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STRUCTURAL BATTERY FOR AN
AIRCRAFT VEHICLE

TECHNICAL FIELD

[0001] This disclosure generally relates to batteries, and
more specifically to a structural battery for an aircraft
vehicle.

BACKGROUND

[0002] Traditionally, internal combustion engines have
been used to power aircraft. Batteries can present a lower
initial cost, less maintenance, and lower system mass if used
to power aircraft. However, electric aircraft are limited by a
reduced payload capacity, shorter flight range, and lower
endurance. Additionally, significant mass is added when a
large number of batteries is used to power the motors of the
aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] To assist in understanding the present disclosure,
reference is now made to the following description taken in
conjunction with the accompanying drawings, in which:
[0004] FIG. 1 illustrates an example vehicle, according to
certain embodiments;

[0005] FIG. 2 illustrates an example top portion of a
battery, according to certain embodiments;

[0006] FIG. 3 illustrates an example bottom portion of a
battery, according to certain embodiments;

[0007] FIG. 4 illustrates an example battery, according to
certain embodiments; and

[0008] FIGS. 5A and 5B illustrate an example battery,
according to certain embodiments.

DETAILED DESCRIPTION

[0009] To facilitate a better understanding of the present
disclosure, the following examples of certain embodiments
are given. The following examples are not to be read to limit
or define the scope of the disclosure. Embodiments of the
present disclosure and its advantages are best understood by
referring to FIGS. 1 through 5B, where like numbers are
used to indicate like and corresponding parts. Described
herein are various systems and methods that provide utili-
zation of one or more batteries to power and structurally
support an aircraft.

[0010] FIG. 1 illustrates an example vehicle 100. Vehicle
100 may be any suitable vessel configured for transporta-
tion, such as an aircraft. Vehicle 100 may include a body 102
(for example, a fuselage), a first wing 104, and a second
wing 106. As illustrated, both the first wing 104 and the
second wing 106 may be coupled to the body 102, wherein
the first wing 104 may be disposed opposite to the second
wing 106. The vehicle 100 may be any suitable size, height,
shape, and any combinations thereof. In embodiments, the
body 102 may be cylindrical, and the first wing 104 and the
second wing 106 may generally be rectangular. As shown,
the vehicle 100 may comprise a first grouping 108 of one or
more batteries 110 and a second grouping 112 of one or more
batteries 110.

[0011] The one or more batteries 110 may be operable to
provide power to operate the vehicle 100 and to provide
structural support for the vehicle 100. The first grouping 108
of'one or more batteries 110 may be disposed along the body
102, and the second grouping 112 of one or more batteries
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110 may be disposed along the first wing 104 and the second
wing 106. The one or more batteries 110 may be any suitable
size, height, shape, and any combinations thereof. With
reference to FIG. 1, the shape of the one or more batteries
110 of the first grouping 108 may be different from that of
the one or more batteries 110 of the second grouping 112.
For example, the one or more batteries 110 of the first
grouping 108 may be generally in a circular shape to match
the cross-section of the body 102. Further, the one or more
batteries 110 of the second grouping 112 may be generally
in a rectangular shape to accommodate the cross-section of
the first wing 104 and the second wing 106. Each of the one
or more batteries 110 may comprise a top portion 114 and a
bottom portion 116, wherein the bottom portion 116 is
disposed either in the body 102, first wing 104, or the second
wing 106 and operable to receive the top portion 114. During
operations, the top portion 114 may be interchangeable with
another top portion 114. In embodiments, the one or more
batteries 110 may comprise any suitable materials, includ-
ing, but not limited to, metals, nonmetals, polymers, ceram-
ics, composites, and any combinations thereof.

