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MULTI-POWER SOURCE WIND TURBINES

Cross-Reference to Related Application
[0001] This application claims the benefit of U.S. Provisional Application No. 62/564,722,
filed September 28, 2017.

Background

[0002] A wind turbine is a structure that generates electrical power from wind energy. The
wind turbine includes blades that catch wind as it blows to rotate a rotor and generate energy
that is converted from rotational energy to electric energy by a generator. The blades catch
the wind and drive the rotor thereby converting energy in the wind into rotational energy. A
generator is connected to the turbine rotor to convert the rotational energy into electric
energy. The amount of wind blowing in the area surrounding approximate the wind turbine

determines the amount of energy generated by the wind turbine.

Brief Description of the Drawings

[0003] The present description will be understood more fully from the detailed description
given below and from the accompanying drawings of various embodiments of the present
embodiment, which is not to be taken to limit the present embodiment to the specific
embodiments but are for explanation and understanding.

[0004] FIG. 1A illustrates a side exposed view of a wind turbine with blades that include

solar cells, according to an embodiment.

[0005] FIG. 1B illustrates a side exposed view of a wind turbine with an external rotor
system, according to an embodiment.

[0006] FIG. 2A illustrates a top perspective view of a blade of the wind turbine in FIG. 1,
according to an embodiment.

[0007] FIG. 2B illustrates a side exposed view of the blade in FIG. 2A, according to an
embodiment.

[0008] FIG. 2C illustrates a top perspective view of a blade, according to an embodiment.
[0009] FIG. 3A illustrates a rotor system configured to attach to the first shaft in FIG. 1,
according to an embodiment

[0010] FIG. 3B illustrates a rotor system configured to attach to the first shaft in FIG. 1,

according to an embodiment.
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Detailed Description

[0011] The disclosed multi-power source wind turbines will become better understood
through review of the following detailed description in conjunction with the figures. The
detailed description and figures provide merely examples of the various inventions described
herein. Those skilled in the art will understand that the disclosed examples may be varied,
modified, and altered without departing from the scope of the inventions described herein.
Many variations are contemplated for different applications and design considerations;
however, for the sake of brevity, each and every contemplated variation is not individually
described in the following detailed description.

[0012] Throughout the following detailed description, a variety of multi-power source wind
turbine examples are provided. Related features in the examples may be identical, similar, or
dissimilar in different examples. For the sake of brevity, related features will not be
redundantly explained in each example. Instead, the use of related feature names will cue the
reader that the feature with a related feature name may be similar to the related feature in an
example explained previously. Features specific to a given example will be described in that
particular example. The reader should understand that a given feature need not be the same or
similar to the specific portrayal of a related feature in any given figure or example.

[0013] A wind turbine is an apparatus that converts kinetic energy from the wind into
electricity. Conventional wind turbines include one or more blades attached to a rotor. The
blades are configured to catch the wind as the wind blows and turn the rotor. Conventionally,
the blades of a wind turbine turn between 13 and 20 revolutions per minute (RPM), where the
RMP of the rotor varies in relation to the velocity of the wind. As the wind blows at a greater
velocity, the blades catch an increased amount of wind and rotate at an increased RPM. As
the blades rotate at the increased RPM, the rotor spins at a great speed, converting an
increased amount of kinetic energy to rotational energy. Conventionally, the rotor is
connected to a generator that the converts the rotational energy into electric energy that may
be supplied into a power grid or stored at a power storage device. With an increasing demand
for power to support the growing consumption of power by individuals and businesses, wind
turbines may be a desired source of power. However, conventional the wind turbines are
dependent on the amount of wind blowing in an area surrounding the wind turbine. When
there is little to no wind in the surrounding area, the wind turbines do not generate power and
may be rendered relatively useless during the periods. While conventional wind turbines may
include mechanisms to increase the RPMs generated in low wind conditions and/or include

generators adapted for the low speed, the conventional wind turbines still require a threshold
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amount of wind in order to generate electric energy. For example, the downtime of a
conventional wind turbine due to low wind conditions and no wind conditions is
approximately 30 percent of the potential operational time of the wind turbine.

[0014] Implementations of the disclosure address the above-mentioned deficiencies and other
deficiencies by providing a method, system, device, and/or apparatus to generate electric
energy when the velocity of the wind is insufficient and/or generate energy in addition to the
energy generated from the kinetic energy of the wind. The method, system, device, or
apparatus may utilize solar cells mounted to the wind turbine to generate solar power. In one
example, the solar cells may be mounted to the blades, exterior body of the wind turbine,
and/or other surfaces of the wind turbine exposed to the sun. One advantage of the solar cells
being integrated into the wind turbine may be to generate solar power during down times of
the wind turbine. Another advantage of the solar cells being integrated into the wind turbine
may be to generate additional electricity when the wind turbine is active.

