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ABSTRACT

A method of manufacturing a hydroelectric energy system comprising
assembling a concrete stator; sliding a plurality of composite arcs forming a rotor
around a radially circumferential surface of the concrete stator, wherein the
composite arcs are slid over a plurality of teeth on the concrete stator; and bolting

the teeth to the concrete stator.
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HYDROELECTRIC ENERGY SYSTEMS, AND
RELATED COMPONENTS AND METHODS

[001]  This application is a divisional of Canadian Patent Application

Number 3,001,696, filed October 19, 2016.

TECHNICAL FIELD

[002] The present disclosure relates generally to hydroelectric energy systems,
hydroelectric turbines, and related components and methods.

INTRODUCTION

[003] The section headings used herein are for organizational purposes only and
are not to be construed as limiting the subject matter described in any way.

[604] A hydroelectric energy system may utilize a hydroelectric turbine to generate
electricity from the current in a moving body of water (e.g., a river or ocean current) or
other fluid source. Tidal power, for example, exploits the movement of water caused by
tidal currents, or the rise and fall in sea levels due to tides. As the walers rise and then
fall, a flow, or fiuid current, is generated. The one-directional flow, for example, from a
river also creates a current that may be used 1o generate electricity. And, additional
forms of differential pressure, such as, for example, that are created by dams, also can
cause water to flow and create water speeds sufficient to enable the conversion of
energy associated with the water’s flow to other useful forms of energy.

[005] Hydro power, which relies on the natura! movement of currents in a body of
liquid (e.g., water), is classified as a renewable energy source. Unlike other renewable
energy sources, such as wind and solar power, however, hydro power is reliably
predictable. Water currents are a source of renewable power that is clean, reliable, and
predictable years in advance, thereby facilitating integration with existing energy grids.
Additionally, by virtue of the basic physical characteristics of water (including, e.g.,
seawater), namely, its density {which can be 832 times that of air) and its non-
compressibility, this medium holds unique “ultra-high-energy-density” potential in
comparison to other renewable energy sources for generating renewable energy. This
potential is amplified once the volume and flow rates present in many coastal locations
and/or useable locations worldwide are factored in.
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[006] Hydro power, therefore, may offer an efficient, long-term source of pollution-
free electricity, hydrogen production, and/or other useful forms of energy that can help
reduce the worid's current reliance upon petroleum, natural gas, and coal. Reduced
consumption of fossil fuel resources can in turn help to decrease the output of
greenhouse gases into the world’s atmosphere.

[007] Electricity generation using hydroelectric turbines (which convert energy from
fluid currents) is generally known. An example of such a turbine is described, for
example, in U.S. Publication No. 2012/0211990, entitled "Energy Conversion Systems
and Methods”. Such turbines can act like underwater windmills, and have a relatively low
cost and ecological impact. In various hydroelectric turbines, for example, fluid flow
interacts with blades that rotate about an axis and that rotation is harnessed to thereby
produce electricity or other forms of energy.

[008] Hydroelectric energy systems, however, can pose various challenges relating
fo the stress and/or strain on the various components of the system resulting from the
interaction of the relatively strong forces associated with fluid flow (e.g., moving
currents which are often intermittent and turbulent). Additional challenges also may
arise with assembling such complex systems at an installation location.

[009] It may, therefore, be desirable to provide a hydroelectric energy system
having a robust configuration that can withstand the strong, intermittent, and turbulent
forces associated with fluid flow interacting therewith. |t also may be desirable to
provide a hydroelectric energy system having a design which allows efficient assembly
of the system on-site to reduce the expense of shipping the assembly from a
manufacturing plant to the installation location, which in some cases may be relatively
remote or difficult to access by normal large freight shipping. Other improvements to
hydroelectric energy systems also are needed to improve long-term reliability, ease of
manufacture, and to address problems inherent with operating in underwater
environments.

