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TAILGATE FUEL STORAGE SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. provisional patent application number
62/453,442 filed February 1,2017, and U.S. provisional patent application number 62/492,798
filed May 1, 2017.

BACKGROUND
[0002] Fuel storage systems including fuel containers and support structures thercof can be
used to store and/or transport fuels such as compressed natural gas. Such systems may be
mounted behind a vehicle cab, on or near a tailgate of the vehicle. The rear portion or tailgate
of different types of vehicles may be provided in different shapes and/or sizes. For example, a
tailgate may include a rounded portion, protrusions at one or more locations, etc. Typically,
fuel storage systems are custom-built and can be difficult to assemble and/or dissemble, and
changing the structural configuration of such systems to match different vehicle tailgates can
therefore be difficult as well. Thus, needs exist for improved fuel storage systems that are easily
adaptable for various tailgate configurations, and that can be incorporated into vehicle tailgates

in a compact, structurally balanced, and aesthetic manner.

SUMMARY

[0003] Methods and systems for fuel storage and transportation are provided. According to
some aspects of the invention, a support assembly for supporting a stacked arrangement of fuel
containers and coupling to a tailgate of a vehicle is provided. The support assembly may
comprise a plurality of end support members, and a plurality of side support members that are
coupled to the plurality of end support members. Central axes of one or more of the fuel
containers may be configured to be located on a different plane from central axes of one or
more other fuel containers when supported by the support assembly, in a manner that permits
the support assembly and the stacked arrangement of fuel containers to accommodate a shape
of the tailgate. The shape of the tailgate may be one or more of rounded, arcuate, trapezoidal,
triangular, or stepped.

[0004] The plurality of side support members may be located on different planes relative to
the end support members. The end support members may include flanges. The plurality of side
support members may comprise a first set of side support members located at a first distance
from the flanges, a second set of side support members located at a second distance from the

flanges, and a third set of side support members located at a third distance from the flanges. In
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some cases, the second distance may be less than the third distance. Conversely, the second
distance may be greater than the third distance. Alternatively, the second distance may be equal
to the third distance. At least one of the second distance or the third distance may be greater than
the first distance. Alternatively, the first distance, second distance, and third distance may be
equal to one another.

[0005] The different planes on which the central axes of the fuel containers are located may be
parallel to each other. Alternatively, at least two of the different planes on which the central axes
of the fuel containers are located may be non-parallel to each other. The central axes of the fuel
containers may be configured to be located on the plurality of different planes when the fuel
containers are supported by the support assembly. For example, the central axes of the fuel
containers may be configured to be located on the plurality of different planes in a manner that
permits a pressure load from vehicle cargo to be evenly distributed on the fuel containers and/or
the tailgate. In some embodiments, the fuel containers are arranged on the tailgate to minimize
pressure load from the fuel containers onto the tailgate, and in some cases, there may be no
contact between the fuel containers and the tailgate at all.

[0006] The plurality of side support members may be detachably coupled to the plurality of end
support members via a plurality of fasteners. Neck portions of the fuel containers may be
coupled to neck support brackets mounted on one of the end support members, and side portions
of the fuel containers may be supported by or in contact with the plurality of side support
members. The neck support brackets can provide support for the neck portions of the fuel
containers. The plurality of side support members can be configured to protect body portions of
the fuel containers. In some embodiments, the fuel containers may be supported and/or held in
place using straps wound around the body of the fuel containers. In some cases, the straps may
replace the neck support brackets. In some cases, the straps may be used in conjunction with the
neck support brackets to reinforce support for the fuel containers.

[0007] At least one of the side support members may be detachably coupled to both the first end
support member and the second end support member. In some cases, the first end support
member and the second end support member may be interchangeable. The plurality of side
support members may be interchangeable. The plurality of end support members may comprise
a first pair of end support members and a second pair of end support members disposed on
different planes from one another. The first pair of end support members may be configured to
support a first set of fuel containers. The second pair of end support members may be configured
to support a second set of fuel containers different from the first set. The first and second sets of

fuel containers may be disposed on different planes from one another. The first and second sets
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of fuel containers may be disposed on different planes from one another so as to form a recess in
the stacked arrangement of the plurality of fuel containers, the recess being configured to
accommodate the shape of the tailgate.

[0008] The first and second pairs of end support members may be parallel to one another. In
some cases, the second pairs of end support members may be shorter than the first pairs of end
support members. The second pairs of end support members may be coupled to central portions
of the first pair of end support members. The central axes of the one or more of the fuel
containers may be configured to be located on different plane from the central axes of the one or
more other fuel containers when supported by the support assembly so as to form a recess in the
stacked arrangement of the fuel containers, the recess being configured to accommodate the
shape of the tailgate. In some cases, the fuel containers may comprise containers for compressed
natural gas (CNG).

[0009] In some cases, the support assembly may comprise a first set and a second set of fuel
containers that are supported by the support assembly. The first set of fuel containers may
comprise central axes that are located on a first plane. The second set of fuel containers may
comprise central axes that are located on a second plane different from the first plane. The first
set of fuel containers may comprise at least two fuel containers, and the second set of fuel
containers may comprise at least two fuel containers. The support assembly may comprise (1)
first end support members configured to couple to the first set of fuel containers and (2) second
end support members configured to couple to the second set of fuel containers. The first and
second planes can be oriented to permit the support assembly and the stacked arrangement of
fuel containers to accommodate the shape of the tailgate.

[0010] In some embodiments of the support assembly, the first plane and the second plane may
be parallel to each other. The first plane and the second plane may be offset from each other by
a fixed distance or a variable distance.

[0011] In other embodiments of the support assembly, the first plane and the second plane may
be non-parallel to each other. For example, the first plane and the second plane may be inclined
relative each other. The first plane and the second plane may intersect each other. In some
alternative cases, the first plane and the second plane may not intersect each other. The first and
second planes may be oriented at an acute angle relative to each other. Optionally, the first and
second planes may be oriented at a right angle relative to each other. Alternatively, the first and
second planes may be oriented at an obtuse angle relative to each other. In some cases, the first
plane and the second plane may have substantially a same size or area. Alternatively, the first

plane and the second plane may have substantially different sizes or areas.
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[0012] In some embodiments, a position and/or an orientation of at least one of the first or
second planes may be adjustable. In some cases, the positions and/or orientations of the first and
second planes may be adjustable relative to each other. In some embodiments, at least some of
the end support members or side support members may be movable relative to each other. For
example, the position and/or orientation of at least one of the first or second planes can be
adjusted by moving one or more of the end support members or side support members.

[0012a] According to an aspect of the invention is a support assembly for supporting a
stacked arrangement of fuel containers and coupling to a tailgate of a vehicle, comprising:

a plurality of end support members configured to be oriented vertically when
applied to the tailgate of the vehicle, the plurality of end support members comprising:

a first elongate end support member having a forward facing side and a
rearward facing side;

a second elongate end support member having a forward facing side and a
rearward facing side;

the forward facing side of the second elongate end support member being
directly coupled to the rearward facing side of the first elongate end support
member,

the second elongate end support member being shorter than the first
elongate end support member such that an upper end of the second elongate end
support member is disposed below an upper end of the first elongate end support
member and a lower end of the second elongate end support member is disposed
above a lower end of the first elongate end support member;

a first fuel container supported by a first neck support bracket coupled to the
rearward facing side of the first elongate end support member above the upper end of the
second elongate end support member;

a second fuel container supported by a second neck support bracket coupled to the
rearward facing side of the second elongate end support member;

a plurality of side support members that are coupled to the plurality of end support
members, the plurality of side support members comprising a first side support member
coupled to at least one of the first elongate end support member and the second elongate

end support member and a second side support member coupled to at least one of the first
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elongate end support member and the second elongate end support member
below the first side support member, the plurality of end support members and the
plurality of side support members defining a rectangular frame structure;

wherein central axes of the first and second fuel containers are located on
different planes, the first side support member and the second side support member being
disposed different distances from the forward facing side of the first elongate end support
member in a manner that forms a recess in a middle portion of the support assembly
adjacent one or more of the fuel containers, the recess being configured to accommodate
a shape of the tailgate.

