level resistance.

Two 5,000 psi SCBA ail compressors ale used to charge the air-. system and are

locatecl in the surface engine compaltment ând hydraulically dt'iven. Eight tanks, located

ìn tLre r¡.a;n ir,"ten.ral ballast conrpartments, store 500 cubic fêet each at 4,500 psi, rvitb one'

irr rescrr¡e coirrrected io the emergency air grid. The prinary air system operates at 240 psi

':ia dolvn-regulatols. The alìtbient core reader cornplises a slaldard pipe an<ì a three-

trigger tìoat rnech¿rnism, and the sulface engine comparlment functions as the ambient

cc're rnanil'old.

Tliè oxygen tañks are lócatéd in thr: Lrþper bôdy works and aie conllected io thè

È)assenger conpartlnent. Etrough oxygerr is present to supply 48 hours of lifè supporl to

five persons, according to ABS standards. A cartridgeìype carbon dioxide sclubber is

mounteLl. in the passenger compartnent with sr¡fficie¡1 stotes for 48hor-u operation.

The side tanks are air-compensated and a¡e each dlvided intemally into two main

erte¡r¿rl ballast compartments and one forward trim b¿r11ast compattment. Each side tank

is about 28 feet long, and the combined volume of the side tanks is about 195 cubic feet.

The side tanks ale consûucred of a materiai v/ith a high NIJ thi-eat level resistance.

The upper bocly works mounts to the centr¿ìl fi amewot'k 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 compadment, each about 3 feet

wide and about l3 fèet long. Aluminum staircases on eithet' side descend to the rear deck,

which is about 10 feet wide and about 4 feet deep. The profile is radar-mir.rimized, and a

radar-absorptive coating is used.
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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 material. Appropriate cross-bracing
is included to withstand sea conditions. The primary assemblies attached
to the central framework include a 25passenger 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 30 600
feet with a safety factor of seven and is 15 feet long and 4 feet in outside
diameter. The material thickness, quality, and construction technique
meet the American Bureau of Shipping (ABS) standards for the depth
rating and safety factor. The front end is  87 composed of acrylic, and
there is also acrylic in the lower and upper portions of the passenger
compartment.       The interior of the passenger compartment is outfitted
with a metal or composite box-tube framework upon which the interior
components are mounted. The interior 5  includes a folding berth for
sleeping accommodations, a marine sanitation device, and seating for two
passengers, including a pilot. 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.
The surface hull connects to the central framework either with glue or
using bolts 10connected to pre-drilled mounting holes. It is a displacement
hull. The draft in saltwater is deeper than that of the previous examples,
and the vessel displaces around 40,000 pounds of water with a full fuel
load and heavy payload. 
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The rear and side decl<s have hard point aud gnd attachmeuts where gun mouttts

or missile lannchers canbe attached. Additionalìy, wells are conshucted into the clecking

so guns or missiles can I¡e refracted into subtlersion pods. Submersion pods are present

lor lrousing nrunitions as well.

The intelìor ofthe upper body works is hollow and houses the four battety banks

and the free-flood zones. The upper and lower portions ofthe upper body works have a

series of one-way flapper valves, allowing water to enter and exit the assembly during

submersion and surfacing. The lower pofiion is open at the rear to the fi'ee-flooding semi-

contlollable ballast section sunounding the surface eugine compatlment.

The hull gates open to free-flood semi-cor.rtrollable ballast zones in the lowet

surface hull to {ì11 orpurge the ballast system. Pumps are used to assist in water induction

and expulsiolr. The lour main ìutemal ballast compartments are open-bottomed

rectangular boxes lined with ballast liners and combine to give about 170 cubic feet in

volunre. Pea lraps comrect eacli main intelnal ballast compdttment to each maiu extemal

ballast compartnrent, and the exhaust pipe valve is located in the passenger compafiment.

The tr'ìm ballast system complises stability tanks moulted rear-watd above the

deck and lorward trim tanks located in the side tanks. The trim ballast conpartments al e

air-cornpensated and combine to give about l9 cul¡ic feet of volume.

Surface power is provided by two l4O0horsepower turbine engines Jet drives,

whìch are pressure-con.ìpensated at deptll, provide surface proprrlsron. Four collapsible

baffle-lined vanable displacement fuel cells ofabout 130 gallor.rs each are located inside

the rnain intemal ballast compaÉments.