[0012] As illustrated, the vehicle 110 may further com-
prise a reservoir 118 and a pump 120. The reservoir 118 and
the pump 120 may be disposed about any suitable location
within the vehicle 100, such as within the body 102. The
reservoir 118 may be operable to contain a volume of a
substance, such as an electrolyte, to be used by the one or
more batteries 110. Without limitations, the electrolyte may
be a gel, solid, liquid, and any combinations thereof. In
embodiments wherein the electrolyte is a gel or solid, the
need for circulating liquid electrolyte may not be required.
The pump 120 may be coupled to the reservoir 118 and the
one or more batteries 110 and may be operable to direct a
flow of the electrolyte to and/or from the one or more
batteries 110.

[0013] While the example of vehicle 100 will be used
throughout this disclosure as an example application of the
methods and systems described herein, any suitable appa-
ratus or structure onto which the one or more batteries 110
may be incorporated into is also contemplated in this dis-
closure. For example, vehicle 100 may be any type of
vehicle, including an aircraft, a landcraft, a watercraft, a
train, a hovercraft, and a helicopter.

[0014] FIG. 2 illustrates a cross-sectional view of an
example top portion 114 of one of the one or more batteries
110 (referring to FIG. 1) of the first grouping 108 (referring
to FIG. 1). In embodiments, the top portion 114 may
comprise a first half of a housing 200, a surface cover 202,
and an anode 204. The first half of the housing 200 may be
any suitable size, height, shape, and any combinations
thereof. As illustrated, the first half of the housing 200 may
be semicircular for the first grouping 108. In embodiments,
the first half of the housing 200 may comprise any suitable
materials, including, but not limited to, metals, nonmetals,
polymers, ceramics, composites, and any combinations
thereof. Without limitations, the first half of the housing 200
may comprise carbon fiber composite material that is elec-
trically isolated from the anode 204 and is configured to
support structural load of the vehicle 100 (referring to FIG.
1) in addition to the anode 204. The first half of the housing
200 may comprise one or more air vents 206 disposed about
any suitable location on the first half of the housing 200. The
one or more air vents 206 may be any suitable size, height,
shape, and any combinations thereof. As shown, the one or
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more air vents 206 may be arranged as parallel, vertical lines
on the first half of the housing 200. The one or more air vents
206 may be disposed randomly, uniformly, or in a pattern
along the first half of the housing 200. As disclosed herein,
the one or more air vents 206 may be open apertures that
comprise any suitable shape. The one or more air vents 206
may be operable to allow for a flow of air to flow through
the first half of the housing 200.

[0015] The first half of the housing 200 may further
comprise electrical leads 208 disposed above the one or
more air vents 206. In other embodiments, the electrical
leads 208 may be disposed at a different location on the first
half of the housing 200. Without limitations, the electrical
leads 208 may be any suitable cabling, wiring, connection,
and combinations thereof capable of electrically coupling
the one of the one or more batteries 110 to an external
component (for example, to another battery 110).

[0016] As illustrated, the surface cover 202 may be dis-
posed on top of and/or around the first half of the housing
200. The surface cover 202 may be disposed about the
circumference of the first half of the housing 200 and may
extend in a perpendicular direction from the circumference
of the first half of the housing 200. The surface cover 202
may be operable to couple the top portion 114 of the battery
110 to the vehicle 100 (for example, to the body 102, first
wing 104, or the second wing 106). The surface cover 202
may comprise a plurality of holes 210 operable to be utilized
in fastening the top portion 114 to the vehicle 100. Any
suitable fasteners may be utilized through the plurality of
holes 210 to couple the top portion 114 to the vehicle 100.