[0012b]  According to an aspect of the invention is a support assembly for supporting a
stacked arrangement of fuel containers and coupling to a tailgate of a vehicle, comprising:

a plurality of end support members comprising a first end support member, a
second end support member, a third end support member, and a fourth end support
member, wherein the first end support member is directly coupled to the second end
support member along the entire length of the second end support member, and the third
end support member is coupled to the fourth end support member;

a plurality of side support members that are coupled to the plurality of end support
members, the plurality of end support members and the plurality of side support members
defining a rectangular frame that is oriented vertically when applied to the tailgate of the
vehicle;

wherein the first and third end support members comprise rearward facing sides
configured to support a first set of fuel containers and the second and fourth end support
members comprise rearward facing sides configured to support a second set of fuel
containers, the second set of fuel containers being disposed in a middle portion of the
support assembly;

wherein the first set of fuel containers comprises central axes located on a first
plane and the second set of fuel containers comprises central axes located on a second
plane; and

wherein the first plane and the second plane are offset in a manner that forms a
recess adjacent the second set of fuel containers that is configured to accommodate a

shape of the tailgate.
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[0013] Additional aspects and advantages of the present disclosure will become readily
apparent to those skilled in this art from the following detailed description, wherein only
illustrative embodiments of the present disclosure are shown and described. As will be realized,
the present disclosure is capable of other and different embodiments, and its several details are
capable of modifications in various obvious respects, all without departing from the disclosure.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not as
restrictive.

[0014] (intentionally left blank)

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0016] FIG. 1 is a schematic view of a tailgate fuel storage system attached and/or mounted to
a vehicle.
[0017] FIG. 2A is a bottom perspective view of a fuel storage system, in accordance with an
embodiment.
[0018] FIG. 2B is a side schematic view of the fuel storage system of FIG. 2A.
[0019] FIG. 2C is a top perspective view of the fuel storage system of FIG. 2A.
[0020] FIG. 2D is a side view of the fuel storage system of FIG. 2A.
[0021] FIG. 2E is a side view of the fuel storage system of FIG. 2A coupled to a rounded
tailgate, in accordance with an embodiment.
[0022] FIG. 2F is a side view of the fuel storage system of FIG. 2A coupled to a trapezoidal -

shaped tailgate, in accordance with an embodiment.
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[0023] FIG. 2G is a side view of the fuel storage system of FIG. 2A coupled to a stepped
tailgate, in accordance with an embodiment.

[0024] FIG. 2H is a side view of the fuel storage system of FIG. 2B coupled to a triangular-
shaped tailgate, in accordance with an embodiment.

[0025] FIG. 21 is a side view of the fuel storage system of FIG. 2B coupled to a stepped tailgate,
in accordance with an embodiment.

[0026] FIG. 3A is a bottom perspective view of a fuel storage system, in accordance with
another embodiment.

[0027] FIG. 3B is a side schematic view of the fuel storage system of FIG. 3A.

[0028] FIG. 3C is a top perspective view of the fuel storage system of FIG. 3A.

[0029] FIG. 3D is a side view of the fuel storage system of FIG. 3A.

[0030] FIG. 3E is a side view of the fuel storage system of FIG. 3A coupled to a rounded
tailgate, in accordance with another embodiment.

[0031] FIG. 3F is a side view of the fuel storage system of FIG. 3A coupled to a trapezoidal-
shaped tailgate, in accordance with another embodiment.

[0032] FIG. 3G is a side view of the fuel storage system of FIG. 3A coupled to a stepped
tailgate, in accordance with another embodiment.

[0033] FIG. 3H is a side view of the fuel storage system of FIG. 3B coupled to a stepped
tailgate, in accordance with another embodiment.

[0034] FIG. 4A is a perspective view of a fuel storage system mounted to a frame of a tailgate in
an upright manner, in accordance with an embodiment.

[0035] FIG. 4B is a perspective view of the fuel storage system of FIG. 4A being enclosed
within a cover, in accordance with an embodiment.

[0036] FIG. 5 is a perspective view of the tailgate fuel storage system of FIG. 4B attached and/or
mounted to a vehicle.

[0037] FIG. 6A is a side view of a tailgate fuel storage system comprising fuel containers
located on different parallel planes.

[0038] FIG. 6B is a perspective view of the tailgate fuel storage system of FIG. 6A showing a
first set of fuel containers located on a first plane.

[0039] FIG. 6C is a perspective view of the tailgate fuel storage system of FIG. 6A showing a
second set of fuel containers located on a second plane that is parallel to the first plane.
[0040] FIG. 7A is a side view of a tailgate fuel storage system comprising fuel containers

located on different inclined planes, in accordance with an embodiment.
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[0041] FIG. 7B is a perspective view of the tailgate fuel storage system of FIG. 7A showing
different sets of fuel containers located on different inclined planes.

[0042] FIG. 8A is a side view of a tailgate fuel storage system comprising fuel containers
located on different inclined planes, in accordance with another embodiment.

[0043] FIG. 8B is a perspective view of the tailgate fuel storage system of FIG. 8A showing a set
of fuel containers located on an inclined plane.

[0044] FIG. 8C is a perspective view of the tailgate fuel storage system of FIG. 8A showing

another set of fuel containers located on another inclined plane.

DETAILED DESCRIPTION
[0045] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and
structures within the scope of these claims and their equivalents be covered thereby.
[0046] The invention provides systems and methods for storing and/or transporting fuels in
accordance with aspects of the invention. Various aspects of the invention described herein may
be applied to any of the particular applications set forth below or for any other types of tank
attachment systems. The invention may be applied as a standalone system or method, or as part
of a system (such as a vehicle) that utilizes fuel. It shall be understood that different aspects of
the invention can be appreciated individually, collectively, or in combination with each other.
[0047] FIG. 1 is a schematic view of a fuel storage system 110 attached and/or mounted to a
vehicle. A vehicle as described herein may refer to any mobile machine or device designed or
used to transport passengers or cargos. Examples of a vehicle may include bikes, cars, trucks,
buses, motorcycles, trains, ships, boats, aircrafts and the like. A truck may include a light duty
truck (e.g., class 1, class 2 or class 3), medium duty truck (e.g., class 4, class 5 or class 6), or
heavy duty truck (e.g., class 7 or class 8). In some embodiments, the vehicles may be cars,
wagons, vans, buses, high-occupancy vehicles, dump trucks, tractor trailer trucks, or any other
vehicles. While a vehicle is illustrated herein, any other live or inanimate object or system (e.g.,
a building, a person, an animal, and a robot) may be attached to the fuel storage system discussed

herein in any suitable manner including but not limited to the examples discussed herein.
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[0048] Referring to FIG. 1, the fuel storage system 110 may be mounted behind a cab 102 of a
vehicle, for example, to or within a tailgate of the vehicle. The tailgate may be located at a rear
portion of the vehicle. In some cases, the fuel storage system and/or tailgate may be mounted
onto a frame rail of the vehicle. The vehicle may also include a chassis for supporting a
container 104. The container may be configured to hold and/or transport different materials, for
example, waste (refuse), cargo, etc.

[0049] Although FIG. 1 shows the fuel storage system 110 being mounted to the rear of the
vehicle, it is noted that the invention is not limited thereto. A fuel storage system may be
mounted or attached to any suitable portion(s) of a vehicle, for example on one or more lateral
sides, front side, or top side (e.g., roof) of the vehicle. In some embodiments, a fuel storage
system may be mounted on a trailer or on a detachable portion of a vehicle. The location and/or
manner of attachment of the fuel storage system to the vehicle may be based on a variety of
factor including the capacity and type of the fuel containers, type of the vehicle, business
requirement, and the like.

[0050] The fuel storage system 110 may be configured to support one or more fuel containers or
vessels with the same or different characteristics. The fuel containers may be of any size,
capacity, shape and/or weight and may be made of any suitable material. For example, the fuel
containers may have a shape that is substantially cylindrical, rectangular, spherical, or the like. In
addition, the fuel container(s) may be used to store any type(s) of fuel such as solid (e.g., coal),
liguid (e.g., diesel) or gaseous fuels (e.g., natural gas). For example, gaseous fuels may include
hydrogen or hydrogen based gas, hythane, H2CNG, or any other gas.