[0015] FIG. 1 illustrates a side exposed view of a wind turbine 100 with blades 102 that
include solar cells 104, according to an embodiment. The wind turbine 100 may be
configured to convert kinetic energy from wind power from the sun into electrical power. The
wind turbine 100 may include one or more blades 102 and a first shaft 112. The blades 102
may be connected to the first shaft 112. The blades 102 may lift and rotate when the wind is
blown over them, causing the first shaft 112 to spin. In one embodiment, the wind turbine
100 may include a single blade 102. In another embodiment, the wind turbine 100 may
include multiple blades 102, such as two blades 102 or three blades 102. The wind turbine
100 may also include a spinner 106 that may attach to a front or nose of the wind turbine to
protect the interior parts of the wind turbine and also force additional wind toward the blades
102. The spinner 106 may be part of a housing of the wind turbine 100 that includes a cavity
that stores a portion of a hub 108, at least a portion of a first shaft 112, and rotor system 113.
[0016] In another embodiment, the blades 102 may include solar cells 104 integrated into a
surface of the blades 102. In one embodiment, the solar cells 104 may be attached to the
exterior surface of the blades 102. In one example, the solar cells 104 may be a film that may
adhere to an exterior surface of the blades 102. In another example, the solar cells 104 may
be a substrate, such as a tile or a wafer, that may be fastened to the exterior surface of the
blades 102. The film and/or the substrate may be attached to the blades 102 by an adhesive, a
bolt, hooks, fasteners, and so forth.

[0017] In another embodiment, the solar cells 104 may be integrated into the surface of the

blades 102. In one example, the exterior surface of the blades 102 may be a material used to
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absorb solar energy. In another example, one or more material used for solar cells 104 may be
applied directly to the exterior surface of the blades 102. In one embodiment, once the solar
cell material is applied to the surface of the blades 102, a protective material may be applied
over the solar cell material to protect the solar cell material from damage, such as wind
damage, dust damage, water damage, impact damage, and so forth.

[0018] The solar cell material may include silicon material, plexiglass material, cadmium
telluride material, concentrator photovoltaics (PC) material, copper indium gallium selenide
material, crystalline silicon material, gallium arsenide germanium material, luminescent
material, monocrystalline material, organic material, nanocrystal material, perovskite
material, photoelectrochemical material, plasmonic material, polycrystalline material,
quantum dot material, solid-state material, film material, water-based crystalline material, and
so forth. The protective material may include a glass material, a plexiglass material, a plastic
material, a resin material, a fiberglass material, a sapphire material, a ceramic material, or
other types of transparent material or translucent material that allow solar energy to pass
through the protective material to reach the solar cell material.

[0019] The blades 102 may collect multiple types of energy to convert to electric energy. For
example, as wind rotates the blades 102, the blades 102 may collect kinetic energy from the
wind that is converted to electric energy, as discussed below. In another example, the solar
cells 104 of the blades 102 may collect solar energy from the sun that is also converted into
electric energy, as discussed below.

[0020] The blades 102 may be connected to the first shaft 112 by a hub 108. The hub 108
connects the blades 102 to the first shaft 112 and a drive train of the wind turbine 100. The
hub 108 may rotate on or with an axle from which the blades 102 radiate. As the blades 102
catch the wind, the blades 102 may rotate, which in tumn rotate the hub 108 and the first shaft
112.

[0021] One or more rotor systems 113 may be attached the hub 108. In one embodiment, the
rotor system 113 may include rings connected to a body or housing of the wind turbine 100
and may remain fixed and stationary as the first shaft 112 rotates. The rotor system 113 may
remain stationary as the solar cells 104 pass an electric current to the slip rings via the wires
110 pressing against the rotor system 113. In one example, the wires 110 may include
brushes or contacts, such as stationary graphite or metal contacts, that contact or rub on the
outside diameter of a ring of the rotor system 113. In one example, to connect the solar cells
104 of the blades 102, one or more wires 110 may run from the solar cells 104 or an

interconnected array of solar cells to the rotor system 113. In one embodiment, the solar cells
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104 may be connected to the rotor system 113 by a single wire 110 or multiple wires 110. In
one example, a first end of a wire 110 may be connected to the solar cells 104. The wire 110
may extend from the solar cells 104 into the spinner 106 via a hole or holes in the hub 108. In
one embodiment, the hole(s) may be smoothed out to maintain an aerodynamic configuration
of the wind turbine 100.

[0022] The wires 110 may include brushes to form a positive power connection (+ve) with
the rotor system 113 and brushes to form a negative power connection (—ve ) with the rotor
system 113. The brushes of the wires 110 may be radially located at different locations of the
rotor system 113 and along the same plane of the rotor system 113. In one embodiment, the
brushes may maintain constant or continuous contact with the ring of the rotor system 113 to
transfer the electrical power as the wires and brushes rotate.