SUMMARY

[010] The present disclosure solves one or more of the above-mentioned problems
and/or achieves one or more of the above-mentioned desirable features. Other
features and/or advantages may become apparent from the description which follows.
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[011] In accordance with various exemplary embodiments of the present
disclosure, a hydroelectric energy system may include a stator comprising a first
plurality of electricity-generating elements. The system may also include a rotor
comprising a second plurality of electricity-generating elements. The rotor may be
disposed radially outward of an outer circumferential surface of the stator and
configured to rotate around the stator about an axis of rotation. The rotor may be a
flexible belt structure having a variable thickness and extending along a portion of an
axial length of the stator. The system may further include at least one hydrodynamic
bearing mechanism configured to support the rotor relative to the stator during rotation
of the rotor around the stator. The at least one hydrodynamic bearing mechanism may
include a bearing surface made of wood or a composite material.

[012] In accordance with various additional exemplary embodiments of the present
disclosure, a hydroelectric energy system may include a stator comprising a first
plurality of electricity-generating elements. The system may also include a rotor
comprising a second plurality of electricity-generating elements. The rotor may be
disposed radially outward of an outer circumferential surface of the stator and
configured to rotate around the stator about an axis of rotation. The rotor may be a
flexible belt structure having a variable radial thickness in an axial direction of the rotor.
The system may further include at least one blade portion extending radially inward with
respect to the rotor and at least one blade portion extending radially outward with
respect to the rotor. The at least one radially outward extending blade portion may
extend radially from a base, the base extending axially along and being fastened to a
surface of the rotor.

[013] In accordance with various further exemplary embodiments of the present
disclosure, a method of manufacturing a hydroelectric energy system may include
assembling a concrete stator. The method may also include sliding a plurality of
composite arcs forming a rotor around a radially outer circumferential surface of the
assembled stator, wherein sliding the composite arcs comprises sliding the arcs over a
plurality of teeth on the stator. The method may further include bolting the teeth to the
concrete stator.

[014] Additional objects and advantages will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by
practice of the present teachings.
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[014a] According to one aspect of the present invention, there is provided a
method of manufacturing a hydroelectric energy system, the method comprising:
assembling a concrete stator; sliding a plurality of composite arcs forming a rotor
around a radially outer circumferential surface of the concrete stator, wherein sliding the
composite arcs comprises sliding the composite arcs over a plurality of teeth on the
concrete stator; and bolting the teeth to the concrete stator.

[015] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive
of the present disclosure and claims, including equivalents. It should be understood that
the present disclosure and claims, in their broadest sense, could be practiced without
having one or more features of these exemplary aspects and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[016] The accompanying drawings, illustrate some exemplary embodiments of the

present disclosure and together with the description, serve to explain certain principles.
In the drawings

[017] FIG. 1 shows cross-sectional views of an exemplary embodiment of a
hydroelectric energy system in accordance with the present disclosure, showing both
the upper half and lower half of the cross-section;

[018] FIG. 2 shows the lower half of the cross-section of the hydroelectric energy
system of FIG. 1;

[019] FIG. 3 is an enlarged, detailed view of an exemplary embodiment of an energy-
generation element of the hydroelectric energy system of FIG. 1;

[020] FIG. 4 is an enlarged, detailed view of an exemplary embodiment of a conduit
housing a cable for transmitting electricity from the hydroelectric energy system of

FIG. 1;

[021] FIG. 5 shows the lower half of the cross-section of the hydroelectric energy
system of FIG. 1;

[022] FIG. 6 is an enlarged, detailed view of an exemplary embodiment of a stator ring
assembly of the hydroelectric energy system of FIG. 1;

[023] FIG. 7 shows the lower half of the cross-section of the hydroelectric energy
system of FIG. 1; and
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[024] FIG. 8 is an enlarged, detailed view showing exemplary embodiments of
hydrodynamic bearings of the hydroelectric energy system of FIG. 1.
DESCRIPTION OF EXEMPLARY EMBODIMENTS

