UNMANNED UNDERWATER VEHICLE HAVING MONOCOQUE BODY
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Patent Application No. 17/589,055,

filed on January 31, 2022, the entire contents of which are herein incorporated by reference.

FIELD

[0002] The present disclosure generally relates to unmanned underwater or submersible vehicles.

BACKGROUND

[0003] Unmanned underwater vehicle (“UUV”) have many useful applications in a variety of
industries to explore underwater areas, collect data, conduct inspections, monitor specific
underwater zones, etc. For example, UUV’s can be used to conduct underwater explorations for
mining or oil drilling, inspect underwater cables, monitor areas for national defense purposes, and
collect data in previously unexplored areas, all without the need for a human driver present on the
vehicle. Known UUVs have deficiencies or can be benefit from improvements to their
performance. For example, conventional UUV’s may not be suitable for deep underwater missions
that can cause UUV’s to experience high pressures and other adverse conditions. Such missions
can require a strong but light UUV. Conventional heavy UUV’s can be limited in the amount of
payload they can carry, which may limit the types and lengths of missions that they can conduct.
It is therefore desirable to have a stronger and lighter UUV capable of handling more payload to

extend the range of the UUV, conduct deep underwater missions, and obtain other advantages.

SUMMARY

[0003a] In an aspect, the present disclosure refers to a monocoque body for an unmanned

underwater vehicle (UV) comprising:



a nose portion,

a tail portion,

a body interior surface,

a body exterior surface, and

wherein the monocoque body comprises an underbody that is a one-piece structural shell

made of fiber reinforced sheet,
wherein the underbody is configured to receive a removable cover.

[0003b] In an aspect, the present disclosure refers to an unmanned underwater vehicle (UUV)

comprising:

a monocoque underbody providing structural support for the UUV and adapted to

receive a payload, comprising:
a nose portion,
a tail portion,
a body interior surface forming a cavity,
a body exterior surface, and
a plurality of transverse structural members integrally formed into underbody.

[0004] In one example, the disclosed technology relates to a monocoque body for an unmanned
underwater vehicle (“UUV”) including a nose portion, a tail portion, a body interior surface, and
a body exterior surface. The monocoque body may be a one-piece structural shell made of fiber

reinforced sheet.

la



[0005] In some examples, the fiber reinforced sheet can be a polymer reinforced by carbon fiber.
The monocoque body can form a portion of a UUV that is free-flooding. The monocoque body
may further include an acoustically transparent window. The acoustically transparent window can
be integrally formed out of the fiber reinforced sheet and is configured to permit acoustic signals

to travel through the monocoque body.

[0006] The body interior surface may form a cavity and the monocoque body may further include
a plurality of transverse structural members integrally formed into monocoque body. The
transverse structural members may separate the cavity into a plurality of payload area(s) that can
be configured to receive a payload for attachment to the monocoque body. The payload can be at
least one of: a battery, a motor, a pressure vessel, or a sensor. The monocoque body can further
include one or more longitudinal supports extending axially along the underbody between the tail
portion and the nose portion. The longitudinal supports can form an attachment rail. The
attachment rail can be configured to receive a payload. The monocoque body can further include
an aperture extending through the body exterior surface, the aperture being configured to receive

a face of a sensor connected to the monocoque body.

[0007] In another example, disclosed embodiments provide an unmanned underwater vehicle
(“UUV”) including a monocoque underbody providing structural support for the UUV and adapted
to receive a payload, the monocoque underbody comprising: a nose portion, a tail portion, a body
interior surface forming a cavity, a body exterior surface, and a plurality of transverse structural
members integrally formed into underbody. The underbody can be constructed of a polymer
reinforced by carbon fiber. The UUV can be free-flooding. The UUV can further include a cover
extending from the nose portion to the tail portion. The cover can include a cover interior surface;
and a cover exterior surface. The cover can attach to the underbody such that the cover interior
surface faces the body interior surface, and the cover exterior surface and the body exterior surface
together form an exterior surface of the UUV. The cover may be removably attached to permit

access to the cavity.

[0008] In some examplez, the body exterior surface may form 30% to 70% of a total exterior surface of
the UUV. The underbody can be constructed of a first material and the cover can be constructed of a second
material. The second material can have a relatively lower material strength or weight than that of the first

material. The underbody can further include one or more
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longitudinal supports extending axially along the underbody between the tail portion and the nose

portion and forming an attachment rail(s).