[0023] The rotor system 113 may allow the blades 102 and the hub 108 to rotate about the
first shaft 112 while maintaining an electrical connection with the solar cells 104. The first
shaft 112 may be connected to a bearing 114 that holds the first shaft 112 in position relative
to the body of the wind turbine 100 while allowing the first shaft 112 to rotate about an axis.
A gearbox 116 may also be attached to the first shaft 112. The gearbox 116 may connect the
first shaft 112 to a second shaft 120. The first shaft 112 may be a low-speed shaft and the
second shaft 120 may be a high-speed shaft. In one embodiment, the first shaft 112 and the
second shaft 120 may be separate shafts that connect at the gearbox 116. In another
embodiment, the shaft may be a single shaft where the first shaft 112 may be a first sub-shaft
(i.e. a first portion of the shaft) and the second shaft 120 may be a second sub-shaft (i.e. a
second portion of the shaft). The gearbox 116 may convert a rotational speed of the first shaft
112 from a low speed (such as 30-60 rotations per minute) to a high speed (such as 1,000-
1,800 rotations per minute) for the second shaft 120. In one embodiment, the rotational speed
may be converted from the low speed to the high speed to produce a threshold rotational
speed for a generator 118 to produce electricity. In another embodiment, the wind turbine 100
may include a direct-drive generator 118 that may operate at a low speed such that the first
shaft 112 and the second shaft 120 are a single shaft that connects directly to the generator
118 without the gearbox 116. In another embodiment, the first shaft 112 may be extended or
lengthened to accommodate the brushes and the ring.

[0024] The wind turbine 100 may include a nacelle 122 that may store a portion of the first
shaft 112, the second shaft 120 the bearing 114, the gearbox 116, and the generator 118. The
wind turbine 100 may also include a tower 124 to support the upper portion of the wind

turbine 100, including the spinner 106, the nacelle 122, and other structures of the wind
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turbine 100. In one example, the tower 124 may be tubular steel, concrete, steel lattice, and so
forth.

[0025] The wind turbine 100 may include wires 126 and wires 128 to conduct the power
from the wind turbine 100 to another power source. In one example, the wires 126 may be an
alternating current (AC) power line that may be connected to the generator 118. The wires
126 may conduct AC power from the generator 118 to the power source. In another example,
the wires 128 may be a direct current (DC) power line that may be connected to the rotor
system 113. The wires 128 may conduct DC power from the rotor system 113 to the power
source. The power source may be a battery, a power grid, and so forth.

[0026] FIG. 1B illustrates a side exposed view of a wind turbine with an external rotor
system, according to an embodiment. Some of the features in FIG. 1B are the same or similar
to some of the features in FIG. 1A as noted by same reference numbers, unless expressly
described otherwise. In one embodiment as discussed above, the rotor system 113 may be
located in a cavity of the spinner 106. In another embodiment, the rotor system 113 may
attached to an external surface of the spinner 106 and/or the blades 102. For example, when
the rotor system 113 includes a wireless power system or a slip ring system, as discussed
below, a first portion of the rotor system 113 may be connected to one or more of the blades
102 and a second portion of the rotor system 113 may be connected to the eternal surface of
the spinner 106.

[0027] FIG. 2A illustrates a top perspective view of a blade 200 of the wind turbine 100 in
FIG. 1, according to an embodiment. As discussed above, the blade 200 may be connected to
the hub 108 of the wind turbine 100 in FIG. 1. The blade 200 may be an airfoil. The airfoil
may be a structure with curved surfaces shaped to catch the wind. In one embodiment, the
blade 200 may include a top surface 202, solar cells 204, a bottom surface 206, a leading
edge 208, a trailing edge 210, and an opening 212. In one example, the leading edge 208 may
be rounded and the trailing edge may be taper to a sharp edge. In another example, the top
surface 202 and the bottom surface 206 may be curved. In one embodiment, the curvature of
the top surface 202 and the bottom surface 206 may be symmetric or substantially symmetric.
[0028] In one embodiment, the solar cells 204 may be attached to the top surface 202 and/or
the bottom surface 206 by fasteners. The fasteners may be bolts, adhesives, hooks, rivets, and
so forth. In another embodiment, the solar cells 204 may be integrated into the top surface
202 and/or the bottom surface 206. For example, the solar cells 204 may be solar cell film
fixedly bonded to the exposed surfaces (including the top surface 202 and/or the bottom
surface 206) of the blade 200. The location where the solar cells 204 are attached and/or are
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integrated into the blade 200 is not intended to be limiting. For example, the solar cells 204
may be attached or integrated into any surface of the blade 200 that is not a moving
component of the blade 200.