T\ryo alternators, driven by the surface engines, provide power to the electrical

systel.n. Four Datlery banlcs, each encased ilt a submersiotr pod, provìde elecLncal storage

to the primary electrical system, wl.ucl-t oper-ates at 96 VDC. Each sttbmelsion pod is a

tubular pressure hull of matedal and constrLrction rated to the naxilnrun depth with safety

factor. Each battery bank has eight silver-zinc 12-volt battelies connected in series

The secor.rdary electrical system operates aI 12YDC, and is provided electrical

storage by two silver-zinc batteries mounted in the surface engine compafiment, with an

additional emergency reserve battery. The supplemental electrical systern, which operates

at 110 VAC. is provided by an inverter mounted in the surface engine compartment and

attached to the secondary electncal system.

30

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. 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 or a gasket seal. Part of
the surface hull is constructed of acrylic to provide a viewing window
through the bottom of the passenger compartment. 20.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. 25Two 5,000 psi SCBA air
compressors are used to charge the air system and are located in the
surface engine compartment and hydraulically driven. Eight tanks, located
in the main internal ballast compartments, store 500 cubic feet each at
4,500 psi, with one in reserve connected to the emergency air grid. The
primary air system operates at 240 psi via down-regulators. The ambient
core reader comprises a standard pipe and a three- 30trigger float
mechanism,and the surface engine compartment functions as the ambient
core manifold.       The oxygen tanks are located in the upper body works
and are connected to the passenger compartment. Enough oxygen is
present to supply at least 48 hours of life  88 support to two 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 5  external ballast compartments and one forward
trim ballast compartment. Each side tank is about 28 feet long, and the
combined volume of the side tanks is over 350 cubic feet.       The upper
body works mounts to the central framework via bolts on pre-drilled
mounting points. The upper body works comprises a fiberglass shell
molded into two longitudinally-running side decks flanking the passenger
compartment, each about 3 feet 
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A series ofpumps located in the surface engine cornpartment gerìerates l.rydraulic

power r.vhich is distributed to the hydraulic grid. The pumps are powered by electric

motors connected to the primary electncal system grìd. Main hydraulic thmsters mounted

to the rear ofthe upper body works, on either side of the ¡ear deck, provide subsurface

propulsion. Folward and aft hydraulic thruster tubes provide yaw control.

Tlie surface engines drive pumps via power takeoffs to provrcle power to the

auxiliary hydraulic system, which provìdes trim and steering to tl'ìe out drives. Tlie

control hydrarrlic systenr actuafes valves, dive planes, and vent, and is driven by a pump

attached to an electric molor powered by the secondary electrical systern grid with power

stoted in a¡ accumulator-

The vessel is outfitted with military GPS, radar, forwald- and downward-sensing

sonar, autopilot, and chafi plotting. Extemal anlennae aíe pressLlre-colnpensared.

Additional military communication devices are present in submersion pods.

The entire vessel is about 32 feet in length and about 28 lèet long at llie rvaterline.

The total bea.nr with si<le t¿urks installed is about 13.5 feet, and the rlraft is about 2i-t

inches. The hoight is about 6 feet, I 0 inches lronl the keel to the top of the passe¡ìger

conrparlmeut. The vesseì wei¡¡hs about 26,000 pountls when dry.

EXAMPLE 3

The lollowing enrbodlment o1-thepresent invention is a coufiguration thatnraybe

useful lor industrial p urposes.

A central framework is rLsed con,pr:ising an i-beam or box tnbing of corrosion-

resistant metal or composite material. Appropriate cross-bracing is inchrded to withstand

sea conditions. Tl.re plinrely asseml¡lies attached to the centrai franework inchrde a

oassenger compa¡tment, a surface hull, an upper body wolks, zL surfãce engine

compartnlent, side ranks, ând nlain intemal ballast.

The passenger compaltment mounts to tl.re central fi-amework vi¿ an extelnal

series ofcorrosion-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 ofseven and is 15 feet long and 4 feet in outside diârneter.