[025] In accordance with one or more exemplary embodiments of the present

disclosure, energy in a fiuid flow can be directly converted to electricity by the use of
magnets embedded in a rotor, wherein the rotor includes an inner rim and at least one

4a
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hydrofoil blade. The rotor can be supported such that it rotates around an outside
surface of a stator, which may be embedded with a core with windings. The fluid flow
acts on the at least one blade thereby causing the rotor to rotate, which in turn causes
the rotor magnets to move past the stator windings to generate electricity in the core.
[026] The rotor can be configured, for example, as a flexible belt structure that sits
radially outward of the stator. In accordance with various exemplary embodiments, the
rotor may have a variable thickness, and may extend along a portion of an axial length
of the stator. For example, in various embodiments, the rotor may have an arcuate
outer surface profile to minimize non-productive drag in the fluid flow over the rotor.
[027] As used herein, the term flexible generally refers to the capability of the rotor
belt to bend without breaking. Thus, in accordance with various exemplary
embodiments of the present disclosure, the rotor may be considered as having an
amount of flex such that the rotor may take the shape of a cylindrical belt-like structure
without breaking.
[028] Sets of hydrodynamic bearings can be positioned and secured between the
rotor and stator to separate those components during rotation of the rotor and also to
prevent the rotor from being forced axially out of alignment with the stator or otherwise
off of the stator, by the fluid flow. In accordance with various exemplary embodiments,
one or more of the sets of hydrodynamic bearings may include a bearing surface made
of wood or a wood composite.

Hydroelectric Eneray System Configurations
[029] With reference now to FIG. 1, an exemplary embodiment of a hydroelectric
energy system 100 in accordance with the present disclosure is shown. The
hydroelectric energy system 100 includes a rotor 104 disposed radially outward of a
stator 106. In this arrangement, one or more blades (hydrofoils) 101 can extend
radially inward and/or radially outward, i.e., relative to a rotational axis Y. For example,
with reference to the exemplary embodiment of FIG. 1, there may be a radially inward
extending blade portion 103 and a radially outward extending blade portion 102. Both
blade portions 102, 103 are arranged in the fluid flow F (designated by the arrows in
FIG. 1) to thereby cause the rotor 104 to rotate relative to the stator 106 about the
central axis Y. In various exemplary embodiments a plurality of blades 101 can be
mounted around the circumference of the rotor 104, for example, at uniform intervals
about the circumference.
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[030] As described, for example, in U.S. International Patent Application

No. PCT/US2015/032948, entitled "Hydroelectric Turbines, Anchoring Structures, and
Related Methods of Assembly ". Mounting the rotor 104 outside of the stator 106 may,
for example, permit the rotor 104, or at least the portions of the rotor 104 between
mounting regions for the blades 101 to be configured as a semi-rigid belt that provides
some flex over a large diameter. In this manner, the rotor 104 may ride on the outer
surface of the stator 106 much like a belt or rope over a pulley {(except, as explained below,
spaced a small distance from the stator as a result of the bearing systems as it rotates),
thereby allowing the rotor 104 to bend/flex to some degree as it rotates. In various
exemplary embodiments, for example, the rotor 104 may be made from Keviar® or a
carbon-fiber material and the stator 106 may be cast concrete.

[031] The rotor 104 illustrated in the embodiment of FIG. 1 may, therefore, take
advantage of the inwardly disposed stator 106 to support (e.g., against the effects of
gravity) the rotor 104 in a substantially closed loop configuration. In contrast, in a
configuration wherein the rotor is disposed inward of the stator, the rotor may need to
be more rigid in order to maintain the outer surface of the rotor adjacent the inner
surface of the stator. Thus, the rotor 104 in the configuration illustrated in FIG. 1 may
benefit from reduced weight, less materials, and/or use of less expensive materials as a
result of the reduced support requirements for the rotor.