[0029] In one embodiment, the solar cells 204 may be thin film modules that include solar
cells. The thin film modules may be mounted to the blade 200 by: depositing one or more
thin layers of orthin film (TF) of photovoltaic material on a substrate, such as glass, plastic or
metal; creating crystalline-amorphous silicon{c-Si) cells and proto-crystalline silicon (pc~Si)
on a glass substrate or superstrate and creating electrical connections by monolithic
integration; and creating flexible thin-film cells and module depositing photoactive layers
and/or other layers on a flexible substrate. In one example, the glass substrate or superstrate
of solar cell 204 may have a threshold optical transparency level to allow the solar cells 204
to receive sunlight. In another example, the solar cells 204 may be assembled into modules
by laminating the solar cells 204 onto a transparent colorless fluoropolymer on the first side
of a substrate (typically ETFE or FEP) and laminating a polymer suitable for bonding to the
blade 200 on a second side of the substrate.

[0030] In one embodiment, the blade 200 may include an opening 212 to connect the blade
200 to the hub 108 in FIG. 1. For example, the hub 108 may include an arm that extends from
the hub 108 and is shaped to fit within the opening 212 to connect the blade 200 to the hub
108.

[0031] FIG. 2B illustrates a side exposed view of the blade 200 in FIG. 2A, according to an
embodiment. Some of the features in FIG. 2B are the same or similar to some of the features
in FIG. 2A as noted by same reference numbers, unless expressly described otherwise. The
blade 200 may include a support structure 214 located at an interior cavity of the blade 200.
For example, the blade 200 may be hollow to reduce a weight of the blade 200. The support
structure 214 may support the exterior body of the blade 200.

[0032] The support structure 214 may include a first arm 216 that extends from a bottom of
the blade 200 to a top of the blade 200 at a first location. The support structure 214 may
include a second arm 218 that extends from a bottom of the blade 200 to a top of the blade
200 at a second location. The support structure 214 may include a crossbar 220 that extends
between the first arm 216 and the second arm 218.

[0033] FIG. 2C illustrates a top perspective view of a blade 250, according to an
embodiment. The blade 250 may be an airfoil with a curved body. The blade 250 may include
aleading edge flap 252, a vortex generator 254, spoilers 256, a trailing edge flap 258, an

exterior surface of the blade 250, and solar cells 262. In one embodiment, the leading edge
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flap 252 may be a first flap attached to a front of the blade 250. The trailing edge flap 258
may be a second flap attached to a back of the blade 250. The leading edge flap 252 and the
trailing edge flap 258 may be configured to reduce or eliminate a flow separation of wind and
increases blade performance. The vortex generators 254 may be one or more small fins
(relative to the size of the blade 250) that are configured to also reduce the flow separation of
the wind and improve a lift of the blade 250. The spoilers 256 may be flaps attached to the
front and/or the back of the blade 250. In one embodiment, the spoilers 256 may extend
upward or downward, relative to a top or bottom surface of the blade 250, to create drag and
reduce a speed of the blade 250. In another embodiment, the spoilers 256 may separate an air
flow from a surface of the blade 250 when in an elevated position to minimize the drag of the
blade 250, which increases a power of the blade 250.

[0034] In one embodiment, the solar cells 262 may be attached to the exterior surface 260 of
the blade 250 by fasteners. The fasteners may be bolts, adhesives, hooks, rivets, and so forth.
In another embodiment, the solar cells 262 may be integrated into the exterior surface 260 of
the blade 250. For example, the solar cells 262 may be solar cell film fixedly bonded to the
exterior surface 260 of the blade 200. The location where the solar cells 262 attach and/or are
integrated into the blade 250 is not intended to be limiting. For example, the solar cells 262
may be attached or integrated into any surface of the blade 250 that is not a moving
component of the blade 250.

[0035] The designs, shapes, and/or configurations of the blades 200 and 250 in FIGS. 2A-2C
are not intended to be limiting. For example, the designs, shapes, and/or configurations of the
blades of the wind turbine 100 in FIG. 1A may vary based on the aerodynamics and
mechanical forming of the wind turbine 100. The blades 200 and 250 are exemplary blades
that may be attached to the wind turbine 100.