[0017] The anode 204 may be coupled to the first half of
the housing 200 and may be at least partially disposed within
the first half of the housing 200. The anode 204 may further
extend from the first half of the housing 200. The anode 204
may be any suitable size, height, shape, and any combina-
tions thereof. As illustrated, the anode 204 may be circular.
In embodiments for the second grouping 112 (referring to
FIG. 1), the anode 204 may be rectangular. In embodiments,
the anode 204 may comprise any suitable materials, includ-
ing, but not limited to, metals, nonmetals, polymers, ceram-
ics, composites, and any combinations thereof. Without
limitations, the anode 204 may comprise aluminum, an
aluminum alloy, magnesium, a magnesium alloy, carbon
fiber composites, and any combinations thereof. The anode
204 may be configured to support a structural load for the
vehicle 100 during production of an electrical charge
through corrosion of the anode 204. As illustrated, there may
be a gap 212 disposed between the anode 204 and each side
of the first half of the housing 200. The gap 212 may be
operable to receive a pair of cathodes (for example, pair of
cathodes 302 in FIG. 3) and may contain a suitable electro-
lyte that has been introduced into the battery 110 once the
top portion 114 has coupled to the bottom portion 116
(referring to FIG. 1). There may be a seal 214 disposed on
each side of the anode 204 operable to seal each respective
side of the anode 204 to one of the pair of cathodes once the
top portion 114 has coupled to the bottom portion 116. The
first half of the housing 200 may further comprise a fluid
port 216 coupled to the first half of the housing 200 and
operable to direct a flow of an electrolyte into the gap 212
between the anode 204 and each one of the pair of cathodes.
In embodiments, the fluid port 216 may be disposed within
the first half of the housing 200 above the anode 204. The
fluid port 216 may be fluidly coupled to the pump 120
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(referring to FIG. 1), wherein the pump 120 may direct a
flow of electrolyte from the reservoir 118 (referring to FIG.
1) to the top portion 114 of one of the one or more batteries
110 through the fluid port 216.

[0018] FIG. 3 illustrates a cross-sectional view of an
example bottom portion 116 of one of the one or more
batteries 110 (referring to FIG. 1) of the first grouping 108
(referring to FIG. 1). In embodiments, the bottom portion
116 may comprise a second half of the housing 200, a
flanged cover 300, a pair of cathodes 302, an ion exchange
membrane separator 304, and a drain pan 306. In embodi-
ment, the second half of the housing 200 may be similar to
the first half of the housing 200. The second half of the
housing 200 may be any suitable size, height, shape, and any
combinations thereof. As illustrated, the second half of the
housing 200 may be semicircular for the first grouping 108.
In embodiments, the second half of the housing 200 may
comprise any suitable materials, including, but not limited
to, metals, nonmetals, polymers, ceramics, composites, and
any combinations thereof. The second half of the housing
200 may comprise the one or more air vents 206 disposed
about any suitable location on the second half of the housing
200. As shown, the one or more air vents 206 of the second
half of the housing 200 may be arranged so as to mirror the
configuration on the first half of the housing 200. The one or
more air vents 206 may be operable to allow for a flow of
air to flow through the second half of the housing 200.

[0019] As illustrated, the flanged cover 300 may be dis-
posed on top of and/or around the second half of the housing
200. The flanged cover 300 may be disposed about the
circumference of the second half of the housing 200. A
portion of the flanged cover 300 may extend in a perpen-
dicular direction from the circumference of the second half
of the housing 200. The flanged cover 300 may be operable
to couple the bottom portion 116 of the battery 110 to the
body 102 of the vehicle 100 (referring to FIG. 1). Similar to
the surface cover 202 (referring to FIG. 2), the flanged cover
300 may comprise the plurality of holes 210 operable to be
utilized in fastening the bottom portion 116 to the vehicle
100. Any suitable fasteners may be utilized through the
plurality of holes 210 to couple the bottom portion 116 to the
vehicle 100. In embodiments, the surface cover 202 may be
disposed about the flanged cover 300, and the plurality of
holes 210 of the surface cover 202 may align with the
plurality of holes 210 of the flanged cover 300.