[032] In addition, to improve the compressive strength of the rotor 104, the rotor
104 may have a variable thickness. Such a configuration may, for example, minimize
unproductive drag in the fluid flowing over an outside surface of the rotor 104. For
example, as illustrated in the embodiment of FIG. 1, the rotor 104 may have an arcuate
outer surface profile to minimize non-productive drag in the fluid flow over the rotor 104,
In other words, the outer surface profile of the rotor 104, in an axial cross-section, may
be arc-shaped.

[033] As also shown in FIG. 1, in various exemplary embodiments, the energy
system 100 may further include diversion arcs 107 at a first end 108 of the system 100
to also help minimize the non-productive drag. The diversion arcs 107 may, for
example, be placed between the blades 101 such that an arc 107 is fastened on either
side of each blade 101. In this manner, the fluid flowing toward the first end 108 of the
energy system 100 (e.g., the water coming toward the system 100) will be diverted to
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either side of the system 100. In the same manner, an end portion 109 of the stator
106 may also have a rounded surface profile to divert fluid flowing toward a second and
opposite end 110 of the energy system 100.

[034] The blades 101 of the energy system 100 can be attached toward the front
rim of the rotor 104 (e.g., along the first end 108 of the system 100) and blade portions
can extend in substantially opposite directions (e.g., radially away from the center of the
rotor 104 (radially outward) and radially toward the center of the rotor 104 (radially
inward)). As illustrated in FIG. 1, for example, the rotor 104 can have blades 101 with a
radially inward extending blade portion 103 and a radially outward extending blade
portion 102 attached thereto. The arrangement of the rotor 104 radially outward of the
stator 106 may facilitate the arrangement of the radially inward and outward extending
blade portions 102, 103, while also placing the blades 101 in a position to sweep a
maximum arc of current. Thus, the blade portions 102, 103 may collect flow energy
from the fluid flow F in sweeps away from the central axis of rotation Y and in sweeps
toward the central axis of rotation Y, respectively. This may help to balance the forces
acting on the rotor, thereby reducing stresses on the rotor 104 and allowing for the use
of less material in both the rotor 104 and the blades 101.

[035] In various exemplary embodiments, the blade portions 102 can be made
integral with the blade portions 103 to form a single blade (hydrofoil) 101. For example,
each blade portion 102, 103 may be molded from a composite material, such as, for
example, a carbon-fiber-reinforced plastic to form a single blade 101. As illustrated in
FIG. 1, in accordance with various embodiments, to increase the strength of the blades
101, the radially outward extending blade portion 102 of each blade 101 may be
molded to have a pedestal-like shape such that the blade portion 102 may rest on the
arc-shaped rotor 104. In other words, the blade portion 102 may have a base 113
having a surface 115 that extends axially along and lies back on the rotor belt 104 and
which is fastened to the rotor 104 along a surface 112 of the rotor 104 via, for example,
bolts and/or an epoxy material.

[036] In accordance with various additional embodiments, to further balance the
forces on the two blade portions 102, 103 (which may reduce the tendency of the biade
portions 102, 103 to torque the rotor 104), the radially inward extending blade portion
103 may be longer than the outwardly extending blade portion 102. In other words,
since the radially outwardly extending blade portion 102 has a greater sweep than the

7
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inwardly extending blade portion 103, the length of the blade portion 103 is extended
(relative to the blade portion 102) to help balance the forces from the fluid flow on the
blade portions 102, 103.

[037] Accordingly, because the stator 106 supports the rotor 104 and the blades
101 on the rotor 104 are configured in a balanced arrangement (e.g., radially inward
and radially outward), as illustrated in FIG. 1, the amount of material (e.g., relatively
expensive composite material) needed to build the rotor 104 can be reduced, which
may also reduce fabrication and assembly costs, as well as facilitate installation of the
energy system 100.

