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DESCRIPTION

BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein relate to a fuel module system for
a vehicle, wherein an engine of the vehicle utilizes an alternative fuel as a fuel source, and in
some examples a compressed gas as a fuel source. Some embodiments are directed to a fuel
module system for a vehicle that utilizes an alternative fuel stored in a container as a fuel
source, wherein the vehicle can utilize a combustible fuel engine, a battery powered engine, or
a combination thereof.

DISCUSSION OF ART

[0002] It may be desirable to have an alternative fuel system and method that differs from
those systems and methods that are currently available.

[0003] EP 1715 400 A1 describes a primary pressure-reducing valve 37 that reduces a
pressure of CNG from a first level of 1 to 25 MPa to a second level of 0.2 to 0.3 MPa. The
document describes the primary pressure-reducing valve 37 having an adjustment screw 138.
An axial position of the adjustment screw 138 may be changed to change a spring load of a
coil spring 123, thereby altering a performance of the primary pressure-reducing valve 37.

[0004] WO 2016/172177 A1 describes a CNG module providing pressure regulation,
temperature regulation, and filtering. It describes also sensors for providing feedback to a
controller that controls the NG delivery system.

BRIEF DESCRIPTION

[0005] In an embodiment, a vehicle is provided that includes at least the following: a fuel
storage system that encases at least one container; the container houses a compressed gas,
the container has a first end and a second end opposite thereto; a fuel module system that
receives the compressed gas from the container and reduces a pressure of the compressed
gas and manages a temperature of the gas prior to deliver to an engine; and the engine
receives the compressed gas from the fuel module system at the pressure and the
temperature.



DK/EP 3467290 T3

[0006] In an embodiment, a fuel module system that is in fluid communication between an
engine and a container that houses a compressed gas is provided that includes: an inlet that is
in fluid communication with a container that houses a compressed gas and the inlet is
configured to receive the compressed gas at a first pressure from the container; a first filter in
fluid communication with the inlet and is configured to filter the compressed gas; a regulator
that is in fluid communication with the first filter and is configured to adjust the first pressure of
the compressed gas to a second pressure after the compressed gas is filtered, wherein the
second pressure is lower than the first pressure and is a within a predefined range of values
for an engine based on a size of the engine and a number of pistons of the engine; a gas path
in fluid communication with the regulator configured to receive the compressed gas at the
second pressure, the gas path directs the compressed gas to a second filter; the second filter
in fluid communication to the gas path and is configured to filter the compressed gas; and an
outlet that is configured to deliver the compressed gas from second filter to the engine, the
outlet is in fluid communication with a portion of the engine for receipt of the compressed gas
at the second pressure.

[0007] In an embodiment, a fuel module system is provided that is in fluid communication
between an engine and a container that houses a compressed gas and includes: an inlet in
fluid communication with a container that houses a material used as an alternative fuel for a
vehicle; an outlet in fluid communication with a combustion chamber for the engine of the
vehicle; a first pressure sensor that detects a first pressure of the material prior to being
delivered to the inlet; a first temperature sensor that detects a first temperature of the material
prior to being delivered to the inlet; a first flow sensor that detects a first flow rate of the
material prior to being delivered to the inlet; a regulator that adjusts the first pressure of the
material to a second pressure that is within a target range for pressure dependent on a
displacement of an engine; the regulator further adjusts the first flow rate of the material to a
second flow rate that is within a target range for flow rate dependent on the displacement of
the engine; one or more lines that adjusts a temperature of a body of the fuel module system
to change the first temperature of the material to a second temperature that is within a target
range for flow rate dependent on the displacement of the engine; a first filter that removes
contaminants from the material prior to receipt at the regulator; a second filter that removes
contaminants from the material after the regulator adjusts at least one of the first pressure or
the flow rate

[0008] The invention is covered by the appended claims, and will be evident when viewed in
the light of the drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Reference is made to the accompanying drawings in which particular embodiments and
further benefits of the provided subject matter are illustrated as described in more detail in the
description below.
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FIG. 1 is a block diagram of a system that is configured to deliver a material from a container

to a fuel module system and to an engine.
FIG. 2 is block diagram of a fuel module system.
FIG. 3 is block diagram of a purge system.