[0036] FIG. 3A illustrates a rotor system 300 configured to attach to the first shaft 112 in
FIG. 1, according to an embodiment. In one embodiment, the rotor system 300 may be the
rotor system 113 as shown in FIG. 1. The rotor system 300 may include the first shaft 112, a
first induction coil 302, and a second induction coil 304. The rotor system 300 may be an
induction system to transfer power between the first induction coil 302 and the second
induction coil 304 without making any physical contact between the first induction coil 302
and the second induction coil 304. Inductive charging (also referred to as wireless charging or
cordless charging) uses an electromagnetic field 306 to transfer energy between the first

induction coil 302 and the second induction coil 304.
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[0037] In one embodiment, the second induction coil 304 may be electrically connected to
the solar cells 104 by the wires 110. As the solar cells 104 receive the energy from the sun,
the solar cells 104 may transfer the energy to the second induction coil 304 via the wires 110.
When the second induction coil 304 receives the energy, the second induction coil 304 may
induce the electromagnetic field 306. The electromagnetic field 306 may induce a current at
the first induction coil 302. The current may then be transferred to a power source via the
wires 128, as discussed above. As discussed above, the blades 102 may cause the spinner
106, the hub 108, and/or the first shaft 112 in FIG. 1 to rotate. The contactless transfer of the
power between the first induction coil 302 and the second induction coil 304 may allow the
power to be transferred from the solar cells 104 in FIG. 1 without the wires 110 and/or 128 to
become entangled, wristed, or broken as the blades 102, the spinner 106, the hub 108, and/or
the first shaft 112 as they rotate while the remaining portion of the wind turbine 100 remains
fixed and stationary.

[0038] FIG. 3B illustrates a rotor system 350 configured to attach to the first shaft 112 in
FIG. 1, according to an embodiment. In one embodiment, the rotor system 350 may be the
rotor system 113 as shown in FIG. 1. The rotor system 350 may include the first shaft 112, a
ring 352, a first brush 358, and a second brush 362. The ring 352 may be connected to the
first shaft 112. The ring 352 may include a first contact ring 354 and a second contact ring
356. The first contact ring 354 may correspond with a location of the first brush 358 such that
the first brush 358 may contact a portion of the first contact ring 354. The second contact ring
356 may correspond with a location of the second brush 362, such that the second brush 362
may contact a portion of the second contact ring 356. In one embodiment, the first brush 358,
the second brush 362, the first contact ring 354, and/or the second contact ring 356 may
include one or more materials that conduct electricity. The materials may include metals
(such as copper), electrolytes, superconductors, semiconductors, plasmas, nonmetallic
conductors (such as graphite), conductive polymers, and so forth.

[0039] The first brush 358 and the second brush 362 may be connected to the solar cells 104
of the wind turbine 100 by the wires 110 in FIG. 1. In one example, the wires 110 may
include a first wire that conducts a positive current and connects to the first brush 358. In
another example, the wires 110 may include a second wire that conducts a negative current
and connects to the second brush 362. As the blades 102, the spinner 106, the hub 108, and/or
the first shaft 112 rotate, the first brush 358 may rotate about the first contact ring 354 and the
second brush 362 may rotate about the second contact ring 356 as the ring 352 remains fixed

and stationary. The currents may be transferred from the first brush 358 and the second brush
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362 to the wires 128 via the first contact ring 354 and the second contact ring 356. The
current may be transferred along the wires 128 to the power source, as discussed above.
[0040] As discussed above, the blades 102 may cause the spinner 106, the hub 108, and/or
the first shaft 112 in FIG. 1 to rotate. The rotor system 350 to transfer the power between the
first brush 358 and the first contact ring 354 and the second brush 362 and the second contact
ring 356 may allow the power to be transferred from the solar cells 104 in FIG. 1 without the
wires 110 and/or the wires 128 becoming entangled, wristed, or broken as the blades 102, the
spinner 106, the hub 108, and/or the first shaft 112 rotate while the remaining portion of the
wind turbine 100 remains fixed and stationary. In one embodiment, the ring 352 is insulated
from the first shaft 112.

[0041] The number of induction coils, brushes, and/or contact rings in the rotor systems 300
and 350 in FIGS. 3A and 3B are not intended to be limiting. In one example, the wind turbine
100 in FIG. 1 may include the rotor system 300 and the rotor system 350. In another example,
the number of induction coils the rotor system 300 may include and/or the number of brushes
and contact rings the rotor system 350 may include may vary based on the amount of energy
the solar cells 104 of FIG. 1 may generate. In this example, as the amount of energy the solar
cells 104 generate increases, the number of induction coils the rotor system 300 may include
and/or the number of brushes and contact rings the rotor system 350 may increase.

[0042] The disclosure above encompasses multiple distinct embodiments with independent
utility. While these embodiments have been disclosed in a particular form, the specific
embodiments disclosed and illustrated above are not to be considered in a limiting sense as
numerous variations are possible. The subject matter of the embodiments includes the novel
and non-obvious combinations and sub-combinations of the various elements, features,
functions and/or properties disclosed above and inherent to those skilled in the art pertaining
to such embodiments. Where the disclosure or subsequently filed claims recite “a” element,
“a first” element, or any such equivalent term, the disclosure or claims is to be understood to
incorporate one or more such elements, neither requiring nor excluding two or more such
elements.