[0051] In some embodiments, a fuel container may be configured to store fuel at or above a
certain amount of pressure and/or at or below a certain temperature. For example, the fuel
container may be configured to store liquefied natural gas (LNG) at or below a predetermined
temperature (e.g.,-260 F°) or compressed natural gas (CNG) at or above a predetermined
pressure (e.g., 3,600 psi). In some embodiments, the fuel containers may be constructed
according standards promulgated by organizations such as the International Organization for
Standardization (ISO), Canadian Standards Association (CSA), American National Standards
Institute (ANSI), American Society for Testing and Materials (ASTM), American Society of
Mechanical Engineers (ASM), Underwriters Laboratories (UL), etc.

[0052] In some embodiments, at least some of the fuel stored in the fuel storage system 110 may
be used to power and/or propel the vehicle that carries the fuel storage system. The fuel may be a
gaseous fuel, such as natural gas. The fuel may be contained within a gaseous fuel containing

device, such as a tank, vessel, or any other type of device capable of containing a gaseous fuel.
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Any description herein of a fuel tank, vessel, or any other type of gaseous fuel containing device
may be applicable to any other type of gaseous fuel containing device. The gaseous fuel
containing device may be capable of containing a fuel with a certain amount of pressure. For
example, the gaseous fuel containing device may be capable of containing a fuel having less than
or equal to about 10000 psi, 8000 psi, 7000 psi, 6500 psi, 6000 psi, 5500 psi, 5000 psi, 4750 psi,
4500 psi, 4250 psi, 4000 psi, 3750 psi, 3500 psi, 3250 psi, 3000 psi, 2750 psi, 2500 psi, 2000 psi,
1500 psi, 1000 psi, 500 psi, 300 psi, 100 psi, or less.

[0053] In other embodiments, none of the fuel stored in the fuel storage system 110 is actually
used to power the vehicle. Such may be the case for a mobile fuel station that is used to provide
fuel in contingency or emergency situations.

[0054] In some embodiments, the fuel storage system may include one or more fuel container
support assemblies (hereinafter support assemblies) used to support and/or secure fuel
containers. In some cases, a support assembly is configured to support only one fuel container.
Alternatively, a support assembly may be used to support a plurality of fuel containers. Such
support assemblies may be used to stabilize, support or otherwise protect the fuel containers
from damage caused by movement (such as during transit), external impact, natural elements,
and the like.

[0055] The support assemblies may be easily adapted for various tailgate configurations. The
positions and/or dimensions of one or more support members within the support assemblies can
be easily adjusted to accommodate vehicle tailgates of different shapes and/or sizes. For
example, a tailgate may include a rounded portion, protrusions at one or more locations, etc. The
tailgate may have regular or irregular shapes, and may be symmetrical or non-symmetrical. In
some cases, the tailgate may comprise an arcuate portion (e.g., a curved “bow-like” portion).
The support assemblies may be configured to match different rounded portions, protrusions,
arcuate portions, and the like, which allows the fuel support system to be incorporated into
vehicle tailgates in a compact, structurally balanced, and aesthetic manner.

[0056] In various embodiments, a fuel storage system described herein may include an arbitrary
number of support assemblies and the support assemblies of the fuel storage system may be
arranged according to different configurations to accommodate different requirement or
circumstances, such as storage space dimensions, weight restrictions, and the like. For example,
the configuration of the support assemblies may be customized to fit a particular storage space
(e.g., on a vehicle, in a warehouse). As another example, the support assemblies of the fuel

storage system may be detachably coupled to each other or separately located.
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[0057] As described above, the fuel storage system can be coupled to or incorporated as part of a
tailgate of a vehicle. A tailgate may be secured to the container 104 or a portion of the vehicle
using hinges. The hinges may be coupled to pivot pins, such that the tailgate and fuel storage
system can rotate as a whole relative to the container or vehicle. The rotation can be achieved
using different actuation mechanisms, for example hydraulic cylinders, motors, linkages, etc. In
some embodiments, the container 104 may include an opening located at the rear of the vehicle.
The tailgate may be designed to match the opening of the container, such that the tailgate serves
as a door/lid to the container. An actuation mechanism can be configured to move the tailgate
between a closed position and an open position. When the tailgate is in the closed position, the
tailgate closes the opening to the container, thereby preventing access to the inside of the
container. Conversely, when the tailgate is in the open position, the tailgate may be rotated
upwards so as to permit access to the inside of the container.

[0058] Various embodiments of the support assemblies within a fuel storage system are next
described with reference to figures. For example, FIGs. 2A-2] and 3A-3H illustrate exemplary
ways in which a support assembly of a fuel storage system may be configured.

[0059] FIG. 2A is a bottom perspective view of a fuel storage system 210, in accordance with an
embodiment. The fuel storage system may comprise a support assembly 211 configured to
hold/support one or more fuel containers 250, shown as 250-1, 250-2, 250-3, and 250-4. The
fuel containers 250 will typically have a cylindrical shape having a central axis which may be
coaxial with an outlet end of the fuel container 250 and may be configured to contain any of the
fuels described herein. The fuel containers 250 may have other shapes as well.

[0060] The support assembly 211 may include two opposing end frames and a plurality of side
support members 222 (shown as 222-1, 222-2, 222-3, and 222-4) connected longitudinally
between the two opposing end frames. An end frame 212 may be used to protect a portion at or
near an end of one or more fuel containers supported by the support assembly. An end frame
may also provide support for the distal portions of one or more fuel containers 250 supported by
the support assembly 211. Referring to FIG. 2A, the end frames may include a first end support
member 212-1 and a second end support member 212-2. In some embodiments, the end frame
may further include a plurality of auxiliary end support members 216, for example a first
auxiliary end support member 216-1 and a second auxiliary end support member 216-2. The
first auxiliary end support member 216-1, 216-2 may be attached to a central portion of the first
end support member 212-1, and the second auxiliary end support member 212-1 may be attached
to a central portion of the second end support member. The auxiliary end support members 216,

in conjunction with the side support members 212, can be used to create longitudinal position
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differences between two or more fuel containers that are held by the support assembly. For
instance, the top fuel container 250-1 and the bottom fuel container 250-4 coupled to the first and
second end support members 212-1, 212-2 are offset from the middle fuel containers 250-3, 250-
4 coupled to the auxiliary end support members 216-1, 216-2, forming a partially hexagonal
stack of fuel containers 250 with a recess toward the middle fuel containers 250-3, 250-4 to
accommodate the shape of a tailgate The longitudinal position differences can be adjusted to
accommodate tailgates of different shapes/sizes/dimensions, as described later herein.

[0061] The two end frames 212-1, 212-2 of the support assembly may be identical or different.
In some embodiments, one of the end frames 212 may be configured to support or interface with
a particular end (e.g., top, neck, or fuel outlet end) of a fuel container, while the other end frame
is may be configured to support or interface with the opposite end (e.g., bottom) of the fuel
container. Thus, the two end frames may be different. For example, the auxiliary end support
member 216-1 (of an end frame) may include one or more neck support brackets 228 mounted
thereon for supporting the neck portions 252 of fuel containers 250, while the auxiliary end
support member 216-2 (of an opposing end frame) may not have such an opening. Thus, the end
support members 216-1, 216-2 for the bottom portion of the fuel container may not be
configured to provide support for the top portion of the fuel container.

[0062] In some other embodiments, the two end frames of the support assembly may be
substantially similar. For example, the end support members 212-1 and 216-1 may be
substantially the same as end support members 212-2 and 216-2, respectively. In such cases,
both end frames 212-1, 212-2 may be configured to support or interface with both the top and the
bottom of a fuel container 250. For example, in some cases, both the top portion and the end
portion (i.e., the longitudinal end portions) of the fuel container 250 may have neck portions that
are supported by the end support members of the end frames. In some instances, the two end
frames of the support assembly and the components thereof may be interchangeable, thereby
lowering the cost of manufacturing and/or assembly of the fuel module.