The rnaterial thickness, quality, a d construction technique meet the A¡rerical Bureau of

Shipping (ABS) standards for the depth rating and safety factor, The fì'ont end is

t5

z0

?-5

30

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 the upper body works is hollow
and houses the four battery banks and the free-flood zones. The upper
and lower portions of the upper body works have a series of one-way
flapper valves, allowing water to enter and exit the assembly during
15submersion 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 system. Pumps are used to
assist in water induction and expulsion. The four main internal ballast
compartments are open-bottomed rectangular boxes lined with ballast  20
liners and combine to give about 170 cubic feet in volume. Pea traps
connect each main internal ballast compartment to each main external
ballast compartment, and the exhaust pipe valve is located in the
passenger compartment.           The trim ballast system comprises stability
tanks mounted rearward above the deck and forward trim tanks located in
the side tanks. lie trim ballast compartments are 25air-compensated and
combine to give about 19 cubic feet of volume.       Surface power is
provided by a single 440-horsepower marine inboard diesel engine
through a two-to-one gear ratio transmission, generating about 3,400
foot-pounds of torque at maximum thrust. Out drives, which are
pressure-compensated at depth, provide surface propulsion. Four
collapsible baffle-lined variable displacement fuel cells 30of 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  89 tubular pressure hull of material
and construction rated to the maximum depth with safety factor. 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 
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composed of acrylic, and there is also acrylic iu the lower and upper portions of the

passenger compartl.nent.

The interior ofthe passenger cottparturent is outhtted with a nletal or composite

box-tube h'anrework upor.r which the interior components are mounted. The interior

includes a folding berlh for sleeping accomnrodations, a marine sanitation device, and

seating for two passengers, including a pilot. The front has a control panel and multi-

screer.r drsplay allowing operatiotl of all vessel systems, sensors, and insttuments,

connected via a comprLter mounted behind tl.re panel.

The surface hull connects to the central fi-amework either with glue or using bolts

connected to pre-dnlled rnounting holes. It is a displacernent ìrull- The draft in saltwater

is deeper than that of the previous examples. and the vessel displaces around 40,000

pounds of water with a full fuel load and heavy payload.

The interior ofthe surface hull contains tlre nrain infemal ballast compartnlents

cornpletely and therr underìying free-flood zcne, which in tltrn housethe fi¡el cells and air

tanks. The sufface hull also contains the surface enginc compartnent aud a lree-flood

section surrounding the surface engine compatment aft. The exterior ofthe surface hull

slrell mates at the top to the upper bocly works,via glue or a gasket seal. Patt of thc surface

hr.rll is colrstmcted of acrylic to provide a viewing window through tl.re bottorn of the

passenger compartment.

The sr.rrface engine compaltnreÍìt is a box cor.rstmctetl of cot'r'osion-resistani metal

or composite material, ard a hydraulically-actuated vent cloor 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 compaútnent is pt essure-compensated at

depth and has a vohu.ne of aboLrt 60 cubic feet.

Two 5,000 psi SCBA air compressols are usecl to charge the air system and are

located in tl.re surface engine comparlment ancl hyclraulically driven. Eight 1auks, located

in the main intemal ballast compar'ünents, store 500 cubic leet each at 4,500 psr, with one

in reser-ve connected to the emergency ail grid. The prirnaty air system operates at 240 psi

via dowr-regulators. The ambient core reader comprises a standard pipe and a tlree-

trigger float mechanism, and the surface engine cotnpartment functiot.ts as the ambient

core lrraniFold.

The oxygen tanks æe locatecl in the upper body works and are connected to the

passenger compartment. Er.rough oxygen is present to supply at least 48 houls of lile
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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 system, which operates at 110 VAC,
is provided by an inverter mounted in the surface engine compartment
and attached to the secondary electrical system. A series of pumps
located in the surface engine compartment generates hydraulic 10 power
which is distributed to the hydraulic grid. The pumps are powered by
electric motors connected to the primary electrical system grid. Main
hydraulic thrusters mounted to the rear of the upper body works, on either
side of the rear deck, provide subsurface propulsion. Forward and aft
hydraulic thruster tubes provide yaw control. The surface engines
belt-drive pumps to provide power to the auxiliary hydraulic 15 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,forvvard-- and downward-sensing sonar, 20autopilot, 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 installed is about 13.5 feet, and
the draft is about 40 inches. The height is about 6 feet, 10 inches from the
keel to the top of the passenger compartment. The vessel weighs about
30,000 pounds when dry.  90 CLAIMS         1. A purpose-configurable
submarine comprising: a surface hull; a surface engine compartment
housing at least one engine; a ballast system comprising at least one
ballast compartment; and 
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suppoft to two pelsons, accotding to ABS standards, A caÍridge-type carbon dioxide

scntbber is mounted in the passenger colllpafiment with sufficient stores for 4S-hour

ope¡atiolì.