[0020] The pair of cathodes 302 may be coupled to the
second half of the housing 200 and may be at least partially
disposed within the second half of the housing 200. The pair
of cathodes 302 may further extend from the second half of
the housing 200. The pair of cathodes 302 may be any
suitable size, height, shape, and any combinations thereof.
As illustrated, the pair of cathodes 302 may be circular. In
embodiments for the second grouping 112 (referring to FIG.
1), the pair of cathodes 302 may be rectangular. In embodi-
ments, the pair of cathodes 302 may comprise any suitable
materials, including, but not limited to, metals, nonmetals,
polymers, ceramics, composites, and any combinations
thereof. Without limitations, the pair of cathodes 302 may
comprise porous nickel foam, nickel mesh, carbon foam,
carbon mesh, graphite foam, graphite mesh, and any com-
binations thereof. In one or more embodiments, a coating
may be applied to each one of the pair of cathodes 302.
Without limitations, the pair of cathodes 302 may be coated
with graphene, manganese dioxide (MgO,), platinum on
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carbon (PtC), silver manganate nanoplates, and any combi-
nation thereof. As illustrated, the ion exchange membrane
separator 304 may be disposed on an internal side of each
one of the pair of cathodes 302. The ion exchange membrane
separator 304 may comprise the same size, height, shape, or
dimensions as each one of the pair of cathodes 302. For
example, the ion exchange membrane separator 304 may
generally comprise a circular shape. The ion exchange
membrane separator 304 may be configured to protect each
cathode 302 from electrolyte saturation.

[0021] The second half of the housing 200 may further
comprise the drain pan 306 disposed at the bottom of the
second half of the housing 200 and operable to collect
electrolyte, debris, and combinations thereof. In embodi-
ments, a drain port 308 may be coupled to the drain pan 306
and disposed about a bottom surface of the drain pan 306.
The drain port 308 may be fluidly coupled to the pump 120
(referring to FIG. 1) and may be operable to direct a flow of
electrolyte, debris, and combinations thereof out of the
battery 110 and to the pump 120.

[0022] FIG. 4 illustrates a cross-sectional view of an
example one of the one or more batteries 110 of the first
grouping 108 (referring to FIG. 1). As illustrated, the surface
cover 202 may be aligned with and disposed flush to the
body 102 of the vehicle 100 (referring to FIG. 1). The
flanged cover 300 may be disposed against an internal
surface of the body 102. Both the surface cover 202 and the
flanged cover 300 may be configured to align their respec-
tive plurality of holes 210. In embodiments, the fasteners
may be used, via the plurality of holes 210, to assemble and
secure the one of the batteries 110 to the vehicle 100. As
shown, the first half of the housing 200 may be disposed
against and abut the second half of the housing 200. The first
half and second half of the housing 200 may collectively
form a circular shape, similar to the shape and/or dimensions
of the anode 204 and the pair of cathodes 302. The anode
204 may be disposed between the pair of cathodes 302. As
the ion exchange membrane separator 304 is disposed on an
internal side of each one of the pair of cathodes 302, the
anode 204 may be sealed against each ion exchange mem-
brane separator 304. In embodiments, an electrolyte may be
introduced into the battery 110 and may be contained
between the anode 204 and the ion exchange membrane
separators 304.

[0023] FIGS. 5A and 5B illustrate a cross-sectional view
of an example one of the one or more batteries 110 of the
second grouping 112 (referring to FIG. 1). The one of the
one or more batteries 110 may comprise the housing 200,
surface cover 202, anode 204, one or more air vents 206, gap
212 (as illustrated on FIG. 5B), seal 214, flanged cover 300,
pair of cathodes 302, and ion exchange membrane separator
304. In embodiments, the housing 200, surface cover 202,
one or more air vents 206, gap 212, seal 214, flanged cover
300, pair of cathodes 302, and ion exchange membrane
separator 304 may each be operable to function and be
arranged similar to the one or more batteries 110 of the first
grouping 108 (referring to FIG. 1). In these embodiments,
the general shape of the one of the one or more batteries 110
of the second grouping 112 may be rectangular rather than
circular. As illustrated, the one of the one or more batteries
110 may be coupled to the first wing 104 or the second wing
106. During operations, the electrolyte may be introduced
into the one of the one or more batteries 110 within the gap
212 between the anode 204 and the ion exchange membrane
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separators 304. Air may be introduced, through the one or
more air vents 206, and oxygen from the air may be used in
a chemical reaction with the electrolyte, anode 204, and pair
of cathodes 302 to produce an electrical charge or power to
be utilized by the vehicle 100 (referring to FIG. 1). As a
result of the chemical reaction, the anode 204 may corrode.
In one or more embodiments, the structural load of the body
102 (referring to FIG. 1), first wing 104, or the second wing
106 may be supported by the anode 204 and pair of cathodes
302. As the anode 204 corrodes during operations, the
thickness of the anode 204 may decrease. Despite a decrease
in thickness, the anode 204 may continue to provide struc-
tural reinforcement as the change in moment of inertia of the
anode 204 may be negligible. Without limitations, the thick-
ness of the anode 204 may decrease during corrosion by up
to about 90%. An operator may replace the anode 204 when
the thickness has decreased by a pre-determined amount
with another anode 204, and the battery 110 may continue to
produce power for the vehicle 100. The expended anode 204
may be removed from an exterior position from the vehicle
100 (from the top, bottom, or side) and replaced with a new
anode 204.