[0043] Applicant(s) reserves the right to submit claims directed to combinations and sub-
combinations of the disclosed embodiments that are believed to be novel and non-obvious.
Embodiments embodied in other combinations and sub-combinations of features, functions,
elements and/or properties may be claimed through amendment of those claims or
presentation of new claims in the present application or in a related application. Such

amended or new claims, whether they are directed to the same embodiment or a different
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embodiment and whether they are different, broader, narrower or equal in scope to the

original claims, are to be considered within the subject matter of the embodiments described

herein.
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Claims:
1. A system, comprising:

a housing of a wind turbine;

a first blade extending from the housing of the wind turbine, the first blade configured
to catch wind from a surrounding area to rotate the first blade and convert kinetic energy into
rotational energy;

a first solar cell connected to an exterior surface of the first blade, the first solar cell
configured to convert solar energy into first electric energy;

a hub connected to an end of the first blade, the hub being located at an interior cavity
of the housing;

a shaft connected to the hub, the shaft configured to rotate about an axis as the first
blade converts the kinetic energy into the rotational energy;

arotor system electrically connected to the first solar cell to receive the first electric
energy from the first solar cell, the rotor system being configured to remain stationary
relative to the first blade as the first blade rotates, wherein the rotor system is configured to
send the first electric energy to a power source; and

a generator connected to the shaft, the generator configured to convert the rotational
energy to second electric energy, wherein the generator is configured to send the second

electric energy to the power source.

2. The system of claim 1, wherein the rotor system is a slip ring comprising:
aring attached to an interior portion of the housing, the ring including a contact ring
configured to conduct electricity, wherein the ring is configured to remain stationary relative
to the first blade as the first blade rotates;
a wire connected to the first solar cell, the wire extending from the first solar cell and
through the hub to an area approximate the ring; and
a brush comprising:
a first end connected to an end of the wire; and
a second end comprising a bristle, wherein when the bristle contacts the
contact ring, the bristle is to form an electrical connection to conduct the first electric
energy from the first solar cell to the contact ring.
3. The system of claim 2, wherein brush remains in contact with the contact ring to conduct
the first electric energy to the contact ring as the first blade, the hub, and the shaft rotate

about the axis.
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4. The system of claim 1, wherein the rotor system is a wireless power device comprising:

a first induction coil electrically connected to the first solar cell, the first induction
coil being attached to the hub; and

a second induction coil attached to the interior cavity of the housing, the second
induction coil configured to wirelessly receive the first electric energy from the first
induction coil, wherein the second induction is configured to send the first electric energy to

the power source.

5. The system of claim 4, wherein:

the first induction coil rotates about the axis as the first blade, the hub, and the shaft
rotate about the axis; and

the second induction coil remains stationary relative to the first induction coil as the
first induction coil rotates about the axis, wherein the second induction coil is configured to
wirelessly receive the first electric energy from the first induction coil as the first induction

coil rotates about the axis.

6. The system of claim 1, wherein the first solar cell is a film attached to the exterior surface
of the first blade.

7. The system of claim 6, wherein:
the film is bonded to the exterior surface of the first blade; or

the film is attached to the exterior surface of the first blade by a fastener.

8. The system of claim 1, wherein the first solar cell is integrated into the exterior surface of
the first blade.

9. The system of claim 8, wherein the first solar cell is covered by a protective material,
wherein the protective material is a transparent material or a translucent material that allow
solar energy to pass through the protective material to reach the first solar cell while

protecting the first solar cell.

10. The system of claim 1, further comprising:

13
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a first wire connecting the rotor system to the power source, the first wire being
configured to conduct the first electric energy from the rotor system to the power source; and
a second wire connecting the generator to the power source, the second wire being

configured to conduct the second electric energy from the generator to the power source.

11. The system of claim 1, further comprising:

a second blade extending from the housing of the wind turbine, the second blade
configured to catch wind from the surrounding area to rotate the first blade and convert
kinetic energy into rotational energy, wherein an end of the second blade is connected to the
hub; and

a second solar cell connected to an exterior surface of the second blade, the second

solar cell configured to convert solar energy into the first electric energy.

12. The system of claim 1, further comprising a gearbox connected to the shaft, wherein the
shaft comprises a first sub-shaft connected between the hub and the gearbox and a second
sub-shaft connected between the gearbox and the generator, wherein:

the first sub-shaft has a first diameter and is configured to rotate at a first rotational
speed;

the second sub-shaft has a second diameter and is configured to rotate at a second
rotational speed; and

the gearbox is configured to convert the first rotational speed to the second rotational

speed.