[0009] In another example, disclosed embodiments provide an unmanned underwater vehicle
(“UUV”) comprising a monocoque underbody that preferably spans from nose to tail of the UUV
and can be made of fiber reinforced multilayer epoxy bound sheet wherein the sheet is adapted (a)
to provide a shape of an exterior hydrodynamic shell of the UUV and (b) be the UUV payload
support frame that carries desired payloads in the UUV during operation; and is adapted to receive

a top removeable UUV cover adapted to be positioned over the underbody.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorporated herein and constitute part of this
specification, are illustrative of particular embodiments of the present disclosure and do not limit
the scope of the present disclosure. The drawings are not to scale and are intended for use in

conjunction with the explanations in the following detailed description.

[0011] FIG. 1isaperspective view of an exemplary unmanned underwater vehicle, in accordance

with one or more embodiments of the present invention(s).

[0012] FIG. 2A is a top view of an exemplary unmanned underwater vehicle, in accordance with

one or more embodiments of the present invention(s).

[0013] FIG. 2B is a side view of an exemplary unmanned underwater vehicle, in accordance with

one or more embodiments of the present invention(s).

[0014] FIG. 3A is a bottom view of an exemplary unmanned underwater vehicle, in accordance

with one or more embodiments of the present invention(s).

[0015] FIG. 3B is a front view of an exemplary unmanned underwater vehicle, in accordance

with one or more embodiments of the present invention(s).

[0016] FIG. 3C is a back sectional view of an exemplary unmanned underwater vehicle, in

accordance with one or more embodiments of the present invention(s).

[0017] FIG. 4 is a perspective view of an exemplary unmanned underwater vehicle, in accordance

with one or more embodiments of the present invention(s).
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{0018} FIG. 5 is a perspective view of an unmanned underwater vehicle with a cover, in

accordance with one or more embodiments of the present invention(s).

[8019] FIG 6A 1s a front view of an exemplary unmanuved underwater vehicle with a cover,

accordance with one or more embodiments of the present mvention{s).

{80261 FIG 6B is a back view of an exemplary unmanned underwater vehicle with a cover, in

accordance with one or more embodiments of the present invention{s),

18021} FIG 7A s a top view of an exemplary unmanned underwater vehicle with a cover, in

accordance with one or more embodiments of the present mvention(s).

[80622] FIG. 7B is a bottom view of an exemplary unmanned underwater vehicle with a cover, in

accordance with one or more embodiments of the present mvention{s}.

{80231 FIG 8 15 a side sectional view of an exemplary unmanned underwater vehicle with a in

accordance with one or more embodiments of the present inventionds},

18024} FIG. 9 is a side view of an exemplary unmanned underwater vehicle with a cover and
external propulsion system, in accordance with one or more embodiments of the present

mvention(s).

DETAILED DESCRIPTION

{0025} The following discussion omits or only briefly describes conventional features of the
disclosed techunology that are apparent to those skifled in the art. Reference io various
embodiments does not limit the scope of the claims attached herete. Additionally, any examples
set forth in this specification are intended to be non-limiting and merely sei forth some of the
many possible embodiments for the appended claims. Further, particular features described
herein can be used in combination with other described features m each of the various possible
combinations and permutations. A person of ordinary skill in the art would know how to use the
mstant mvention, in combination with routine experiments, to achieve other oufcomes not

specifically disclosed in the examples or the embodiments.
[8026] Unless otherwise specifically defined herein, all terms are to be given thewr broadest
possible interprefation mclading meanmgs wmphied from the specification as well as meanings
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understood by those skilled in the art and/or as defined in dictionaries, treatises, etc. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art in the field of the disclosed technology.
It must also be noted that, as used in the specification and the appended claims, the singular forms
"a" "an" and "the" include plural referents unless otherwise specified, and that the terms
"includes” and/or "including,” when used in this specification, specify the presence of stated
features, elements, and/or components, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components, and/or groups thereof
Additionally, methods, equipment, and materials similar or equivalent to those described herein

can also be used in the practice or testing of the disclosed technology.