[0063] The end support members 212 and 216 may be structurally reinforced to bear the load of
the fuel containers. The cross-sections of the end support members along their longitudinal
directions may have any shape (e.g., U-shape, I-shape, T-shape, H-shape, etc.) that improves the
structural rigidity of the end support members 212. For example, each of the end support
members 212 may include a bottom flange 214 and a top flange 215 separated by a web 213.
Similarly, each of the auxiliary end support members 216 may include a bottom flange 217 and a
top flange 218 separated by a web 219. The bottom flanges 217 of the auxiliary end support
members 216 may be attached to the top flanges 215 of the respective end support members 212.

10



CA 03055732 2015~09~06

WO 2018/144780 PCT/US2018/016520

Exemplary means of attachment may include nuts and bolts, rivets, screws, nails, locks, latches,
wires, joints, soldering, welding, gluing and the like. In some embodiments, the auxiliary end
support members 216 may be attached to the end support members 212 using mounting brackets,
for example mounting brackets 220-2, 220-3, and 220-4.

[0064] The end support members 212 and the auxiliary end support members 216 may have
different lengths. For example, the end support members 212 may be longer than the auxiliary
end support members 216, by at least 10%, 20%, 30%, 40%, or 50%. The auxiliary end support
members 216 may be attachable to different portions of the end support members 212. In some
embodiments, the auxiliary end support members 216 may be attached symmetrically at the
center of the respective end support members 212, such that the auxiliary end support members
216 are substantially equidistant from opposite ends of the end support members 212. In other
embodiments, the auxiliary end support members 216 may be attached in a non-symmetrical
manner on the end support members 212, for example near the end portion of the end support
members 212. Any arrangement of the auxiliary end support members 216 and the end support
members 212 relative to each other may be contemplated.

[0065] One, two, three or more side support members may be used to connect and/or secure the
two end frames. For example, referring to FIG. 2A, the support assembly 211 may include a
plurality of side support members 222 connected longitudinally between the two opposing end
frames. The plurality of side support members may include a first side support member 222-1, a
second side support member 222-2, a third side support member 222-3, a fourth side support
member 222-4, and a fifth side support member 222-5. The side support members 222 can
prevent or reduce movement or damage to the body or sides of a fuel container 250 supported
therein. As used herein, the term “side support member” is used to refer to the component of the
support assembly that protects one side (but not the top or bottom) of a fuel container. In one
embodiment, the side support member 222 may be formed by a single-piece surface structure.
Alternatively, a side support member 222 may be formed by a plurality of side frames with zero
or more truss members located in between.

[0066] The side support members 222 may be coupled to the end support members 212 using
mounting brackets 220. For example, one end of the first side support member 222-1 may be
coupled to one end of the end support member 212-1 using a mounting bracket 220, whereas an
opposite end of the first side support member 222-1 may be coupled to one end of the end
support member 212-2 using another mounting bracket 220. The other side support members
222-2,222-3,222-4, and 222-5 may be coupled to the end support members 212-1 and 212-2 in

a similar fashion, along the length of the end support members. In some cases, the support

11



CA 03055732 2015~09~06

WO 2018/144780 PCT/US2018/016520

members 222 may be easily attached to and/or detached from the end support members 212, so
as to lower the cost of associated with assembly and/or dissembling of the support assembly 211.
[0067] The fuel containers 250 may be disposed on different regions of the support assembly
211. A first region 223-1 may be bounded by the end support members 212 and the first/second
side support members 222-1 /222-2. Similarly, a second region 223-2 may be bounded by the
end support members 212 and the second/third side support members 222-2 / 222-3. Likewise, a
third region 223-3 may be bounded by the end support members 212 and the third/fourth side
support members 222-3 / 222-4. A fourth region 223-4 may be bounded by the end support
members 212 and the fourth/fifth side support members 222-4 / 222-5. The first through fourth
regions may be configured to accommodate the plurality of fuel containers 250. For example, a
first fuel container 250-1 may be disposed in the first region 223-1, a second fuel container 250-2
may be disposed in the second region 223-2, a third fuel container 250-3 may be disposed in the
third region 223-3, and a fourth fuel container 250-4 may be disposed in the fourth region 223-4.
[0068] While the first through fourth regions described herein are illustrated as having
rectangular shapes, it is understood that, in various embodiments, the regions may take on any
suitable shapes such as circular, triangular, or any polygonal shape (e.g., hexagonal), and the
like. In some embodiments, the support assembly and the regions formed therein are shaped to
improve spatial efficiency, weight, cost, and the like, of the overall fuel storage system. For
example, a support assembly shaped in a rectangular manner can be easily stacked or placed
adjacent to other similar-shaped support assemblies, thereby providing spatial efficiency. In
some embodiments, two or more support assemblies can be stacked on top of each other in a
substantially vertical or horizontal fashion. The support assemblies may be arranged using a
combination of the illustrated methods or using any other suitable methods. For example, the
support assemblies may be arranged in two-dimensional or three-dimensional arrays or to form
other regular or irregular shapes. Advantageously, the structure of the support assemblies
described herein allows the support assemblies to be arranged into arbitrary configurations to
accommodate any particular requirement or limitation (e.g., different tailgate designs, space
restrictions, etc.).

[0069] A plurality of neck support brackets 228 may be provided on the end support members
212 or auxiliary end support members 216. For example, a first neck support bracket 228-1 may
be attached to one side of the first end support member 212-1, and a fourth neck support bracket
228-4 may be attached to an opposite side of the first end support member 212-1. The first neck

support bracket may include a groove configured to receive the neck portion 252-1 of the first
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fuel container, and the second neck support bracket may include a groove configured to receive
the neck portion 252-4 of the fourth fuel container.

[0070] Similarly, a second neck support bracket 228-2 may be attached to one side of the first
auxiliary end support member 216-1, and a third neck support bracket 228-3 may be attached to
an opposite side of the first auxiliary end support member 216-1. The second neck support
bracket may include a groove configured to receive the neck portion 252-2 of the second fuel
container, and the third neck support bracket may include a groove configured to receive the
neck portion 252-3 of the third fuel container.

[0071] The neck support brackets 228 may be located on a same plane or on different planes.
For example, referring to FIG. 2A, the first and fourth neck support brackets 228-1 and 228-4
may be located on a same plane since they are attached coplanar on the top flange 215 of the first
end support member 212-1. Conversely, the second and third neck support brackets 228-2 and
228-3 may be located on another same plane since they are attached coplanar on the top flange
218 of the first auxiliary end support member 216-1. As a result, the fuel containers 250 may lie
on different planes. For example, the first and fourth fuel containers 250-1 and 250-4 may lie on
a first plane, and the second and third fuel containers 250-2 and 250-3 may lie on a second plane.
The first and second planes may be parallel to each other. Alternatively, the first and second
planes may be orthogonal to each other. In some embodiments, the first and second planes may
be oblique to each other. Accordingly, the fuel containers may be supported in various
configurations on the support assembly, so as to accommodate vehicle tailgates of different
shapes and/or sizes.

[0072] Different sets of fuel containers can be located or provided on different planes, and the
planes can be oriented in various configurations (e.g. parallel, oblique, inclined, orthogonal,
intersecting, non-intersecting, etc.). As an example, FIG. 6A is a side view of a tailgate fuel
storage system comprising fuel containers located on different parallel planes. The tailgate fuel
storage system may correspond, for example to the system shown in FIG. 2D. The system may
comprise a first set of fuel containers 250-1 and 250-4 that lie on a first plane 280-1, and a
second set of fuel containers 250-2 and 250-3 that lie on a second plane 280-2. The planes 280-1
and 280-2 may be substantially parallel to each other. The fuel containers 250-1, 250-2, 250-3,
and 250-4 may include central axes 251-1, 251-2, 251-3, and 251-4 extending longitudinally
along lengths of the respective containers. FIG. 6B is a perspective view showing the first set of
fuel containers 250-1 and 250-4 located on the first plane 280-1, and FIG. 6C is a perspective
view showing the second set of fuel containers 250-2 and 250-3 located on the second plane 280-