FIG. 4 is an illustration of a container.

FIG. 5 is an illustration of a fuel module system.

FIG. 6 is an illustration of a portion of a fuel module system.

FIG. 7 is an illustration of a portion of a fuel module system.

FIG. 8 is cross-sectional view of a fuel module system.

FIG. 9 is cross-sectional view of a fuel module system.

FIG. 10 is cross-sectional view of a fuel module system.

FIG. 11 is an illustration of a portion of a fuel module system.

FIG. 12 is an illustration of a portion of a fuel module system.
FIG. 13 is an illustration of a portion of a fuel module system.

FIG. 14 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 15 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 16 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 17 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 18 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 19 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

FIG. 20 is an illustration of an embodiment of a fuel storage
can utilize a fuel module system.

DETAILED DESCRIPTION
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[0010] Embodiments of the provided subject matter relate to methods and systems for a fuel
module system for a vehicle. The fuel module system can receive a material from one or more
containers, wherein each container can house or store a material for a fuel source for a
vehicle. The material can be used as a fuel source for a combustible fuel engine, an alternative
fuel, or a fuel to power a device that powers or charges a battery used for the vehicle.
According to the invention, the material housed is a compressed gas. The material housed by
the container can be natural compressed gas (CNG) but is not so limited.

[0011] The material housed within the one or more containers can pass through the fuel
module system and be adjusted for delivery and use by the engine of the vehicle. The flow of
material can be from the one or more containers to the fuel module system and then to a
portion of the engine, wherein the material housed within the one or more containers has a first
temperature, a first pressure, and a first flow rate and at the delivery to the portion of engine,
the material is adjusted by the fuel module system to have a second temperature, a second
pressure, and a second flow rate that are optimized for the engine based on one or more
manufacturing requirements.

[0012] The one or more containers can house a portion of material and such containers can
be vertically oriented, horizontally oriented, or in a position in-between horizontal and vertical
(in comparison to the ground). Moreover, the containers can be behind a cab of a vehicle,
below a cab of a vehicle, or a combination thereof. The fuel module system can further include
electrical and/or mechanical connective means in order to provide electrical and/or mechanical
connectivity between the fuel module system and the vehicle and/or a computer processing
unit (CPU) of the vehicle and the fuel module system.

[0013] The one or more containers can be within a casing or compartment that can be affixed,
attached, or removeably coupled to a portion of the vehicle. For instance, the casing or
compartment can be referred to as a fuel storage system and can be removeably coupled to a
chassis of the vehicle, a cab of a vehicle, a chassis of a trailer that is attachable to a vehicle, or
a combination thereof. It is to be appreciated that the fuel module system can be positioned in
various locations on the vehicle. By way of example and not limitation, the fuel module system
can be at least one of within the engine compartment of the vehicle, coupled to a portion of the
engine, proximate to the engine, coupled to a chassis of the vehicle proximate to the one or
more containers or the engine, coupled to a portion of the fuel storage system or included
within the fuel storage system, contained within a casing that houses the one or more
containers, incorporated into the fuel storage system, incorporated into the engine 106,
incorporate into the container 102, or a combination thereof.

[0014] With reference to the drawings, like reference numerals designate identical or
corresponding parts throughout the several views. However, the inclusion of like elements in
different views does not mean a given embodiment necessarily includes such elements or that
all embodiments of the invention include such elements.