{86271 The devices of the present disclosure may be understood more readily by reference to the
following detailed description of the embodiments taken in connection with the accompanying
drawing figures, which form a part of this disclosure. It is to be understood that this application is
not lumited to the specific devices, methods, conditions or parameters described and/or shown
heremn, and that the terminology used herein is for the purpose of describing particular
embodiments by way of example only and 1s not intended to be limiting. Reference to a particular
numerical value includes at least that particular value, unless the context clearly dictates otherwise.

>

Ranges may be expressed herein as from “about” or “approximately” one particular value and/or
to “about” or “approximately” another particular value. When such a range is expressed, another
embodiment includes from the one particular value and/or 1o the other particular value. Similarly,
when values are expressed as approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another embodiment. 1t 1s also understood that all spatial
references, such as, for example, proximal, distal, horizontal, vertical, top, upper, lower, bottom,
ieft and right, are for tllustrative purposes only and can be varied within the scope of the disclosure.
For example, the references “upper” and “lower” are relative and used only in the context to the
other, and are not necessarily “superior” and “inferior”. The words “can” or “may” are used to

commurucate that this 1s one embodiment but others are contemplated.

{8028] Various examples of the disclosed technology are provided throughout this disclosure.
The use of these examples is tlustrative only, and in no way limits the scope and meaning of the

mvention or of any exemplified form. Likewise, the invention is not limited to any particular
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preferred embodiments described herein. Indeed, modifications and vanations of the invention
may be apparent to those skilled in the art upon reading this specification, and can be made without
departing from its spirit and scope. The invention is therefore to be limited only by the terms of

the claims, along with the full scope of equivalents to which the claims are entitled.

[8628] The present disclosure relates to an unmanned underwater vehicle ("UUV”) having a
monocoque hull construction. UUV’s have many useful applications in a varnety of industries to
explore underwater areas, collect data, conduct inspections, monitor specific underwater rones,
etc. For example, UV s can be used to conduct underwater explorations for mining or oil dridling,
mspect underwater cables, monitor areas for national defense purposes, and collect data m
previousty unexplored areas, all without the need for a human driver present on the vehicle. Deep
underwater missions {for example, missions conducted at or below about 1,500 meters below sea
level at or below about 4,000 meters below sea level, or at or below about 6,000 meters below sea
fevel} can cause UUV’s to experience high pressures and other adverse conditions requiring a
strong but bght UUY. As used herein, a monocoque refers to a structural shell or exoskeleton in

which the vehicie’s structural frame and outer hull are built as an integrated structure.

[8636] Accordingly, the UUV can have a monocogue body or canoe-shaped body that forms an
miegral shell and support siructure for the UUV. An interior area of the monocoque body can
house transverse structural members, pressure vessels, and other payloads (e.g., sensors,
navigation equipment, propulsion equipment, ete.). In some embodiments, the UUV cover may
melude a cover that forms a portion of the outer shell of the UUV. The cover may be a fairimg that

mproves the hydrodynamics of the UUV without providing any sigmificant structural support.

8931} Conventional UUV designs typically include roetal rings welded together to form the hull
of the UUV and a separate internal support structure (such as a welded metal skeleton). Such
designs are very heavy and dense, thus presenting limutations with size, depth, speed, range, and
payload carrying capacity. The disclosed technology mplementing a monocoque body addresses
these and other problems by providing a lighter and stronger UUV. Thus, the monocoque body
can facilitate relative increases in payload capacity, depth, range, etc. Dhsclosed embodiments
melude a monocoque underbody or canoe-shaped design, with a non-structural cover (fairing).
Such a design not only significantly decreases the overall weight of the UUV, but alse keeps the

center of gravity of the UUVY lower on the vehicle, which aids with keeping the vehicle upright
53
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and avording rolling when the UUV is 1n the water. In some embodiments, the construction of the
underbody is adapted to be heavier at the bottom and it may gradually increase following the shape
of the underbody. This structure (e.g., without the payioad) can be configured to have a center of
gravity that is below the centerline of the underbody. For example, by varying the thickness or
the material of the monocoque body and positioning certain structural members, the center of
gravity 13 moved lower. In some embodiments, for example, embodiments that inclode a cover,
the structure of the underbody can be configured such that the center of gravity of the UUV

{(including the cover) is below the centerline of the UUV.