2. As shown in FIGs. 6A and 6B, the central axes of the 251-1 and 251-4 of the first set of
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containers may be located on the first plane 280-1, while the central axes of the 251-2 and 251-3
of the second set of containers may be offset from the first plane by a distance hl in a first
direction. Similarly, referring to FIGs. 6A and 6C, it can be observed that the central axes of the
251-2 and 251-3 of the second set of containers may be located on the second plane 280-2, while
the central axes of the 251-1 and 251-4 of the first set of containers may be offset from the
second plane by the distance h1 in a second direction opposite to the first direction. The
size/shape/dimensions of each plane, as well as the distance and relative orientations between the
two planes, can be configured to accommodate vehicle tailgates of different shapes and/or sizes.
For example, the offset hl between the first and second planes can be customized to fit any
underlying vehicle tailgate. This can be achieved, for example by modifying the
thickness/height of the auxiliary end support members 216, and/or the thickness/height of the
neck support brackets 228 shown in FIG. 2A. The aforementioned thicknesses/heights can be
modified using spacers, standoff plates, washers, adjustable lead screws, extension mechanisms,
and the like. A size of a plane may depend on the spacing between the set of containers lying on
that plane. For example, referring to FIGs. 6B and 6C, the first plane 280-1 may extend over a
larger surface area compared to the second plane 280-2. The size/area of the plane 280-1 may be
at least 10%, 20%, 30%, 40%, or 50% greater than the size/area of the plane 280-2.

[0073] F1Gs. 7A-7B and FIGs. 8A-8C illustrate different sets of fuel containers that are located
on non-parallel planes. The planes may or may not intersect with one another. As an example,
FIG. 7A is a side view of a tailgate fuel storage system comprising fuel containers located on
different non-parallel planes, and FIG. 7B is a corresponding perspective view. The system may
comprise a first set of fuel containers 250-1 and 250-2 that lie on a first plane 282-1, and a
second set of fuel containers 250-3 and 250-4 that lie on a second plane 282-2. The planes 282-1
and 282-2 may be non-parallel to each other, and may be inclined relative to each other. The
planes 282-1 and 282-2 may not intersect with each other (i.e. may not meet). As shown in FIG.
7B, the central axes 251-1 and 252-2 of the first set of fuel containers may be located on the
plane 282-1, while the central axes of the 251-1 and 252-3 of the second set of containers may be
located on the plane 282-2. The planes 282-1 and 282-2 may have substantially the same size, in
contrast to FIGs. 6B and 6C where the planes 280-1 and 280-2 have substantially different sizes.
[0074] Referring to FIG. 7A, the planes 282-1 and 282-2 can be extended to meet an irmaginary
point O, with an angle 6 between the two planes. The angle may be an acute angle, a right angle,
or an obtuse angle. The size/shape/dimensions of each plane, as well as the distance and relative
orientations between the two planes, can be configured to accommodate vehicle tailgates of

different shapes and/or sizes. The angle O between the planes 282-1 and 282-2 can be
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customized to fit any underlying vehicle tailgate. This can be achieved, for example by
modifying the thickness/height of the auxiliary end support members 216, and/or the
thickness/height of the neck support brackets 228 as described elsewhere herein. In some
embodiments, the neck support brackets 228 may be movable relative to the end support
members 212 or auxiliary end support members 216. The auxiliary end support members 216
may also be movable relative to the end support members 212. One or more side support
members may be movable relative to one or more end support members or auxiliary end support
members. Non-limiting examples of the relative motion may include translation and/or rotation
in one or more dimensions. The relative motion may be enabled using one or more mechanical
elements. Non-limiting examples of mechanical elements can include slots, grooves, channels,
sliding mechanisms, screws, gears, cams, linear drives, belts, pulleys, conveyors, springs, and the
like. Accordingly, the angle © between the planes 282-1 and 282-2 can be changed by moving
the neck support brackets 228 relative to the end support members 212 or auxiliary end support
members 216, and/or by moving the auxiliary end support members 216 may also be movable
relative to the end support members 212. In some embodiments, a larger angle O can be
provided to accommodate a less protruded tailgate (e.g. having a less arcuate shape), while a
smaller angle O can be provided to accommodate a more protruded tailgate (e.g. having a more
arcuate shape).
[0075] In some embodiments, different sets of fuel containers may be located on different
inclined planes that intersect with one another. As an example, FIG. 8A is a side view of a
tailgate fuel storage system comprising fuel containers located on different non-parallel planes,
and FIGs. 8B and 8C are corresponding perspective views depicting the respective planes. The
system may comprise a first set of fuel containers 250-1 and 250-3 that lie on a first plane 284-1,
and a second set of fuel containers 250-2 and 250-4 that lie on a second plane 284-2. The planes
284-1 and 284-2 may be non-parallel to each other, and may be inclined relative to each other.
The planes 284-1 and 284-2 in FIGs. 8 A-8C can intersect and overlap with each other. The
central axes 251-1 and 252-3 of the first set of fuel containers may be located on the plane 284-1,
while the central axes of the 251-2 and 252-4 of the second set of containers may be located on
the plane 284-2. The planes 284-1 and 284-2 may have substantially the same size. The
size/area of the planes 284-1 and 284-2 in FIGs. 8B-8C may be larger than the size/area of the
planes 282-1 and 282-2 in FIG. 7B.
[0076] Referring to FIG. 8A, the planes 284-1 and 284-2 may intersect at point P, with an angle
¢ between the two planes. The angle may be an acute angle, a right angle, or an obtuse angle.
The planes 284-1 and 284-2 may also overlap with each other. The planes 284-1 and 284-2 may
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overlap with each other by different amounts, e.g. by at least 10%, 20%, 30%, 40%, or 50%.
The size/shape/dimensions of each plane, as well as the distance and relative orientations
between the two planes, can be configured to accommodate vehicle tailgates of different shapes
and/or sizes. The angle ¢ between the planes 284-1 and 284-2 can be customized to fit any
underlying vehicle tailgate. This can be achieved, for example by modifying the
thickness/height of the auxiliary end support members 216, and/or the thickness/height of the
neck support brackets 228 as described elsewhere herein. In some embodiments, the neck
support brackets 228 may be movable relative to the end support members 212 or auxiliary end
support members 216. The auxiliary end support members 216 may also be movable relative to
the end support members 212. One or more side support members may be movable relative to
one or more end support members or auxiliary end support members. Non-limiting examples of
the relative motion may include translation and/or rotation in one or more dimensions. The
relative motion may be enabled using one or more mechanical elements as described elsewhere
herein. Accordingly, the angle ¢ between the planes 284-1 and 284-2 can be changed by
moving the neck support brackets 228 relative to the end support members 212 or auxiliary end
support members 216, and/or by moving the auxiliary end support members 216 may also be
movable relative to the end support members 212. In some embodiments, a larger angle ¢ can
be provided to accommodate a less protruded tailgate (e.g. having a less arcuate shape), while a
smaller angle ¢ can be provided to accommodate a more protruded tailgate (e.g. having a more
arcuate shape). The angle ¢ in FIGs. 8 A-8C may be different from the angle 0 in FIGs. 7A-7B.
The angle ¢ may depend on the angle 0. Alternatively, the angle ¢ may be varied independently
of the angle 0. The angles ¢ and O can be customized to have different values and/or different
ratios to accommodate different vehicle tailgate shapes or designs, consistent with the
embodiments described elsewhere herein.