The side tanks are air-competrsated and are each divided intemally ìnîo two main

external ballast compaÉments and one forward trirn ballast compartment. Each side tank

is aborf 28 feet long, and the combined volume of the sìde tanks is over 35Cl cubic feet.

The upper body wolks mounts to the central lramework via bolts on pre-drilled

mounting points. The upper body works conprises a fiberglass shell molded into two

longitudinally-running side decks flanking the passenger comparhrrent, each about 3 feet

wicle and about l3 lèet long. Four extra fuel cells, doubling the luel load, are present on

the upper body works. Mounting for two manipnlator anns is also present.

The interíor of the upper bodyworlis is hollow and hor-rses the four batterybanks

and the free-flood zones. The upper and lower portìols of the upper body woll(s have a

series of one-way Íìapper va.lves, allowing water'.o enter ancl exif the assembly dLÌring

su'bmersion and sullacing. The lo*,er portion is open 3t the rear to free-fìooding semi-

controlied ballast section surroru.rding the sr"u fàce engine compartment.

The hull gates open to free-floorl areas in the lower surface hulì to fill orpurgethe

Lrallost system. Pumps are used to assist in waier induction and expulsion. The four main

intemal bailast conìpartments are oÍ,en-bottotnecl rectangllar boxes lined with ballast

liner-s ¿md conbir-re to give about 170 cLlbic feet in volur''re. Pea traps connect each main

intemal ballast compaftment to each main extemal ballast compartment, and the exhaust

pipe va.lve is located in the passenger compafin'lent.

The trim ballast system comprises stability tanks mounted realward above the

deck ar.rd fom,.ard trill tanks located in the sjde tanks. lhe ttim ballasl compartments irre

air-compensated and combine to give about I9 cubic feet of volume.

Surface power is provided by a single 44O-horsepower marine inboard diesel

engine through a two-to-one geff ratio transmission, generating about 3,400 footpounds

of torque at maximum th¡ust. Out drives, which are presslue-compensated at depth,

provide surface propulsion. Four collapsible baffle-lined variable displacement fuel cells

of about 130 gallons each ale located inside the main internal bâIlâst compafiments.

Two altemators, driven by the surface engines, provtde power to the electrical

system. Four battery banks, each encased ìn a submersion pod, provide elecrrical storage

to the primary electrical system, which operates at 96 VDC. Each submersion pod is a
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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.        2. The submarine according to
claim 1, wherein said passenger compartment comprises a pressure hull.
3. The submarine according to any of claims 1-2, further comprising a
central framework; wherein the surface hull, the surface engine
compartment, and the passenger compartment are each attached to the
central framework.        4. The submarine according to any of claims 1-3,
wherein the ballast system comprises at least one fully-controllable ballast
compartment, and 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.        5. The
submarine according to any of claims 1-4, wherein said surface hull is a
planing hull.        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.  91       7. The submarine according to any of claims
1-6, further comprising at least one variable displacement fuel cell
disposed within at least one ballast compartment.       8. The submarine
according to any of claims 1-7, comprising at least one internal ballast
compartment contained within said surface hull and at least one external
ballast compartment contained within at least one side tank.        9. The
submarine according to claim 8, 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.       10. A submarine comprising: a
planing hull; means for propulsion; and 
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tubular pressure hull of mater-ial and const¡'Lrction rate<l to the r.naxirnum clepth with safety

factor. Each battery bank has eiglrt lead-acid l2-volt AGM-tWe dry cell batteries

connected in series.

The secondary electrical system operates at 12 VDC, and rs provided electncal

storage by two lead-acid AGM-type dry cell batteries molu¡ted in the surface engine

compartmelìt, with an additional emergency reserve battery. The sr.rpplemental electrical

system, which operates at 110 VAC, is provided by an ìnvener mounled in the surface

engine compaftment and attached to the secondary electrical system.