13. An apparatus, comprising:

a blade of a wind turbine, the blade configured to catch wind from a surrounding area
to rotate the blade and convert kinetic energy into rotational energy;

a solar cell connected to an exterior surface of the blade, the solar cell configured to
convert solar energy into electric energy; and

a rotor system electrically connected to the solar cell to receive the electric energy
from the solar cell, the rotor system being configured to remain stationary relative to the
blade as the blade rotates about an axis of the wind turbine, wherein the rotor system is

configured to send the electric energy to a power source.
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14. The apparatus of claim 13, wherein the solar cell is a substrate bonded to the exterior

surface of the blade.

15. The apparatus of claim 13, further comprising:

a first wire connected to the solar cell and configured to receive a positive current
from the solar cell; and

a second wire connected to the solar cell and configured to receive a negative current
from the solar cell, wherein the first wire and the second wire are configured to rotate about
the axis with the blade while maintaining an electrical connection with the stationary rotor

system.

16. The apparatus of claim 13, further comprising:
a shaft coupled to the blade, wherein as the blade rotates the shaft about the axis; and
a gearbox connected to the shaft, wherein the gearbox converts a first rotational speed

of a first portion of the shaft to a second rotational speed for a second portion of the shaft.

17. A device, comprising:

a blade extending from a housing of a wind turbine, the blade configured to catch
wind from a surrounding area to rotate the blade and convert kinetic energy into rotational
energy;

a solar cell connected to an exterior surface of the blade, the solar cell configured to
convert solar energy into first electric energy;

a shaft coupled to the blade, the shaft configured to rotate about an axis as the blade
converts the kinetic energy into the rotational energy;

a rotor system electrically connected to the solar cell to receive the first electric
energy from the solar cell, the rotor system being configured to remain stationary relative to
the blade as the blade rotates, wherein the rotor system is configured to send the first electric
energy to a power source; and

a generator connected to the shaft, the generator configured to convert the rotational
energy to second electric energy, wherein the generator is configured to send the second

electric energy to the power source.
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18. The device of claim 17, where the rotor system is a contactless rotor system such that the
rotor system is electrically connected to the solar cell while the rotor system remains

stationary as the blade rotates.

19. The device of claim 17, wherein the solar cell is integrated into a surface of the blade or

the solar cell is attached to the surface of the blade.
20. The device of claim 17, wherein the solar cell is covered by a protective material to

protect at least one of the blade or the solar cell while allowing light to be transmitted through

the protective material to the solar cell.
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AMENDED CLAIMS
received by the International Bureau on 14 December 2018 (14.12.2018)

AMENDMENTS TO THE CLAIMS:

This listing of claims replaces all prior claim listings and versions in the application.
Please amend the claims as indicated below. Material to be inserted is indicated by underline
text, and material to be deleted is indicated with a strikeout line or [[bracketed within double
brackets]] if five or fewer consecutive characters are being deleted and double brackets would be

more clear.

1. A system, comprising:

a housing of a wind turbine;

a first blade extending from the housing of the wind turbine, the first blade configured to
catch wind from a surrounding area to rotate the first blade and convert kinetic energy into
rotational energy;

a first solar cell connected to an exterior surface of the first blade, the first solar cell
configured to convert solar energy into direct current (DC) energy;

a hub connected to an end of the first blade, the hub being located at an interior cavity of
the housing;

a shaft connected to the hub, the shaft configured to rotate about an axis as the first blade
converts the kinetic energy into the rotational energy;

a rotor system electrically connected to the first solar cell to receive the DC energy from
the first solar cell, the rotor system being configured to remain stationary relative to the first
blade as the first blade rotates

a first set of wires connected to the rotor system, wherein the first set of wires is
configured to send the DC energy to a first power source;

a generator connected to the shaft, the generator configured to convert the rotational
energy to alternating current (AC) energy; and

a second set of wires connected to the generator, wherein the second set of wires is

configured to send the AC energy to a second power source.

2. The system of claim 1, wherein the rotor system is a slip ring comprising:

17
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a ring attached to an interior portion of the housing, the ring including a contact ring
configured to conduct electricity, wherein the ring is configured to remain stationary relative to
the first blade as the first blade rotates;

a wire connected to the first solar cell, the wire extending from the first solar cell and
through the hub to an area approximate the ring; and

a brush comprising:

a first end connected to an end of the wire; and
a second end comprising a bristle, wherein when the bristle contacts the contact
ring, the bristle is to form an electrical connection to conduct the DC energy from the

first solar cell to the contact ring.

3. The system of claim 2, wherein brush remains in contact with the contact ring to conduct the

DC energy to the contact ring as the first blade, the hub, and the shaft rotate about the axis.