{86321 Additionally, such a design permits increased ease of access into the UUV and facifitates
modudarity of accessories and payload within the YUV, For example, by having a lightweight,
easy to remove cover, users can eastly access all or nearly all of the UUV payload easily from the
top of the UUY. The user does not need to access the mterior of the UUV through a small hatch
or through one end of the UUV. Thus, disclosed embodiments facilitate easy reconfiguration of
the YUV {e.g., changing out batteries, sensors, cameras, weights, or other equipment} so that it

can be adapted for different missions or use cases.

[8633] FIGs. 1, 2A-2B, and 3A-3D illustrate various views of a UUV 100 with an open top {and
no cover). The YUV has a monocoque body 110, The monocogue body 110 can have a nose
portion 120 and a tail portion 130, Nose portion 120 and tail porticn 130 can be wtegral to
monocoque body 110 (1.e, monocogue body 110 can be a single piece mcluding nose portion 120
and tail portion 130). Monocoque body can also include a body exterior surface 112 and a body
mterior surface 115, both of which can include a corresponding of area of nose portion 120 and
tail portion 130. Body interior surface 112 can form a payload receiving area in the hull of the

UUV.

[8934] Monocogue body 110 can be constructed as a one-piece structural shell. The structural
shell can be an outside hydrodynamic shell forming the exterior of UUV 100, A fiber reinforced
polymer bound shest material (for example, apolymer epoxy reinforced by carbon fiber} may be
used for monocogue body 110, As used herein, fiber reinforced polymer bound sheet material
may refer to a cured structural epoxy and fiber matrix. Monocoque body 110 may be constructed
by layering fiber reinforced polymer and formmg it into the hull body shape. Varnous materials

use for construction of monocoque body 110 can include various relative strengths and relative
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weights. In soms embodiments, multiple materials may be combined into 3 single laminate to

achieve a desired strength to weight ratio.

[8838] While UUV 100 is depicted i the figures as having certain proportions, other shapes and
proportions are possible. For example, UUV 100 may be relatively longer or shorter as compared
to its current width. As another exarople, the tapered portions of nose portion 120 and tail portion
130 may be longer {creating 3 narrower nose portion 120 and taif portion 130} or shorter {creating

a more blont nose portion 120 or tail portion 136},

{8036} UUV 100 can also include one or more longitudinal supports 170, Longitudinal supports
170 can run the length of UUV 100 (Le., from nose portion 120 to tail portion 130). In some
erabodiments, longitudinal supports 170 may not run the length of the UUV, but may run along a
portion of monocoque body 110 between nose portion 120 and tail portion 130, For example, as
shown i FIG. 24, UUV 100 may include two fongitudinal supports 170A and 1708, Longitudinal
support 170 can form an attachment rail to which payioad can be secured. For example,
iongitudinal supports 170 roay be an L-shaped or T-shaped design with the flat side facing upwards
to provide an area for payload to sit and be attached to with fasteners, claraps, welds, adhesives,
or suitable securing methods. Longitudinal supports 170 can be integrally formed into monocogue

body 110

{8037 UUVY 100 can include transverse structural members 140A, 140B. While the figures
ilustrate two transverse structural members 1404, 1408, more or fewer transverse structural
members may be used in UUV 100, In some embodiments, transverse structural members 140A,
1408 may be formed as separate pieces from monocogue body 110 and attached to longitudinal
supports 170, For example, transverse structural members 1404, 140B may mnclude cutouts or
grooves at the bottom to receive a corresponding portion of longitudinal supports 170, Attachment
of transverse structural members 1404, 1408 may be removeable {e. g., with clamps or fasteners
such as serews, bolts, pins, rivets, various suitable adhesives ete.) or permanent {(Le., bonded to the
matenial of monocogue body 110, Transverse structural members 1404, 140B may be made from
the same material type as monocogue body 110, In some embodiments, transverse structural
members 1404, 140B may be integral to monocogue body 110 In other words, transverse
structural members 140A, 140B may be formed with monocoque body 110 out of the same

contiguous material, mstead of being separately formed and then attached to monocogue body
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110}, Transverse structural members 140A, 140B can provide additional stiffening to UV 100.
In some embodiments, transverse structural members 140A, 1408 may provide additional support
for a cover placed on YUV 100 {e.g, as depicted in FIGs. 5-8). Transverse structural members

may also separate the interior of the hull of UUV 100 into multiple sections or payload areas.