[038] With reference now to FIGS. 2-4, in various exemplary embodiments, the
rotor 104 may include one or more electricity-generating magnets 114, which are
disposed with respect to one or more corresponding electricity-generating elements 116
of the stator 106 when installed in the energy system 100. Although not shown, in
various additional embodiments, the stator 106 may include one or more electricity-
generating magnets disposed with respect to one or more corresponding electricity-
generating elements of the rotor 104. As illustrated in FIG. 3, the electricity-generating
element(s) 116 may, for example, comprise at least one coil 118 with windings
configured to generate electricity in response to rotational movement of electricity-
generating magnets 114 on the rotor 104.

[039] As further shown in FIG. 3, the rotor 104, for example, may include one or
more magnets 114 for generating electricity, which are radially aligned with, but spaced
from, the at least one coil 118 of the stator 106. The magnets 114 can be mechanically
attached to an inner circumferential surface 120 of the rotor 104 or can be disposed
within an interior of the rotor 104 proximal to the inner surface 120. Accordingly, fluid
flow interacting with the blades 101 causes the rotor 104 to rotate over the outside
surface of the stator 106. And, the rotation of magnets 114 in the rotor 104 induces a
voltage in the coils 118 disposed in the stator 106 {e.g., in a stator ring assembly 125).
The coils 118 may be connected together in such a way so as to produce electricity of a
desired voltage and/or current. The resulting electricity can then be transmitted via
electrical transmission conduits 122 (e.g., cables) for subsequent use or storage, for
example, via one or more transmission lines or conductors connected to a land-based
electrical grid.
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[040} In various embodiments, for example, the concrete cylinder of the stator 106
may be cast with a passage, such as, for example, a flexible, plastic tube 124, to run
each conduit 122 from the stator coils 118 to the land-based grid. As shown in FIGS. 2
-4, each transmission conduit 122 may run from the stator coils 118, through the stator
106, and exit the stator 106 at a bottom portion 126 of the end portion 109 of the stator
106. In this manner, the conduits 122 are routed through the stator 106 and are kept
away from the rotating parts of the energy system 100 and the fluid flow F.
Furthermore, the plastic tubes 124 provide a smooth transition between the rigid
material (e.g., concrete) of the stator 106 and the fluid in which the energy system 100
is deployed, while also routing each conduit 122 down to the ground in a controlled
manner.

[041] As illustrated in FIGS. 5 and 6, the electricity-generating elements 116 of the
stator 106 may be housed in a stator ring assembly 130, such as, for example, a
copper ring that is dipped in a protective coating (e.g., to protect the ring from the
corrosive environment in which the system 100 is deployed). The stator ring assembly
130 may be fastened to the stator 106 via bolts 132. In accordance with various
embodiments, for example, the stator ring assembly 130 may be preassembled for
fastening to the concrete stator 106, and the whole stator assembly (stator 106 and ring
130) may be cast into a composite surround with holes 134 for insertion of the bolts
132.

[042] With reference now to FIGS. 7 and 8, in various exemplary embodiments,
one or more sets of hydrodynamic bearings 140 can be disposed for radially aligning
the rotor 104 relative to the stator 106. Various embodiments, for example,
contemplate using water lubricated bearings made of wood, such as, for example, as
commercially available from Lignum-Vitae North America of Powhatan Virginia, or a
composite material, such as, for example, Vesconite, which rub on a carbon fiber or
stainiess steel surface, as the radial hydrodynamic bearings between the rotor 104 and
the stator 106. As illustrated in FIGS. 7 and 8, such embodiments contemplate, for
example, using strips of wood (e.g., Lignum-Vitae) or composite 142 positioned along
an outer circumferential surface 129 of the stator 106, and which are arranged to rub
against a bearing surface, such as, for example, the carbon fiber of the inner
circumferential surface 120 of the rotor 104 (i.e., the strips 142 rub directly against the
carbon fiber of the rotor 104), or a stainless steel material 144 positioned along the

9
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inner circumferential surface 120. In various exemplary embodiments, as shown in FIG.
8, the strips 142 are pushed into slots 134 within the concrete of the stator 106. In this
manner, the fluid (e.g., sea water) between the rotor 104 and stator 105 may provide a
hydrodynamic bearing effect (i.e., between the surfaces of the strips 142 and the
bearing surface) to contain the radial load of the energy system 100.