4. The system of claim 1, wherein the rotor system is a wireless power device comprising:

a first induction coil electrically connected to the first solar cell, the first induction coil
being attached to the hub; and

a second induction coil attached to the interior cavity of the housing, the second induction
coil configured to wirelessly receive the DC energy from the first induction coil, wherein the

second induction coil is configured to send the DC energy to the first power source.

5. The system of claim 4, wherein:

the first induction coil rotates about the axis as the first blade, the hub, and the shaft
rotate about the axis; and

the second induction coil remains stationary relative to the first induction coil as the first
induction coil rotates about the axis, wherein the second induction coil is configured to
wirelessly receive the DC energy from the first induction coil as the first induction coil rotates

about the axis.

6. The system of claim 1, wherein the first solar cell is a film attached to the exterior surface of

the first blade.
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7. The system of claim 6, wherein:
the film i1s bonded to the exterior surface of the first blade; or

the film 1s attached to the exterior surface of the first blade by a fastener.

8. The system of claim 1, wherein the first solar cell is integrated into the exterior surface of the

first blade.

9. The system of claim 8, wherein the first solar cell is covered by a protective material, wherein
the protective material is a transparent material or a translucent material that allow solar energy
to pass through the protective material to reach the first solar cell while protecting the first solar

cell.

10. The system of claim 1, further comprising;:

a second blade extending from the housing of the wind turbine, the second blade
configured to catch wind from the surrounding area to rotate the first blade and convert kinetic
energy into rotational energy, wherein an end of the second blade is connected to the hub; and

a second solar cell connected to an exterior surface of the second blade, the second solar

cell configured to convert solar energy into the DC energy.

11. The system of claim 1, further comprising a gearbox connected to the shaft, wherein the shaft
comprises a first sub-shaft connected between the hub and the gearbox and a second sub-shaft
connected between the gearbox and the generator, wherein:

the first sub-shaft has a first diameter and i1s configured to rotate at a first rotational
speed;

the second sub-shaft has a second diameter and is configured to rotate at a second
rotational speed; and

the gearbox is configured to convert the first rotational speed to the second rotational

speed.

12. An apparatus, comprising:
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a blade of a wind turbine, the blade configured to catch wind from a surrounding area to
rotate the blade and convert kinetic energy into rotational energy;
a solar cell connected to an exterior surface of the blade, the solar cell configured to
convert solar energy into electric energy; and
a rotor system electrically connected to the solar cell to receive the electric energy from
the solar cell, the rotor system being configured to remain stationary relative to the blade as the
blade rotates about an axis of the wind turbine, wherein:
the rotor system is a wireless power device comprising:
a first induction coil electrically connected to the solar cell; and
a second induction coil attached to rotor system, the second induction coil
being configured to wirelessly receive the electric energy from the first induction
coil, wherein the second induction is configured to send the electric energy to a

power source.

13. The apparatus of claim 12, wherein the solar cell is a substrate bonded to the exterior surface

of the blade.

14. The apparatus of claim 12, further comprising:

a first wire connected to the solar cell and configured to receive a positive current from
the solar cell; and

a second wire connected to the solar cell and configured to receive a negative current
from the solar cell, wherein the first wire and the second wire are configured to rotate about the

axis with the blade while maintaining an electrical connection with the stationary rotor system.

15. The apparatus of claim 12, further comprising;
a shaft coupled to the blade, wherein as the blade rotates the shaft about the axis; and
a gearbox connected to the shaft, wherein the gearbox converts a first rotational speed of

a first portion of the shaft to a second rotational speed for a second portion of the shaft.

16. A device, comprising:
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a blade extending from a housing of a wind turbine, the blade configured to catch wind
from a surrounding area to rotate the blade and convert kinetic energy into rotational energy;

a solar cell connected to an exterior surface of the blade, the solar cell configured to
convert solar energy into first electric energy;

a shaft coupled to the blade, the shaft configured to rotate about an axis as the blade
converts the kinetic energy into the rotational energy;

a rotor system electrically connected to the solar cell to receive the first electric energy
from the solar cell, the rotor system being configured to remain stationary relative to the blade as
the blade rotates, wherein:

the rotor system is configured to send the first electric energy to a power source;
and

the rotor system is a contactless rotor system such that the rotor system is
electrically connected to the solar cell while the rotor system remains stationary as the
blade rotates; and

a generator connected to the shaft, the generator configured to convert the rotational
energy to second electric energy, wherein the generator is configured to send the second electric

energy to the power source.

17. The device of claim 16, wherein the solar cell is integrated into a surface of the blade or the

solar cell 1s attached to the surface of the blade.

18. The device of claim 16, wherein the solar cell is covered by a protective material to protect at
least one of the blade or the solar cell while allowing light to be transmitted through the

protective material to the solar cell.
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