[8038] Additionally, in certain embodiments, transverse structural members 140A, 140B may
serve as mounting pomnts for equipment {(payload) placed within UUV 100, transverse structural
members 140A, 1408 can be a variety of shapes and forms. Transverse structural members 1404,
1408 may be shaped to it around certain payloads to provide additional security to the payload

while m UUV 100,

[80639] UUV 100 way also include one or more payloads 1604, 1605, Pavicads 160A, 160B
may be encased {(e.g., to protect against water intrusion, such as when the UUV 15 a free~flooding
UUV) and can mnclude navigation equipment {GPS, sonar, radar, eic.}, sensors {pressure sensors,
fight sensors, etc), propulsion equipment {motors, jets, propellors, ballast tanks, etc.), power
equipment (batteries, fuel cells, wires, ete.), communications equipment {transmiiters, receivers,
transceivers, eic.), weights, flotation foam, cameras, lights, data storage equipment, and other
equipment. Payloads 160A, 160B may be attached to attachment rails formed by longiiudinal
supporis 170, While depicted in the figures as a generally rectangular box, payloads 160A, 160B
can take a variety of shapes and forms {e.g., cubic, generally spherical, conical, cylindrical, or

others).

[8046] As depicted in FIG. 1, UUV 100 can be an open top free-tlooding design, meaning that
water can freely flow around, for example, between payloads 160A, 160B. Monocogue body 110
provides structural support for UUV 100 and secures dividers, sensors, communication devices,
propulsion systems, and other payloads to the UUV 100, Dividers 140A, 140B, and payvioad 160A,

1608 can be secured to attachment rails 170.

{8041} In some embodiments, as shown in FIG 3A, the bottom of monocoque body 110 may
include one or more windows 2104, 2108, Windows 210A, 2108 can be open apertures through
the surface of monocoque body 110, Windows 210A, 210B can provide areas for various payloads
o interface with the exterior of UUV 100, For example, a camera contained with a payload may

need a lens with access to the outer surface of UUV 100 in order to capture photographs. Window
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210A could be sized and shaped specifically for the camera lens, which could be mounted inside
UUVY 100, but facing out through monocogue body 110 and forming a water-tight seal with
monocoque body 110, As another example, a sonar system could have an external surface
mounted in window 210B, which could be appropriately sized to recetve the external surface. The
external surface of the sonar system could be mounted flush with body exterior surface 115 of

monocogue body 110,

[8042] In some embodiments, monocoque body 110 may include one or more acoustically
transparent windows. An acoustically transparent window may be a portion of monocoque body
110 that permits acoustic signals {i.e., sound waves from sonar} to pass through. Thus, UUV 160
can send and/or receive acoustic signals through monocogue body 110 without the need for a hole
being cut or otherwise formed in monocogue body 110 to expose a portion of the sonar device.
Such acoustically transparent windows can permit a sonar device to be fully encased within UUV
100 (and thus completely protected from water and other external elements), while stil] functioning
property. Additionally, by have an acoustically transparent window, monocoque body 110 need
not contain a separate cutout window {i.e., windows 2Z10A, 2108B) for the sonar system, thereby

mcreasing the structural integrity of UUV 1060,

[0043] Acoustically transparent windows can be formed through specific construction of the
faminate making up monocoque body 110, For example, the types and combinations of resing,
fibers, plastics, adhesives, ete. can change the density of the laminate matenal, and thus affect how
acoustic signals are tfransmitted through the material. The lanunate structure of monocogue body
110 can be constructed such that the density of the material making up monocoque body 1101
close to that of water (which varies with temperature}). Thus, the material may be constructed to
have a specific gravity of about 1. Accordingly, the density of the material may be less than or
about 2.0 slugs/ft’. By constructing the material of monocoque body 110 to have a density close
to water, the acoustic signals can travel through the material in approximately the same manner as
they travel through water (the intended medium for which the waves are travel). Because the
density of water varies shightly with temperature, in some embodiments, a monocoque body 110
could be tuned or constructed to be acoustically transparent in a certain temperature of water (e.g.,

to ensure proper function at a specific geographic focation or specific depth under water).
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Furthermore, acoustically transparent windows may be tuned for various specific wavelengths or

frequencies of sound waves.