[0077] The support assembly 211 may also include pivot brackets 224 coupled to the end
support members 212. For example, a first pivot bracket 224-1 may be attached to one end of
the end support member 212-1, and a second pivot bracket 224-2 may be attached to another
corresponding end of the end support member 212-2. The first and second pivot brackets 224
may include holes 226 that permit the support assembly to be hinged to a vehicle tailgate (not
shown). The hinging mechanism may include pivot pins (not shown) that pass through the holes
226, and that allow the support assembly to rotate/pivot the tailgate. As previously described,
the tailgate can be rotated to move between a closed position (preventing access to the container)

or an open position (allowing access to the container).
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[0078] In some embodiments, one or more mating members may be provided to guide and/or
interlock the support assembly onto a vehicle tailgate. The mating members may include one or
more pins that protrude from the support assembly, and that can be used to guide the support
assembly into one or more receiving brackets mounted on the vehicle tailgate. The receiving
brackets may include, for example one or more grooves having a length or profile for guiding,
receiving, and engaging the pins. For example, a pin may be configured to move in a groove to
an end position such that the pin clicks or interlocks in the end position. The interlock may be
permanent or reversible. For example, the mating members may interlock such that dislocation
is not possible without application of a predetermined amount of force. Embodiments may also
provide mating features to complement each other to lock the brackets in place with respect to
each other. For example, engagement of a circular pin member on the support assembly with a
mating member (e.g., a circular cutout shape) on the vehicle tailgate may restrict relative
movement between the support assembly and the vehicle tailgate in one or more degrees of
freedom (e.g. translation), while permitting relative movement between the support assembly
and the vehicle tailgate in one or more other degrees of freedom (e.g., rotation). Such mutual
restraint may be particularly beneficial in holding the support assembly in place while permitting
the support assembly to be movable (rotatable) relative to the vehicle tailgate. Any of the
components within the support assembly 211 can be detachably coupled to one another in a
variety of different structural configurations. The means of detachment and/or attachment
between different components of the support assembly may include the use of one or more
fasteners. The fasteners may be an inherent part of the support assembly (e.g., tongue and
groove, wedge and slide, joints and the like) or external to the support assembly (e.g., wires,
locks, glue, welding, and the like). Exemplary means of fastening two or more components in a
support assembly may include nuts and bolts, nails, locks, latches, wires, joints, soldering,
welding, gluing and the like. In other embodiments, two or more components in a support
assembly may simply be placed or stacked adjacent to one another without any fastening
mechanism. The above permits the support assembly to easily accommodate tailgates of different
shapes and/or sizes, and eliminates the need for custom-built support assemblies which can be
costly and/or difficult to assemble and disassemble.

[0079] FIG. 2B is a side schematic view of the fuel storage system of FIG. 2A, showing the
staggered layout of the side support members 222 and fuel containers 250. The side support
members may be disposed at different locations on different planes. Referring to FIG. 2B, the
first and fifth side support members 222-1 and 222-5 may be disposed at opposite ends of the
end support members 212-1 and 212-2. For example, the first and fifth side support members
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222-1 and 222-5 may be located on a first plane located on or near to the bottom flanges 214 of
the end support members 212-1 and 212-2. The second, third and fourth side support members
222-2,222-3 and 222-4 may be disposed sequentially between the first and fifth side support
members 222-1 and 222-5. The second and fourth side support members 222-2 and 222-4 may
be located on a second plane located at a distance d2 from the bottom flanges 214. The third
side support member 222-3 may be located on a third plane located at a distance d3 from the
bottom flanges 214. The first, second, and/or third planes may be parallel to one another.
Alternatively, the first, second, and/or third planes need not be parallel to one another, and may
be orthogonal or oblique to one another. In some embodiments, d1 may be greater than d2.
Alternatively, in other embodiments, d1 may be less than d2. The values of d1 and d2 can be
adjusted to accommodate tailgates of different shapes and/or sizes. In some embodiments, d1
may be greater than d2 by at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, or 50%. In some
cases, a ratio of d1 to d2 may be 1:1, 2:1, 3:1, 4:1, or 5:1. Any values of d1 and d2, and ratio of
d1 to d2, may be contemplated.

[0080] The fuel containers 250 may be designed to contact with the side support members when
supported therein. As shown in FIG. 2B, a portion of the first fuel container 250-1 may be in
contact with the second side support member 222-2, a portion of the second fuel container 250-2
may be in contact with the third side support member 222-3, and so forth. Accordingly, the neck
portion 252-1 of the first fuel container 250-1 is supported by the first neck support bracket 228-
1, and a longitudinal side portion of the first fuel container is supported by the second side
support member 222-2. Similarly, the neck portion 252-2 of the second fuel container 250-2 is
supported by the second neck support bracket 228-2, and a longitudinal side portion of the
second fuel container is supported by the third side support member 222-3. The third and fourth
fuel containers 250-3 an 250-4 are respectively supported by the neck support brackets 228-3 and
228-4, and the fourth and fifth side support members 222-4 and 222-5, in a similar fashion.
[0081] FIGs. 2C and 2D respectively show a top perspective view and a side view of the fuel
storage system of FIG. 2A. The fuel containers 250 are configured to be received in the
respective regions 223 defined by the end support members 212/216 and side support members
222. As previously described, the neck portions of the fuel containers 250 are supported by the
neck support brackets 228, and the longitudinal side portions of the fuel containers are supported
by the side support members 222. Accordingly, each fuel container is rigidly held within the
support assembly in at least two locations (top and side of container). In some embodiments, the

bottom sides of the fuel containers (opposite to the neck portions) may also be affixed or in
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contact with the support assembly, so as to enhance the rigidity with which the fuel containers
are supported by the support assembly.

[0082] The fuel storage system described herein, such as the arrangement of the fuel containers
250 by the support assembly 211, can be configured to accommodate tailgates of different shapes
and designs, for example as illustrated in FIGs. 2E-2I. This eliminates the need for custom-built
support assemblies which can be costly and/or difficult to assemble and disassemble. The fuel
storage system can also be configured such that the fuel containers and/or support assembly are
positioned to match the shape or contour of the tailgate.

[0083] FIG. 2E is a side view of the fuel storage system of FIG. 2A coupled to a rounded tailgate
260-1, in accordance with an embodiment. An end portion of the tailgate 260-1 may have a
rounded surface 262-1. The fuel storage system 210 can be configured to follow the contour of
the tailgate 260-1. When the fuel storage system 210 is positioned on or coupled to the tailgate
260-1, the inner periphery portions of the fuel containers 250 and/or the support assembly 211
may substantially follow the contour of the rounded surface 262-1 of the tailgate 260-1, while
minimizing contact and/or exerting a pressure load onto the tailgate, in some instances, even
without contacting or exerting a pressure load at all.

[0084] FIG. 2F is a side view of the fuel storage system of FIG. 2A coupled to a trapezoidal-
shaped tailgate 260-2, in accordance with an embodiment. An end portion of the tailgate 260-2
may have a trapezoidal-shaped surface 262-2. The fuel storage system 210 can be configured to
follow the contour of the tailgate 260-2. When the fuel storage system 210 is positioned on or
coupled to the tailgate 260-2, the inner periphery of the fuel containers 250 and/or the support
assembly 211 may substantially follow the contour of the trapezoidal-shaped surface 262-2 of
the tailgate 260-2,while minimizing contact and/or exerting a pressure load onto the tailgate, in
some instances, even without contacting or exerting a pressure load at all. For example, the
inner periphery of the first and fourth fuel containers 250-1 and 250-4 may be conform to the
inclined portions 262-2(A) of the trapezoidal-shaped surface without contacting the inclined
portions, whereas the inner periphery of the second and third fuel containers 250-2 and 250-3
may conform to a base portion 262-2(B) of the trapezoidal-shaped surface without contacting the
base portion.

[0085] FIG. 2G is a side view of the fuel storage system of FIG. 2A coupled to a stepped tailgate
260-3, in accordance with an embodiment. An end portion of the tailgate 260-3 may have a
protrusion 262-3. The fuel storage system 210 can be configured to follow the contour of the
tailgate 260-3. When the fuel storage system 210 is positioned on or coupled to the tailgate 260-
3, the inner periphery of the fuel containers 250 and/or the support assembly 211 may
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substantially follow the contour of the tailgate 260-3, while minimizing contact and/or exerting a
pressure load onto the tailgate, in some instances, even without contacting or exerting a pressure
load at all. For example, the inner periphery of the first and fourth fuel containers 250-1 and
250-4 may conform to the base portions 262-3(A) of the tailgate 260-3 without contacting the
base portions, whereas the second and third fuel containers 250-2 and 250-3 may conform to a
surface 262-3(B) of the protrusion without contacting the surface.