[043] In a similar manner, in various additional exemplary embodiments, one or
more sets of hydrodynamic bearings 150 can be disposed for maintaining relative axial
positioning of the rotor 104 relative to the stator 106. Similar to the radial bearings,
various exemplary embodiments contemplate using water lubricated bearings made of
wood {e.g., a wood as commercially available from Lignum-Vitae North America) or
composite materials (e.g., Vesconite), which rub on a bearing surface, such as, for
example, a carbon fiber or stainless steel surface, as the axial hydrodynamic bearings
between the rotor 104 and the stator 106. As illustrated in FIGS. 7 and 8, such
embodiments contemplate using a pattern of intermeshing teeth 152 to contain the axial
forces of the energy system 100. A row of wood (e.g., lignum-Vitae) or composite
teeth 152 may, for example, be affixed (e.g., via a bolt 154) to the outer circumferential
surface 129 of the stator 106 and reach up into slots 136 formed in the inner
circumferential surface 120 of the rotor 104. In various embodiments, the teeth 152
may rub directly against the carbon fiber of the rotor 104 (i.e., within the slots 136). And,
in various additional embodiments, the slots 136 may be fitted with an additional
bearing surface, such as, for example, stainless steel rings 156 configured to slide over
the sides of the teeth 152. In this manner, the fluid (e.g., sea water) within each slot
136 may provide a hydrodynamic bearing effect to contain the axial load of the energy
system 100.

[044] As shown perhaps best in FIG. 7, embodiments of the present disclosure
contemplate positioning the axial hydrodynamic bearings 150 within the rotor belt 104
within an area of increased thickness of the arc-shaped belt. Positioning the bearings
150 in such a manner (i.e., instead of both at the front and back of the belt 104) may,
for example, improve the strength of the bearings 150 and therefore the axial alignment
of the energy system 100. Placement of the bearings 150, for example, within a central
portion of the rotor 104 (i.e., where the rotor 104 is thickest) may, therefore, help to
increase the overall strength of the system 100.

10
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[045] As would be understood by those of ordinary skill in the art, the sets of
hydrodynamic bearings 140 and 150 shown and described with respect to FIGS. 7 and
8 are exemplary only and may have various arrangements and configurations, and/or
may be replaced or used in conjunction with any known bearing mechanism and/or
system. Other types, configurations, and arrangements of bearings that support the
rotor 104 with respect to the stator 106 are also possible, for example, as described in
PCT/US2015/032948.
[046] Those of ordinary skill in the art would also understand that the energy
systems 100 illustrated in FIGS. 1-8 and described above are exemplary only, and that
the blades 101, rotors 104, and stators 106 may have various configurations,
dimensions, shapes, and/or arrangements without departing from the scope of the
present disclosure and claims. Furthermore, it would be understood by those of
ordinary skill in the art that the energy systems of the present disclosure may be
configured to operate with various and changing directions of fluid flow (as illustrated by
the multi-directional arrows illustrating the fluid flow F in the figures), and are configured
to operate with both the ebb and flow of, for example, tidal currents, as well as currents
coming from only one direction, such as, for example, river currents. For example, the
shape of the blades 101 may be different for systems used in different environments
{e.g., oceans vs. rivers), so as to optimize the potential energy collection from the two-
directional and one-directional flows.