A series ofpumps located in the surface engine compat1ment generates hydraulic

pou'er which is distributed to the hydraulic grid. The pumps are porvered by electnc

motols connected to the prin.rary electrical system grid. Main hydraulic thrusters mounted

to the rear ofthe upper body worhs, or'ì either side ofthe rear rleck, provide subsurface

propulsion. Forward and aft hydraulic thruster tnbes provide yaw control.

The surface engines beltdrive pumps to provide polvèr to the auxiliary hydraulic

system, whicl.r provides tlim and steedng to the out clnves. -fhe control hydranlic systern

actuates valves, di.re planes, and vent, and is driven by a purnp attached to an electric

motor powered by the secondary electrical system grid with power stored in an

cccunl Lrlator.

The vessel is outfitted wìth GPS, radar,'forward- and downward-sensing sonar,

autopilot, antl chart plotting. Extomal altennae are pressure-corlrpensated.

The entire vessel is about 32 feet in length and about 28 feet long at the watelline.

The total beam with side tanks installed is about 13.5 feet, and tl.re draft ìs about 40

inches. The height is about 6 feel, l0 inches fiom the keel to the top of the passenger

corrpartment. The vessel weighs about 30,000 pouncls when dry.
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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 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.  92        13. The submarine according
to any of claims 10-12, further comprising a ballast system with 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.        14. The submarine according to any of claims 10-13,
wherein the means for propulsion comprises a surface engine
compartment housing at least one engine, and wherein said surface
engine compartment is ambient-pressure compensated, and wherein said
surface engine compartment contains an ambient core reader.        15.
The submarine according to any of claims 10-14, further comprising a
ballast system comprising at least one ballast compartment, wherein at
least one variable displacement fuel cell is disposed within at least one
ballast compartment.        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.  93        19. A submarine comprising: 
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CLAIMS

1. A purpose-configurable submarine comprising:

a surface hull;

a surface engine compafiment housing at least one engine;

a ballast system comprising at least one ballast compartment; and

a passenger compartment;

wherein the passenger compaftment 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.

2. The submarine according to claim I, wherein said passenger companment comprises a

pressure hull.

3. The submarine according to any of claims 1-2, fufther comprising a central

framework; wherein the surface hull, the surface engine compafiment, and the passenger

compartment are each attached to the central framework.

4. The submarine according to any of claims 1-3, wherein the ballast system comprises

at least one fully-controllable ballast compaftment, and wherein the combined voÌume ofthe at

least one fully-controllable ballast compartment is from approxim ately 125%" to approximately

3 l5% of the total volume of said passenger compaÉment, and wherein the combined volume of

the at least one fully-controllable ballast compartment is from approximately 7 5o/o Io

approximately l25Vo of the total volume ofsurface displacement ofthe submarine.

5. The submarine according to any of claims l-4, wherein said surlace hull is a planing

hull.

6. The submarine according to any of claims l-5, wherein said surface engine

compartment is ambient-pressure compensated, and wherein said surface engine compafiment

contains an ambient core reader.

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 at least one semi-controllable ballast
zone is filled with water when the submarine is submerged; and wherein
when 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 the majority of the semi-controllable
ballast zone volume.        20. The submarine according to claim 19,
wherein said passenger compartment comprises a pressure hull and said
submarine comprises a surface hull.        21. The submarine according to
any of claims 19-20, further comprising a central framework, wherein the
passenger compartment is attached to the central framework.        22. The
submarine according to any of claims 19-21, 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.        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.  94        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: 
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7. The submarine according to any of claims 1-6, further comprising at least one variable

displacement fuel cell disposed within at least one ballast compartment.

8. The submarine according to any of claims 1-7, comprising at least one intemal ballast

compartment contained within said surface hull and at least one extemal ballast compartment

contained within at least one side tank.

9. The submarine according to claim 8, wherein said at least one intemal ballast

compafiment is connected to an extemal ballast compartment via a pea trap connection, and

wherein said at least one intemal ballast compaÉment 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.

10. A submarine comprising:

a planing hull;

means for propulsion; and

a prsssure hull passenger compartment;

wherein when the submarine is navigating on the surlace ofa body of water, at least the

majority ofthe 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 stem end rearward, and \¡/herein the means for propulsion causes the submarine to

move in a bow-end forward manner when navigating at its hìghest speed both on the surface of

the water and when submerged.