18044} Thus, an acoustically transparent window could prevent the need for a full cutout 2104,
2108, whie still permitting the sonar system fo function properly. Thus can potentially eliminate
leakage around cutouts and equipment, protect equipment from unwanted contact with
environmental objects by providing a surface of the monocoque body over the equipment,
providing a more streamiined UUV, and increasing the stroctural integrity of the body of the ULV

by limiting the number of weaking fully cutout sections.

[8945]  In some emboduments, monocogue body 110 may include cable ports (vot illustrated) for
power cables, data cables, etc. Cable ports may be open apertures into monocoque body 110, |
through transverse structural members 1404, 140B, or through longitudinal supports 170, Insome
embodiments, monocoque body 110 may include small voids or channels with the thickness of the
side walls of monocoque body 110 in which cables may be run. Such voids or channels may
permit cables to run between payloads within monocoque body 110 with mummal exposure to the
mterior of UUV 100, Each end of the void or channel can include a cable port for access to the
voids or channels so that cables can be placed inside. Cable ports can include covers or grommets
to seal off when not i use or while a cable 1s run through the port. In some embodiments cable
ports may include covered or sealed plug receivers. The plug receivers may be constructed such
that a cable can be plogged mto one or both sides of the port, thus elimnating the need to physically
run the cable through the port. This can not only ensure that payload 1604, 160B 1s sealed properly
from water mntrusion, but can also facilitate easy and quick reconfiguration of UUV 100, For
example, in some cases, rather than rewiring 3 piece of equipment or ranning a new cable through
one of more portions of UUVY 100, a user may be able to unplug a short length of cable and plug
in a new cable to change cut a payload. When not in use, a user could place a watertight cover

over the port to ensure that water does not enter the port.

[9946] FIG 4 provides an alternate perspective view of a UUV 400 that does not contain an exira
payload for iitustrative purposes. Rather, ULJV 400 shows transverse structural members 140A,
140B on the mterior of monocogque body 110, The description above with respect to UUV 100
generally applies to UUV 400 as well. FIG. 4 also provides an additional view of longitudinal

sapports 170A, 170B running along the length of monocoque body 110 {1e., from at or near the
i1
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end of nose portion 120 to at or near the end of tail portion 130}, As described herein, transverse
structural members 140A, 140B may be attached to longitudinal supports 170A, 170B. FIG 4
additionally illustrates cutouis 2104, 2108, As shown, cutouts 210A, 2108 can be placed between

iongitudinal supports 1704, 1708,

[8047] FIGs. 53-8 illustrate an exeroplary UUV 500 including a cover 510, The description above
with respect to UUVs 100 and 400, generally applies to TJUV 500 as well. In some embodiments,
cover 310 may include a cover nose portion 520 and a cover tail portion 330 Cover 510 may be
placed on and attached to monocogue body 110, Cover nose portion 520 may be placed over nose
portion 120 of monocoque body 110 Smmlarly, cover tail portion 330 may be placed over tail
portion 130 of monocogue body 110 Cover 510 can melude an outer surface 512 and an imner
surface 515 (illustrated in FIG. 8). As illusirated by FIG. 8, which is a side cutaway view of UUV
500, cover 510 may be placed on monocogue body 110 such that inner surface 515 of cover 510
faces inner surface 115 of monocoque body 110, thus forming an interior of UUV 500, Together,
outer surface 512 of cover 510 and outer surface 112 of monocogque body 110 can form the outer
surface of ULV 500, The interior of ULV 500 may include one or more transverse structural

members 1404, 140B, and payloads 1604, 1608, substantially as described above.

[8848] Cover 510 can be removably atiached to monocogue body 110 in a variety of ways. For
example, attachment methods can include, clamps, fasteners (bolis, screws, rivets, eic.), adhesives,
or other suifable methods. As another example, an attachment method may mclude one or more
hinges on one side of cover S10 connecting cover 510 to monocoque body 110, The opposite side
of cover 510 or monocoque body 110 may then include a lock member to secure cover 510, In
some embodiments, UUY 500 may be free-flooding, meaning that cover 510 and monocoque body
110 do not form a watertight seal between one another and water may flow through the interior of
UUY 500, In other embodiments, UUV 500 may not be free-flooding and cover 510 and
monocoque body 110 may form a seal such that water may not penetrate into the interior of UUV
500.