DK/EP 3467290 T3

[0015] The term "component” as used herein can be defined as a portion of hardware, a
portion of software, or a combination thereof. A portion of hardware can include at least a
processor and a portion of memory, wherein the memory includes an instruction to execute.
The term "vehicle" as used herein may be a mobile machine or a moveable transportation
asset that transports at least one of a person, people, or a cargo. For instance, a vehicle can
be, but is not limited to being, semi, a semi truck, a semi-trailer truck, a tractor-trailer, a
transfer truck, an 18-wheeler, a truck, a class 8 vehicle, an automobile, farm equipment,
industrial equipment, construction equipment, van, Sport Utility Vehicle (SUV), a truck that
carriers a load and/or freight, a cement truck, a delivery truck, a tractor, a flat-bed truck, a bus,
and the like. Moreover, a vehicle can be powered by combustible fuel (e.g., unleaded fuel,
diesel fuel, compressed natural gas, compressed hydrogen, compressed gas, alternative fuel,
among others) or a battery or electric motor. The term "container" as used herein can be
defined as any cylinder, tank, housing, canister, and the like of any suitable material that can
house or contain at least one of alternative fuels, renewable fuel sources, nonrenewable fuel
sources, liquid fuel sources, or gas fuel sources.

[0016] FIG. 1 illustrates a system 100 that is configured to deliver a material from a container
102 to a fuel module system 104, wherein the fuel module system 104 manages the delivery of
the material to an engine 106. The fuel module system 104 can communicate with a computer
processing unit (CPU) 108 (herein referred to as "CPU 108") such that data collected by the
CPU 108 can be utilized by the fuel module system 104 and data collected by the fuel module
system 104 can be utilized by the CPU 108. It is to be appreciated that the CPU 108 can be an
engine control module (ECM), an engine control unit (ECU), and the like. The system 100 can
be employed by a vehicle such as, but not limited to, a truck or a vehicle that consumes
alternative fuels. In a particular embodiment, the vehicle can utilize a first fuel and a second
fuel, wherein the first fuel is an unleaded or diesel fuel and the second fuel is an alternative
fuel. The alternative fuel can be, but is not limited to, a compressed gas, a compressed natural
gas, a hydrogen, among others (as discussed in more detail below).

[0017] The fuel module system 104 is in fluid communication with the container 102 with a
supply line, wherein the supply line delivers the material from the container 102 at a first
pressure (e.g., a high pressure). The supply line can run between the fuel module system 104
and the container 102 and/or a fuel storage system 28 (illustrated in FIGs. 14-20 and
discussed below). It is to be appreciated that the supply line can be a flexible supply line or a
solid conduit. The fuel module system 104 is in fluid communication with the container 102
from which material can be received. Additionally, the fuel module system 104 can be in fluid
communication with a portion of the engine 106 to deliver material that is processed by the fuel
module system 104, wherein the processing can include, but is not limited to including,
temperature adjustment, pressure adjustment, flow rate adjustment, or a combination thereof.
Subsequent passing through the fuel module system 104, the material can be delivered to a
portion of the engine via tubing, plumbing, valves, connections, and the like. The portion of the
engine 106 that receives the material can be, but is not limited to being, a combustion
chamber, an intake manifold, or a component that delivers the material to a spark plug for
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compression and ignition.

[0018] It is to be appreciated that the engine 106 can include a target range for pressure,
temperature, and flow rate (collectively referred to as "the target range parameters”) based on
at least one of, for instance, a manufacture specification, a type of engine, an engine
displacement (e.g., size), a type of alternative fuel to be consumed by the engine 106, among
others. The fuel module system 104 can adjust the material in the one or more containers
having a first temperature, a first pressure, and a first flow rate to a second temperature, a
second flow rate, and/or a second pressure such that the second temperature, the second flow
rate, and the second pressure are at the target ranges for the engine 106. In another
embodiment, the fuel module system 104 can adjust the first temperature, the first pressure,
and the first flow rate to the second temperature, the second pressure, and the second flow
rate to have a tolerance of variation from the target ranges or amounts. It is to be appreciated
that the tolerance, variance, or thresholds for the target ranges of pressure, temperature, and
flow rate can be chosen with sound engineering judgment without departing from the intended
scope of coverage of the embodiments of the subject invention.