[0086] As previously described with reference to FIG. 2B, the side support members 222 of the
support assembly and the fuel containers disposed thereon may be provided in a staggered
layout. The staggered layout permits the fuel storage system to accommodate a variety of odd-
shaped tailgates. For example, in FIGs. 2B and 2H, the first and fifth side support members 222-
1 and 222-5 are located on a first plane located on or near to the bottom flanges 214 of the end
support members 212-1 and 212-2. The second and fourth side support members 222-2 and
222-4 are located on a second plane located further away from the bottom flanges 214. The third
side support member 222-3 is located on a third plane located furthest away from the bottom
flanges 214. Accordingly, a “triangular-shaped” open space is formed, which allows a similar
triangular-shaped tailgate to be accommodated therein. For example, FIG. 2H is a side view of
the fuel storage system of FIG. 2B coupled to a triangular-shaped tailgate 260-4, in accordance
with an embodiment. An end portion of the tailgate 260-4 may have a triangular-shaped surface
262-4. The fuel storage system 210 can be configured to follow the contour of the tailgate 260-
4. When the fuel storage system is positioned on or coupled to the tailgate 260-4, the inner
periphery of the fuel containers 250 and/or the support assembly 211 may substantially follow
the contour of the triangular-shaped surface 262-4 of the tailgate, while minimizing contact
and/or exerting a pressure load onto the tailgate, in some instances, even without contacting or
exerting a pressure load at all. For example, the inner periphery of the first and second fuel
containers 250-1 and 250-2 may conform to a first inclined portion 262-4(A) of the triangular-
shaped surface without contacting the first inclined portion, whereas the third and fourth fuel
containers 250-3 and 250-4 may conform to a second inclined portion 262-4(B) of the triangular-
shaped surface without contacting the second inclined portion.

[0087] FIG. 2I is a side view of the fuel storage system of FIG. 2B coupled to a stepped tailgate
260-5, in accordance with an embodiment. An end portion of the tailgate 260-5 may have a
plurality of protrusions extending in an outward manner. The fuel storage system 210 can be
configured to follow the contour of the tailgate 260-5. When the fuel storage system is
positioned on or coupled to the tailgate 260-5, the inner periphery of the fuel containers 250

and/or the support assembly 211 may substantially follow the contour of the tailgate 260-5, while
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minimizing contact and/or exerting a pressure load onto the tailgate, in some instances, even
without contacting or exerting a pressure load at all. For example, the inner periphery of the first
and fourth fuel containers 250-1 and 250-4 may conform to base portions 262-5(A) of the
tailgate without contacting the base portions, whereas the second and third fuel containers 250-2
and 250-3 may conform to a surface 262-5(B) of a first protrusion without contacting the surface
of the first protrusion. In some cases, a second protrusion may be located on the first protrusion,
between the second and third fuel containers 250-2, 250-3. This allows the empty spaces
between the fuel containers 250 and/or the support assembly to be maximized.

[0088] FIGs. 3A-3H illustrate a fuel storage system 310 in accordance with another
embodiment. Specifically, FIG. 3A is a bottom perspective view of the fuel storage system 310,
FIG. 3B is a side schematic view of the fuel storage system 310, FIG. 3C is a top perspective
view of the fuel storage system 310, and FIG. 3D is a side view of the fuel storage system 310.
FIG. 3E is a side view of the fuel storage system 310coupled to a rounded tailgate, FIG. 3F is a
side view of the fuel storage system coupled to a trapezoidal-shaped tailgate, FIG. 3G is a side
view of the fuel storage system coupled to a stepped tailgate, and FIG. 3H is a side view of the
fuel storage system coupled to a stepped tailgate. The embodiments of FIGs. 3A-3H are similar
to those of FIGs. 2A-2I except for the following differences. Referring back to FIG. 2B, the side
support members 222 are provided in a staggered layout within the support assembly 211, with a
longitudinal difference (d1 or d2) between two or more of the side support members, such that
the side support members are located on different planes. In contrast, referring to FIGs. 3A and
3B, the side support members 322 are provided on a same plane within the support assembly
311, and there is no longitudinal difference between two or more of the side support members.
The fuel containers 350, however, continue to maintain a staggered configuration. For example,
the first and fourth fuel containers 350-1 and 350-4 are located on a same plane, while the second
and third fuel containers 350-2 and 350-3 are located on another different plane. The disposition
of the fuel containers 350 on different planes permits the fuel storage system 310 to easily
accommodate tailgates of various shapes/designs/sizes, as described elsewhere herein.

[0089] Referring to FIG. 3D, the fuel storage system may include a plurality of end support
members of varying lengths. In some embodiments, the end support members 312 may be
longer than the auxiliary end support members 316. For example, the end support members 312
may be at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% longer than the auxiliary
end support members 316. In some cases, the end support members 312 may be at least twice as
long as the auxiliary end support members 316. A plurality of end support members can be

stacked in a pyramid or step-like configuration. For example, a first set of auxiliary end support
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members may be stacked on top of a set of base end support members; a second set of auxiliary
end support members may be stacked on top of the first set of auxiliary end support members; a
third set of auxiliary end support members may be stacked on top of the second set of auxiliary
end support members, and so forth. At least some of the base end support members, and/or the
first through third sets of auxiliary end support members, may have varying lengths. For
example, in some embodiments, the first set of auxiliary end support members may be shorter
than the set of base end support members; the second set of auxiliary end support members may
be shorter than the first set of auxiliary end support members; the third set of auxiliary end
support members may be shorter than the second set of auxiliary end support members, and so
forth. Accordingly, the end support members can be stacked in a pyramid or step-like
configuration to support a plurality of fuel containers in a staggered configuration. The fuel
storage system may be a multi-layer support system comprising of a stack of end support
members. The plurality of end support members can be stacked as centered layers or off-
centered layers. For example, an auxiliary end support member 316 may be centered on top of
an underlying end support member 312, such that the fuel containers are symmetrically centered
with respect to the dotted line shown in FIG. 3D. Alternatively, an auxiliary end support
member 316 may be off-centered relative to an underlying end support member 312, such that
the fuel containers are not symmetrically centered with respect to the dotted line. An auxiliary
end support member may be offset from the center of an underlying end support member by any
distance or amount, for example by at least 10%, 20%, 30%, 40%, or 50% of a length of the
auxiliary end support member. It should be appreciated that the foregoing description relating to
the varying lengths of the end support members, and the stacked configuration of the end support
members (e.g. pyramid or step-like stacked configuration), can apply to any of the embodiments
described elsewhere herein. Various modifications can be made to any of the disclosed
embodiments of the fuel storage system, that enable the system to support a plurality of fuel
containers in various staggered configurations, and to accommodate tailgates having different
shapes and/or sizes.

[0090] For example, referring to FIG. 3H, an end portion of a tailgate 360-4 may have a
plurality of protrusions disposed longitudinally along the tailgate. The fuel storage system 310
can be configured to follow the contour of the tailgate 360-4. When the fuel storage system 310
is positioned on or coupled to the tailgate 360-4, the inner periphery of the fuel containers 350
and/or the support assembly 311 may be substantially follow the contour of the tailgate. For
example, the inner periphery of the first and fourth fuel containers 350-1 and 350-4 may conform

to base portions 362-4(A) of the tailgate without contacting the base portions, whereas the
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second and third fuel containers 350-2 and 350-3 may conform to surfaces 362-4(B) and 362-
4(C) of a first protrusion and a second protrusion without contacting the aforementioned surfaces
of the first and second protrusions. In some cases, the first and second protrusions may have
different dimensions. Alternatively, the first and second protrusions may have the same
dimensions. Any type of structural features (e.g., protrusions, cavities, recesses, jagged edges,
etc.) may be contemplated for the tailgate.

[0091] FIG. 4A is a perspective view of a fuel storage system 210 mounted to a frame 270 of a
tailgate in an upright manner, in accordance with an embodiment. The frame may include hinges
272-1 and 272-2 to which the first pivot bracket 224-1 and the second pivot bracket 224-2 of the
support assembly 211 are respectively mounted. The support assembly may be configured to
rotate about the hinges 272 between a closed position (preventing access to an interior of a
container, e.g., container 104) and an open position (permitting access to the interior of the
container, e.g., container 104). The frame 270 may also include a recess (not shown) for
receiving and holding the support assembly 211. The frame 270 may further include a bumper
276 that extends out beyond the fuel containers 250, such that the fuel containers can be
protected from impact to the rear of the vehicle. In some embodiments, a cover 278 can be
attached to the frame 270, in order to protect and/or prevent unauthorized access to the fuel
containers, as shown in FIG. 4B. The cover may be made of any material, e.g., metal, plastics,
etc., and may be opaque, transparent, or translucent.