[8049] Cover 510 can be constructed to be lower relative weight as compared to monocoque
body 116, Because cover 510 can be non-structural (i.e., a faring covering the juterior of and
mereasing the hydrodynamics of UUV 5003 For example, monocogue body 110 may be about

70% heavier than cover 510. In other embodiments, monocogue body 110 may be heavier than
12
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cover 510 by about 50% or more, 55% or more, 60% or more, 65% or more, or 75% or more. Such
weight differences can be achieved by varving the construction of cover 510 from that of
monocogue underbody 110, For example, cover 510 may be constructed from a lighter weight
material. Because cover 510 may not be structural, the material may not need to be as strong as
that of monocogue underbody 110. In some embodiments, the material may be the same, but the
thickness or total volume of material used to make cover 510 may be less than that used for
monecoque underbody 110, As an example, cover 510 may include fewer layers of a fiber-
reinforced laminate that monocoque underbody 110, As another example, while monocoque body
110 may include longitudinal supports 170 or other strength-increasing reinforcements that can to
provide a strong excskeleton for the UUV, cover 510 may not incorporate such reinforcements

and may thus be lighter.

[8656] FIG 6Aisafrontend view of UUV 300, showing nose portion 120 and cover nose portion
520 meeting at seam 610, As tllustrated, seam 610 may be located at a position above the midhing
of YUV 500, In other words, monocogue body 110 may form greater than 50% of the outer surface
of ULV 500 and the cover 510 may form a portion less than 50% of the outer surface. In other
embodiments, monocoque body 110 may form about or greater than 30%, about or greater than
35%, about or greater than 40%, about or greater than 45%, about or greater than 55%, about or
greater than 60%, about or greater than 65%, about or greater than 70%, or about or greater than

75% of the outer surface of UUV 300.

(80631} Similarly, FIG 6B 1s an tllustration of the back of UUV 500, showing tail portion 120
and cover tail portion 530, Tail portion 120 and cover tail portion 530 can meet at seam 620 on
the back of UUV 500, Additionally, tail portion 120 and cover tail portion 530 may form opening
630. Opening 630 may be provided for a propulsion system, such as a propeller, as iHlustrated by

FIG. 9, described in greater detai] below.

[80632] FIGs. 7A and 7B illustrate a top view and bottom view, respectively of UUV 500, As
Hhustrated n FIG. 7A, i some embodmments, cover S10 may not cover the entire outer surface of
UV 500, for example, an outer edge of transverse structural members 140A can form a portion
of the outer surface of UUV 500 by being exposed by cover S10. This may be useful for, for
example, hfting and transporting ULV 500, transverse structural members 140A, 140B may

mchude integrated rings, hooks, pins or other attachments (e.g., rings 940A, 940B in FIG. 9) for
i3
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lifting or otherwise moving ULV 300, Additionally, as described above with respect to UUV 100,

UV 500 can include cutouts 210A, 210B.

[80633] FIG 9 18 a side view of an exemplary UUY 900 with a cover and external propulsion
systern, consistent with disclosed embodiments. UUV 900 can 1uclude a propulsion system 910,
Propulsion system 910 may be disposed m opening 630 (FIG. 6B) between cover 510 (cover tail
portion 530} and monocoque body 110 (taif portion 130}, As described herein, propulsion system
may include a propeller system (as depicied in FIG. 9), a jet system, or others. The propelier
systern may be driven by, for example, an electric motor contained within UUY 900, UUY 900
may further include one or more fins 920 attached to monocoque body 110 on exterior surface
112, Fins 920 may help controi UUY 900 as it travels through the water. In some embodiments,
UUV 200 may include a larger cutout 930 (similar to cutouts 210A, 2108 described above} than

can recetve a face of a sensor or other payload to be exposed to the outside surface of the UUY.

[8054] Addutionally, FIG. 9 depicts exposed transverse structural members 1404, 140B as
having rings 9404, 940B, respectively, attached to the top of the dividers. Rings 940A, 9408 may
take other forms, such as hooks, loops, siraps, holes, pins etc. for lifting or otherwise moving UUV

900, or otherwise attaching objects to the outside of UUV 900,

{0085} Testing has shown a UUV constructed in accordance with one or more embodiments
described herein provides significant performance improvements such with respect to operational

range and depth.