[0024] The present disclosure may provide numerous
advantages, such as the various technical advantages that
have been described with respective to various embodiments
and examples disclosed herein. Other technical advantages
will be readily apparent to one skilled in the art from the
following figures, descriptions, and claims. Moreover, while
specific advantages have been enumerated in this disclosure,
various embodiments may include all, some, or none of the
enumerated advantages.

[0025] Herein, “or” is inclusive and not exclusive, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A or B” means “A, B, or both,”
unless expressly indicated otherwise or indicated otherwise
by context. Moreover, “and” is both joint and several, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A and B” means “A and B,
jointly or severally,” unless expressly indicated otherwise or
indicated otherwise by context.

[0026] The scope of this disclosure encompasses all
changes, substitutions, variations, alterations, and modifica-
tions to the example embodiments described or illustrated
herein that a person having ordinary skill in the art would
comprehend. The scope of this disclosure is not limited to
the example embodiments described or illustrated herein.
Moreover, although this disclosure describes and illustrates
respective embodiments herein as including particular com-
ponents, elements, feature, functions, operations, or steps,
any of these embodiments may include any combination or
permutation of any of the components, elements, features,
functions, operations, or steps described or illustrated any-
where herein that a person having ordinary skill in the art
would comprehend. Furthermore, reference in the appended
claims to an apparatus or system or a component of an
apparatus or system being adapted to, arranged to, capable
of, configured to, enabled to, operable to, or operative to
perform a particular function encompasses that apparatus,
system, component, whether or not it or that particular
function is activated, turned on, or unlocked, as long as that
apparatus, system, or component is so adapted, arranged,
capable, configured, enabled, operable, or operative. Addi-
tionally, although this disclosure describes or illustrates
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particular embodiments as providing particular advantages,
particular embodiments may provide none, some, or all of
these advantages.

What is claimed is:

1. A battery comprising:

a top portion comprising:

a surface cover;

a first half of a housing coupled to the surface cover and
comprising one or more air vents; and

an anode disposed at least partially within the first half
of the housing; and

a bottom portion comprising:

a second half of the housing comprising one or more air
vents, wherein the anode extends from the first half
of the housing and into the second half of the
housing; and

a pair of cathodes disposed at least partially within the
second half of the housing, wherein the pair of
cathodes extends from the second half of the housing
and into the first half of the housing;

wherein:

the top portion is disposed adjacent to and on top of the
bottom portion;

the first half of the housing is disposed adjacent to and
on top of the second half of the housing;

the first half of the housing and the second half of the
housing are configured to support a structural load;

the anode is disposed between the pair of cathodes; and

a gap exists between the anode and each one of the pair
of cathodes.

2. The battery of claim 1, further comprising a seal
disposed on each side of the anode, wherein each seal is
operable to seal the anode to one of the pair of cathodes.

3. The battery of claim 1, further comprising an ion
exchange membrane separator, wherein the ion exchange
membrane separator is disposed on an interior side of each
one of the pair of cathodes operable to protect each one of
the pair of cathodes from electrolyte saturation.