12. The submarine according to any of claims l0-ll, fufther comprising a central

framework, wherein the planing hull, means for propulsion, and pressure hull passenger

compartment are each attached to the central framework.

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 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 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.  96 
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13. The submarine according to any of claims 10-12, further comprising a ballast system

with at least one fully-controllable ballast comparlment, wherein the combined volume of the at

least one fully-controllable ballast compartment is from approximately 125o/o fo approximately

315%o 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%o fo

approximately 125yo of the Iotal volume of surface displacement ofthe submarine.

14. The submarine according to any of claims 10-13, wherein the means for propulsion

comprises a surface engine compartment housing at least one engine, and wherein said surface

engine compartment is ambient-pressure compensated, and wherein said surface engine

compaúment contains an ambient core reader.

15. The submarine according to any of claims l0-14, further comprising a ballast system

comprising at least one ballast compaftment, wherein at least one variable displacement fuel cell

is disposed within at least one ballast compartment.

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

compaftment is connected to an extemal ballast compartment via a pea trap connection, and

wherein said at least one internal ballast compaftment is lined with a ballast liner, and wherein

said at least one intemal ballast compaftment is open to the environment on the bottom, and

wherein said at least one external ballast compaúment is ambient-pressure compensated.

18. The submarine according to claim any of claims 10-17, wherein said submarine is

purpose-configurable.

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 powerto-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;  97 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. 
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19. A submarine comprising:

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 su¡face ofa body of water; and

wherein said at least one semi-controllable ballast zone is filled with water when the submarine

is submerged; and wherein when 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 the majority ofthe semi-controllable ballast zone volume.

20. The submarine according to claim 19, wherein said passenger compartment

comprises a pressure hull and said submarine comprises a surface hull.

21. The submarine according to any of claims 19-20, furlher comprising a central

framework, wherein the passenger compaúment is attached to the central framework.

22. The submarine according to any of claims 19-21, wherein the ballast system

comprises at least one fully-controllable ballast compartment, wherein the combined volume of
the at least one fuÌly-controllable ballast compartment is from approximately 125%o to

approximately 315o/o of the total volume of said passenger compaúment, and wherein the

combined volume of the at least one fully-controllable ballast compartment is from

approximately 7 5o/o To approximately 125%o of the total volume of surlace 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 l9-23, furlher comprising a planing hull.

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.  98        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 ballast 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. 
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25. The submarine according to any of claims 19-24,fiurther comprising a surface engine

compaltment housing at least one engine, wherein said surface engine compartment is ambient-

pressure compensated, and wherein said surface engine compaftment 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 compaúment.

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 comparlment.

28. The submarine according to any of claims 19-27, comprisìng at least one intemal

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 extemal ballast compaftment 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.

3 1. The submarine according to claim 30, wherein said ambient core manifold rs a

surface engine compaúment 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 approximafely 125%o lo

approximately 315Yo of the total volume of said passenger compaftment, and wherein the

combined volume of the at least one fully-controllable ballast compartment is from

approximately 75% to approxim ately 125%o of the total volume of surface displacement of the

submarine.

35. The submarine according to any of claims 30-34, furlher 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 compaftment.

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

corîpaftment contained within at least one side tank.

38. The submarine according to claim 37, 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 intemal ballast compartment is lined with a ballast liner, and wherein

said at least one intemal 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 l-38, furlher 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 saìd 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 l-42, wherein said submarine has a total

dry weight ofbetween 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 ofsaid at least one variable displacement fuel cell is at least 50 gallons.

45. The submarine according to any of claims l-44, wherein said submarine has a power-

to-weight ratio during surface operation ofat least I horsepower per 50 pounds and is capable of

surface operation at a speed ofat least l0 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 surlace engine compartment.

5l. The method according to any of cÌaims 47-50, wherein the means to distr¡bute 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 compafiment 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 ofa

pea trap connection connecting the first fully-controllable ballast compartment to a second fully-

controllable ballast compartment.

54. The method according to claim 53, wherein air is injected into the second fully-

controllable ballast compaftment such that water in the second fully-controllable ballast

compafiment 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.