[0019] In addition, it is to be appreciated that the fuel module system 104 optimizes the
material for delivery and use for the engine 106 based on, but not limited to, a crank position, a
revolution per minute (RPM) of the engine 106, a speed of the vehicle, a terrain the vehicle is
traveling on, an oxygen level or amount in the material, a fuel mapping for the vehicle, a boost
or turbo boost related to the engine 106, a load the vehicle is towing or carrying, among
others.

[0020] The target ranges for pressure, temperature, and flow rate (respectively) can be
determined or ascertained based on an engine or one or more parameters related to an
engine or vehicle. For instance, the target ranges as used by the fuel module system 104 to
adjust the material in the container 102 can be, but are not limited to being, calculated from or
defined by at least one of engine size, engine displacement, make/model of engine, horse
power, combustion fuel consumption capabilities, torque of the engine, number of pistons,
piston arrangement within engine, piston size, spark plug type, combustion chamber size,
combustion chamber volume, combustion chamber temperature, combustion chamber
pressure, barometric pressure within the combustion chamber, barometric pressure outside
the combustion chamber, manufacturer specification, transmission type and revolutions per
minute of shifting gears, RPMs of engine, turbo mechanism for the engine, or any combination
thereof. It is to be appreciated that the target ranges can be calculated, derived, or received
and/or such target ranges can be predefined or calculated in real-time. Moreover, the target
ranges can be stored within at least one of a memory of the fuel module system 104, a stand-
alone memory, a remote memory, a memory utilized by the vehicle (e.g., CPU, ECM, ECU,
etc.), or a cloud memory. Moreover, the fuel module system 104 can receive predefined target
ranges and adjust or modify such predefined target ranges based on readings or
measurements from one or more sensors or the CPU of the vehicle.

[0021] By way of example and not limitation, the fuel module system 104 can be positioned in
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a compartment where the engine 106 is housed, affixed on or proximate to the engine 106, on
a frame of a vehicle, above a frame of the vehicle, below a frame of the vehicle, parallel to a
frame of a vehicle, among others. In another embodiment, the fuel module system 104 can be
affixed to a fuel storage system or within a fuel storage system (where example fuel storage
systems are shown in FIGs. 14-20). In another embodiment, the fuel storage system 104 can
be retrofitted to a vehicle that utilizes one or more containers housing a material that is an
alternative fuel. In such embodiment, the fuel storage system 104 can be coupled to a portion
of the vehicle (e.g., within engine compartment, onto engine 106, proximate to container, within
casing that encases container, among others) to be in fluid communication between the one or
containers and the engine 106 to provide delivery of the material frmot the container to a
portion of the engine 106. In such embodiment, the fuel storage system 104 can be in
electronic communication with the engine 106 via at least one of a CPU, an ECM, an ECU, or a
direct connection thereto (e.g., Society of Automotive Engineers standard SAE J1939 vehicle
bus, among others) in order to adjust at least one of the temperature, pressure, or flow rate of
the material from the one or more containers prior to deliver to the portion of the engine 106.

[0022] In an embodiment, the fuel module system 104 can be a single unit (shown in FIGs. 12
and 13). In another embodiment, the fuel module system 104 can be one or more sectional
modules (as shown in FIGs. 5, 6, and 11) that are coupled together to enable fluid
communication between the one or more sectional modules and for material passing through
the fuel module system 104 from the container 102 to the portion of the engine 106 of the
vehicle. It is to be appreciated that the fuel module system 104 fabrication as a single module
or one or more modules can be chosen with sound engineering judgment without departing
from the intended scope of coverage of the embodiments of the subject invention.