Methods of Assembling Hydroelectric Energy Systems
[047] As described in PCT/US2015/032948, the stator 106 and the rotor 104 may
be manufactured at a plant and be shipped from the manufacturing plant to the
installation location for assembly with a bridge (not shown) and/or anchoring system
(not shown).
[048] In various embodiments, for example, the rotor 104 can be formed from a
plurality of arcuate segments assembled together onsite around the outer
circumference 129 of the concrete cylinder forming the stator 106. The blades 101 can
be attached toward the front rim of the rotor 104 (e.g., along the first end 108 of the
system 100). In various embodiments, the blades 101 may be attached to the rotor via
bolts, but screws, rivets, nails, or any other connection mechanism may be used to
attach the blades 101 to the rotor 104. As above, in various additional embodiments,
one or more of the blades 101 may include a radially outward extending blade portion

11
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102 with a pedestal-like shape, such that the blade portion 102 rests on the arc-shaped
rotor 104, thereby allowing the blades 101 to carry forces more extensively into the
rotor 104. In other words, the blade portion 102 may have a base 113 having a surface
115 that extends axially along and lies back on the rotor belt 104, and which is fastened
to the rotor 104 along a surface 112 of the rotor 104 via, for example, bolts and/or an
epoxy material.

[049] Accordingly, in accordance with various embodiments, a method for
manufacturing and installing a hydroelectric energy system, such as, for example, the
energy system 100 can include assembling a plurality of pre-fabricated rotor segments
(not shown) (i.e., at a manufacturing plant) on the stator 106 as described in
PCT/US2015/032948. For example, the rotor segments may be substantially arcuate
segments that fit together on an outer circumferential surface 129 of the stator 106 to
form the rotor 104 of the energy system 100. As above, the rotor 104 can have a
flexible belt structure that is radially spaced from the outer circumferential surface 129
of the stator 106 and centered with respect {o the stator 106. The rotor 104 may, for
example, be made of a composite material encapsulating the electricity generating
components (i.e., magnets 114), and an electrical transmission conduit 122 may be run
through the stator 106 for conveying generated electricity from the energy system 100
for use or storage (see FIGS. 2-4).

[050] In various embodiments, for example, the segments (or composite arcs) may
be fabricated with preformed slots 136 for the teeth 152 of the axial bearing system 150
(see FIG. 8). In this manner, as the belt structure of the rotor 104 is installed over the
stator 106, the segments can slide over the teeth 152. Once the belt is in place around
the stator 108 (i.e., forming the rotor 104), the teeth 152 can be attached to the
concrete of the stator 106 via bolts 154 (e.g., flat head bolts) to secure the axial bearing
system 150. To facilitate the insertion of the bolts 154, in accordance with various
exemplary embodiments, the rotor 104 may be fabricated to include access holes 158
and the stator 106 may be cast to include sockets 160.

[051] As would be understood by those of ordinary skill in the art, although the
present disclosure is generally described with reference generating energy via tidal
currents, the energy systems and features disclosed herein are applicable to a wide
range of fluid flow applications including, but not limited to, ocean and tidal
environments, rivers, and streams, as well as fluids other than water.

12
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[052] This description and the accompanying drawings that illustrate exemplary
embodiments should not be taken as limiting. Various mechanical, compositional,
structural, electrical, and operational changes may be made without departing from the
scope of this description and the claims, including equivalents. In some instances, well-
known structures and techniques have not been shown or described in detail so as not
to obscure the disclosure. Furthermore, elements and their associated features that
are described in detail with reference to one embodiment may, whenever practical, be
included in other embodiments in which they are not specifically shown or described.
For example, if an element is described in detail with reference to one embodiment and
is not described with reference to a second embodiment, the element may nevertheless
be included in the second embodiment.

[053] It is noted that, as used herein, the singular forms “a,” “an,” and “the,” and
any singular use of any word, include plural referents unless expressly and
unequivocally limited to one referent. As used herein, the term “include” and its
grammatical variants are intended to be non-limiting, such that recitation of items in a
list is not to the exclusion of other like items that can be substituted or added to the
listed items.