4. The battery of claim 1, further comprising a drain pan
disposed within the second half of the housing and beneath
the anode.

5. The battery of claim 4, further comprising a drain port
coupled to the drain pan and disposed about a bottom surface
of the drain pan.

6. The battery of claim 1, further comprising electrical
leads disposed on the top portion of the battery, wherein the
electrical leads are coupled to the first half of the housing.

7. The battery of claim 1, further comprising a fluid port
coupled to the first half of the housing and operable to direct
a flow of an electrolyte into the gap between the anode and
each one of the pair of cathodes.

8. The battery of claim 1, wherein the anode comprises
aluminum or an aluminum alloy, wherein the anode is
configured to support a structural load during production of
an electrical charge through corrosion of the anode.

9. The battery of claim 1, wherein the anode comprises
magnesium or a magnesium alloy, wherein the anode is
configured to support a structural load during production of
an electrical charge through corrosion of the anode.

10. The battery of claim 1, wherein the pair of cathodes
comprises porous nickel foam, nickel mesh, carbon foam,
carbon mesh, graphite foam, graphite mesh, and any com-
bination thereof.
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11. The battery of claim 1, wherein the pair of cathodes
are coated with graphene, manganese dioxide (MgO,), plati-
num on carbon (PtC), silver manganate nanoplates, and any
combination thereof.

12. The battery of claim 1, further comprising an elec-
trolyte disposed within the gap between the anode and each
one of the pair of cathodes, wherein the electrolyte is a gel
or a solid.

13. A system for providing electrical charge comprising:

one or more batteries, wherein each of the one or more

batteries comprises:
a top portion, comprising:

a surface cover;

a first half of a housing coupled to the surface cover
and comprising one or more air vents; and

an anode disposed at least partially within the first
half of the housing; and

a bottom portion coupled to the top portion, compris-
ing:

a second half of the housing comprising one or more
air vents, wherein the anode extends from the first
half of the housing and into the second half of the
housing; and

a pair of cathodes disposed at least partially within
the second half of the housing, wherein the pair of
cathodes extends from the second half of the
housing and into the first half of the housing.

14. The system of claim 13, further comprising an aircraft
vehicle, comprising:

a body;

a first wing coupled to the body; and

a second wing coupled to the body and disposed opposite

to the first wing;

wherein a first grouping of the one or more batteries is

disposed in the body, and wherein a second grouping of
the one or more batteries is disposed in the first wing
and the second wing.

15. The system of claim 14, further comprising a reservoir
and a pump, wherein both the reservoir and the pump are
disposed in the body and fluidically coupled to each of the
one or more batteries, wherein the pump is operable to direct
a flow of electrolyte from the reservoir to each of the one or
more batteries.

16. The system of claim 14, wherein the anode comprises
aluminum or an aluminum alloy, wherein the anode is
configured to support a structural load of the aircraft vehicle
during production of an electrical charge through corrosion
of the anode.

17. The system of claim 14, wherein the anode comprises
magnesium or a magnesium alloy, wherein the anode is
configured to support a structural load of the aircraft vehicle
during production of an electrical charge through corrosion
of the anode.

18. The system of claim 13, wherein the pair of cathodes
comprises porous nickel foam, nickel mesh, carbon foam,
carbon mesh, graphite foam, graphite mesh, and any com-
bination thereof.

19. The system of claim 13, wherein the pair of cathodes
are coated with graphene, manganese dioxide (MgO,), plati-
num on carbon (PtC), silver manganate nanoplates, and any
combination thereof.

20. The system of claim 13, wherein each of the one or
more batteries further comprises:
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an ion exchange membrane separator, wherein the ion
exchange membrane separator is disposed on an inte-
rior side of each one of the pair of cathodes operable to
protect each one of the pair of cathodes from electrolyte
saturation; and

a seal disposed on each side of the anode, wherein each
seal is operable to seal the anode to the ion exchange
membrane separator.

#* #* #* #* #*
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