{80656] For illustrative purposes, the dimensions of the UUV can be in the range of 17 long to
575 long, the major diameter of the monocoque body can be 1n the range of 17 to 507, and the

wall thickness of the monocoque body can be in the range of 1/167 10 57,

{8057} The term “sheet” should be understood to include one or more layers. The layers or
material in Jayer can be adhered together by way of 3 polymer. For clarification, the term “sheet”
also derives from the general techniques for the additive application of carbon fiber construction

but should not necessarily be limited to those techniques.

[80638] The foregomg merely lustrates the principles of the disclosure. Aoy examples set forth
m this specification are not intended to be hmiting and merely set forth some of the many possible

ernbodiments for the appended claims. Those skilled 1 the art will readidy recognize various
14
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modifications and changes that may be made without following the example embodiments and
applications illustrated and described herein, and without departing from the true spirit and scope

of the following claims.

[8059] Al references cried and/or discussed in this specification are incorporated herein by
reference in their entireties and to the same extent as if each reference was jndividually

meorporated by reference.

‘i_h



What is claimed is:

1. A monocoque body for an unmanned underwater vehicle (UV) comprising:
a nose portion,
a tail portion,
a body interior surface,
a body exterior surface, and
wherein the monocoque body comprises an underbody that is a one-piece structural shell
made of fiber reinforced sheet,

wherein the underbody is configured to receive a removable cover.

2. The monocoque body of claim 1, wherein the fiber reinforced sheet is a polymer reinforced by

carbon fiber.

3. The monocoque body of claim 1, wherein the monocoque body forms a portion of a UUV that

is free-flooding.

4. The monocoque body of claim 1, further comprising an acoustically transparent window.

5. The monocoque body of claim 4, wherein the acoustically transparent window is integrally

formed out of the fiber reinforced sheet and is configured to permit acoustic signals to travel

through the monocoque body.

6. The monocoque body of claim 1, wherein:
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the body interior surface forms a cavity; and
the monocoque body further comprises a plurality of transverse structural members

integrally formed into the monocoque body.

7. The monocoque body of claim 6, wherein the transverse structural members separate the

cavity into a plurality of payload area(s) configured to receive a payload for attachment to the

monocoque body.

8. The monocoque body of claim 7, wherein the payload comprises at least one of: a battery, a

motor, a pressure VCSSC], Oor a sensor.

9. The monocoque body of claim 1, wherein the monocoque body further comprises one or more

longitudinal supports extending axially along the monocoque body between the tail portion and

the nose portion.

10. The monocoque body of claim 9, wherein the longitudinal supports form an attachment rail.

11. The monocoque body of claim 10, wherein the attachment rail is configured to removably

receive a payload.

12. The monocoque body of claim 1, wherein:

17



the monocoque body further comprises an aperture extending through the body exterior
surface, the aperture being configured to receive a face of a sensor connected to the

monocoque body.

13. An unmanned underwater vehicle (UUV) comprising:
a monocoque underbody providing structural support for the UUV and adapted to receive
a payload, comprising:
a nose portion,
a tail portion,
a body interior surface forming a cavity,
a body exterior surface, and

a plurality of transverse structural members integrally formed into underbody.

14. The UUV of claim 13, wherein the underbody is constructed of a polymer reinforced by

carbon fiber.

15. The UUV of claim 13, wherein the UUV is free-flooding.

16. The UUV of claim 13, further comprising:

a cover extending from the nose portion to the tail portion and comprising:

a cover interior surface; and

a cover exterior surface;

18



wherein the cover attaches to the underbody such that the cover interior surface faces the
body interior surface, and the cover exterior surface and the body exterior surface
together form an exterior surface of the UUV; and

wherein the cover is removably attached to permit access to the cavity.

17. The UUV of claim 16, wherein the body exterior surface forms 30% to 70% of a total

exterior surface of the UUV.

18. The UUYV of claim 16, wherein:
the cover is adapted to have at least one of a lower strength or weight than that of the

underbody.

19. The UUV of claim 13, wherein the underbody further comprises one or more longitudinal
supports extending axially along the underbody between the tail portion and the nose portion and

forming an attachment rail.
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