[054] Further, this description’s terminology is not intended to limit the

disclosure. For example, spatially relative terms—such as “upstream,” downstream,”
“beneath,” “below,” “lower,” “above,” “upper,” “forward,” “front,” “behind,” and the like—
may be used to describe one element's or feature’s relationship to another element or
feature as illustrated in the orientation of the figures. These spatially relative terms are
intended to encompass different positions and orientations of a device in use or
operation in addition to the position and orientation shown in the figures. For example,
if a device in the figures is inverted, elements described as “below” or “beneath” other
elements or features would then be “above” or “over” the other elements or features.
Thus, the exemplary term “below” can encompass both positions and orientations of
above and below. A device may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein interpreted accordingly.
[055] Further modifications and alternative embodiments will be apparent to those
of ordinary skill in the art in view of the disclosure herein. For example, the devices
may include additional components that were omitted from the diagrams and
description for clarity of operation. Accordingly, this description is to be construed as
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illustrative only and is for the purpose of teaching those skilled in the art the general
manner of carrying out the present disclosure. It is to be understood that the various
embodiments shown and described herein are to be taken as exemplary. Changes may

be made in the elements described herein without departing from the scope of the present
disclosure.

[056] It is to be understood that the particular examples and embodiments set forth
herein are non-limiting, and modifications to structure, dimensions, materials, and
methodologies may be made without departing from the scope of the present
disclosure. Other embodiments in accordance with the present disclosure will be
apparent to those skilled in the art from consideration of the specification and practice
of the invention disclosed herein. It is intended that the specification and examples be
considered as exemplary only, with being entitled to their full breadth of scope,
including equivalents.
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CLAIMS:

1. A method of manufacturing a hydroelectric energy system, the method

comprising:
assembling a concrete stator;

sliding a plurality of composite arcs forming a rotor around a radially outer
circumferential surface of the concrete stator, wherein sliding the composite arcs
comprises sliding the composite arcs over a plurality of teeth on the concrete stator; and

bolting the teeth to the concrete stator.

2. The method of claim 1, further comprising fabricating the plurality of
composite arcs from a composite material.

3. The method of claim 2, wherein fabricating the plurality of composite arcs
from the composite material comprises fabricating the plurality of composite arcs from a
carbon-fiber material.

4. The method of claim 2, wherein fabricating the plurality of composite arcs
comprises encapsulating one or more electricity generating elements into each of the
plurality of composite arcs.

5. The method of claim 2, wherein fabricating the plurality of composite arcs
comprises inserting one or more magnets within an interior of each of the composite
arcs such that the one or more magnets are positioned proximal to an inner
circumferential surface of the rotor.

6. The method of claim 2, wherein fabricating the plurality of composite arcs
comprises forming a slot within each of the composite arcs, each slot containing a
stainless steel or carbon fiber material.

7. The method of claim 1, wherein bolting the teeth to the concrete stator
comprises inserting a respective bolt through an access hole in each of the composite
arcs and into the concrete stator.
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8. The method of claim 1, wherein assembling the concrete stator comprises
casting the stator out of concrete.

9. The method of claim 8, wherein casting the stator out of concrete includes
forming one or more passages within the concrete of the stator, each of the passages
being configured to receive a respective conduit for connection to one or more electricity
generating elements.

10. The method of claim 1, wherein sliding the composite arcs over the
plurality of teeth comprises engaging the plurality of teeth with slots in the composite

arcs.

11. The method of claim 10, wherein the plurality of teeth comprise wood or
composite teeth affixed to the outer circumferential surface of the stator, and wherein
engaging the plurality of teeth with the slots comprises engaging the wood or composite
teeth with slots formed in an inner circumferential surface of the rotor, each slot
containing a stainless steel or carbon fiber material.

12. The method of claim 1, further comprising attaching one or more blades to
the plurality of composite arcs forming the rotor.

13. The method of claim 12, wherein attaching the one or more blades to the
plurality of composite arcs comprises bolting the one or more blades to the plurality of
composite arcs.

14. The method of claim 1, wherein sliding the plurality of composite arcs
comprises sliding an inner circumferential surface of the rotor over the outer
circumferential surface of the stator to form at least one hydrodynamic bearing between
the rotor and the stator.
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