[0092] FIG. 5 is a perspective view of the fuel storage system of FIG. 4B attached and/or
mounted to a vehicle. The vehicle may include a cab 102 and a container 104, as previously
described in FIG. 1A. The fuel storage system and the tailgate may be disposed at the rear of the
vehicle.

[0093] In various embodiments, the number and/or arrangement of the support assemblies and/or
members thereof may be based on the characteristics of the environment where the fuel storage
system is used such as the type and dimension of the cab of a vehicle. In an embodiment, such
environment information is obtained and analyzed, for example, via a computerized modeling
tool to determine a configuration (e.g., number, types and arrangement) of the support
assemblies. In some embodiments, such determination may be aimed at optimizing the cost,
space and/or other configurable considerations (e.g., shape/dimension/size of tailgate).
According to the determined configuration, the support assemblies may be selected, assembled
and/or arranged (e.g., connected) such as discussed above.

[0094] As discussed above, the fuel storage system may be mounted, for example, to a vehicle

according to various configurations such as discussed in connection with FIG. 1. Alternatively,
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the fuel storage system may be used in a stand-alone fashion. As described above, in an
embodiment, the support assembly may include a small number (e.g., four, six or eight) of
modular members with a small number (e.g., two, three or four) of distinct shapes that are easy
to manufacture, assemble, dissemble and/or reuse. In some embodiments, the modular members
are also designed to be durable and lightweight.

[0095] It should be understood from the foregoing that, while particular implementations have
been illustrated and described, various modifications can be made thereto and are contemplated
herein. It is also not intended that the invention be limited by the specific examples provided
within the specification. While the invention has been described with reference to the
aforementioned specification, the descriptions and illustrations of the preferable embodiments
herein are not meant to be construed in a limiting sense. Furthermore, it shall be understood that
all aspects of the invention are not limited to the specific depictions, configurations or relative
proportions set forth herein which depend upon a variety of conditions and variables. Various
modifications in form and detail of the described embodiments will be apparent to a person
skilled in the art. It is therefore contemplated that the invention shall also cover any such

modifications, variations and equivalents.
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WHAT IS CLAIMED IS:
1. A support assembly for supporting a stacked arrangement of fuel containers and
coupling to a tailgate of a vehicle, comprising:

a plurality of end support members configured to be oriented vertically when
applied to the tailgate of the vehicle, the plurality of end support members comprising:

a first elongate end support member having a forward facing side and a
rearward facing side;

a second elongate end support member having a forward facing side and a
rearward facing side;

the forward facing side of the second elongate end support member being
directly coupled to the rearward facing side of the first elongate end support
member,

the second elongate end support member being shorter than the first
elongate end support member such that an upper end of the second elongate end
support member is disposed below an upper end of the first elongate end support
member and a lower end of the second elongate end support member is disposed
above a lower end of the first elongate end support member;

a first fuel container supported by a first neck support bracket coupled to the
rearward facing side of the first elongate end support member above the upper end of the
second elongate end support member;

a second fuel container supported by a second neck support bracket coupled to the
rearward facing side of the second elongate end support member;

a plurality of side support members that are coupled to the plurality of end support
members, the plurality of side support members comprising a first side support member
coupled to at least one of the first elongate end support member and the second elongate
end support member and a second side support member coupled to at least one of the first
elongate end support member and the second elongate end support member below the
first side support member, the plurality of end support members and the plurality of side
support members defining a rectangular frame structure;

wherein central axes of the first and second fuel containers are located on

different planes, the first side support member and the second side support member being
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disposed different distances from the forward facing side of the first elongate end support

member in a manner that forms a recess in a middle portion of the support assembly

adjacent one or more of the fuel containers, the recess being configured to accommodate

a shape of the tailgate.

2. The support assembly of claim 1, wherein the plurality of side support members
are located on different planes relative to the end support members.

3. The support assembly of claim 1 or 2, wherein the end support members include
flanges, wherein the first side support member is located at a first distance from the flanges and &
the second side support member is located at a second distance from the flanges.

4. The support assembly of claim 2, wherein the different planes on which the
central axes of the fuel containers are located are parallel to each other.

5. The support assembly of any one of claims 1 to 4, wherein the shape of the
tailgate is one or more of rounded, arcuate, trapezoidal, triangular, or stepped.

6. The support assembly of any one of claims 1 to 5, wherein side portions of the
fuel containers are supported by or in contact with the plurality of side support members.

7. The support assembly of claim 6, wherein the neck support brackets are configured to
provide support for neck portions of the fuel containers, and the plurality of side support
members are configured to protect body portions of the fuel containers.

8. The support assembly of any one of claims 1 to 7, wherein at least one of the side
support members is detachably coupled to either the first elongate end support member or the
second elongate end support member.

9. The support assembly of any one of claims 1 to 8, wherein the plurality of side
support members are interchangeable with one another.

10. The support assembly of any one of claims 1 to 9, wherein the plurality of end
support members comprises a first pair of end support members and a second pair of end support
members disposed on different planes from one another.

11. The support assembly of claim 10, wherein the first pair of end support members are
configured to support a first set of fuel containers, wherein the second pair of end support
members are configured to support a second set of fuel containers different from the first set, and
wherein the first and second sets of fuel containers are disposed on different planes from one

another.
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12. The support assembly of claim 10, wherein the first and second pairs of end support
members are parallel to one another.

13. The support assembly of claim 10, wherein the second pair of end support members
are coupled to central portions of the first pair of end support members.

14. The support assembly of any one of claims 1 to 13, wherein the fuel containers
comprise containers for compressed natural gas (CNG).

15. The support assembly of claim 11, wherein the first set of fuel containers comprises
central axes that are located on a first plane, and the second set of fuel containers comprises
central axes that are located on a second plane different from the first plane.

16. The support assembly of claim 15, wherein the first plane and the second plane are
offset from each other by a fixed distance or a variable distance, such that the first and second
planes are oriented to permit the support assembly and the stacked arrangement of fuel
containers to accommodate the shape of the tailgate.

17. The support assembly of claim 16, wherein the first plane and the second plane are
parallel to each other.

18. The support assembly of claim 15, wherein a position and/or an orientation of at least
one of the first or second planes is adjustable.

19. The support assembly of claim 18, wherein the position and/or orientation of at least
one of the first or second planes is adjustable by moving one or more of the end support
members or side support members.

20. A support assembly for supporting a stacked arrangement of fuel containers and
coupling to a tailgate of a vehicle, comprising:

a plurality of end support members comprising a first end support member, a
second end support member, a third end support member, and a fourth end support
member, wherein the first end support member is directly coupled to the second end
support member along the entire length of the second end support member, and the third
end support member is coupled to the fourth end support member;

a plurality of side support members that are coupled to the plurality of end support
members, the plurality of end support members and the plurality of side support members
defining a rectangular frame that is oriented vertically when applied to the tailgate of the

vehicle;
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wherein the first and third end support members comprise rearward facing sides
configured to support a first set of fuel containers and the second and fourth end support
members comprise rearward facing sides configured to support a second set of fuel
containers, the second set of fuel containers being disposed in a middle portion of the
support assembly;

wherein the first set of fuel containers comprises central axes located on a first
plane and the second set of fuel containers comprises central axes located on a second
plane; and

wherein the first plane and the second plane are offset in a manner that forms a

recess adjacent the second set of fuel containers that is configured to accommodate a

shape of the tailgate.

21. The support assembly of claim 20, wherein one or more of the end support members
is configured to be adjusted by a mechanical element, wherein the mechanical element is
configured to provide direct connection along the entire length of the second end support
member at different positions along the length of the first end support member to alter a
configuration of the recess.

22. The support assembly of claim 21, wherein the mechanical element comprises one or
more channels disposed in one or both of the first end support member and the second end
support member.

23. The support assembly of claim 21, wherein the mechanical element comprises one or
more grooves disposed in one or both of the first end support member and the second end

support member.
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