[0023] The fuel module system 104 provides various features of management, monitoring,
and/or adjustment for the material that is delivered from the container 102 to the engine 106.
The fuel module system 104 can include one or more sensors that measure pressure,
temperature, and/or flow rate (collectively referred to as "the material parameters") of the
material at one or more locations while the material is delivered from the container 102,
through the fuel module system 104, and delivered to the portion of the engine 106. It is to be
appreciated that the fuel module system 104 can measure the material parameters within the
container 102, prior to being drawn from the container 102, a location between the container
102 and receipt at the fuel module 104, prior to entering a first filter for a first pressure, after
being passed through the first filter for the first pressure, prior to entering a regulator, after
being pass through the regulator, prior to entering a second filter for a second pressure in
which the first pressure is higher than the second pressure, after being passed through the
second filter for the second pressure, prior to exiting the fuel module system 104, a location
between the fuel module system 104 and receipt at a portion of the engine 106, a location prior
to delivery to a combustion chamber, or a combination thereof.

[0024] The fuel module system 104 can adjust the material received at the first pressure from
the container 102 to a second pressure, wherein the second pressure is within a target range
for the pressure as optimized for the engine 106. Moreover, the fuel module system 104 can
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manage a temperature of the material such that the material received from the container 102
at a first temperature is adjusted to a second temperature that is within the target range for the
temperature as optimized for the engine 106. Additionally, the fuel module system 104 can
adjust a first flow rate for the material from the container to a second flow rate that is within the
target range for the flow rate as optimized for the engine 106. It is to be appreciated that the
material parameters can be adjusted independently or collectively. Moreover the adjustment of
the material parameters by the fuel module system 104 can be in situ so as to adjust to the
target range parameters. In addition, it is to be appreciated that the fuel module system 104
can adjust at least one of the first temperature, the first pressure, and the first flow rate by
increasing, decreasing, or maintaining such reading.

[0025] The fuel module system 104 can further filter the material from the container 102. In an
embodiment, the fuel module system 104 can include one or more filters that filter the material
received from the container 102, wherein the filtration of the material removes unwanted debris
or substances (e.g., oil, condensation, particulate, other contaminants, etc.). For example, the
fuel module system 104 can be configured to receive one or more coalescing filters or micron
filters to filter the material that passes through the fuel module system 104. In a particular
example, the fuel module system 104 can filter the received material at the first pressure from
the container 102 and also filter the material at the second pressure prior to delivery to the
engine 106 or a portion of the engine 106, wherein the second pressure is lower than the first
pressure.

[0026] In an embodiment, the target pressure range of the material can be based on the type
of material, the engine 106, or a combination thereof, wherein the fuel module system 104 can
adjust the first pressure of the material to the target pressure range. In a particular example,
the target pressure range can be between approximately 60 and 85 pounds per square inch
(psi; 413 685 Pa and 586 054 Pa). In another example, the target pressure range can be
between approximately 60 psi to 150 psi (413685 Pa to 1 034 214 Pa). In another example,
the target pressure range can be between approximately 90 psi to 120 psi (620528 Pa to 827
371 Pa). In another example, the target pressure range can be between approximately 80 psi
to 85 psi (551 581 Pa to 586 054 Pa). It is to be appreciated that the target pressure range can
be chosen with sound engineering judgment without departing from the intended scope of
coverage of the embodiments of the subject invention.

[0027] In an embodiment, the target temperature of the material can be based on the type of
material, the engine 106, or a combination thereof, wherein the fuel module system 104 can
adjust the first temperature of the material to the target temperature range. In a particular
example, the target temperature range can be between -40 degrees Fahrenheit (233°K) and
200 degrees Fahrenheit (366°K). It is to be appreciated that the target temperature range can
be chosen with sound engineering judgment without departing from the intended scope of
coverage of the embodiments of the subject invention.

[0028] In an embodiment, the target flow rate range of the material can be based on the type
of material, the engine 106, or a combination thereof, wherein the fuel module system 104 can
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adjust the first flow rate of the material to the target flow rate range. In a particular example,
the target flow rate range can be between approximately 90 pounds per hour ("Ib/hr"; 11 g/s) to
170 Ib/ hr (21,4 g/s). It is to be appreciated that the target flow rate range can be chosen with
sound engineering judgment without departing from the intended scope of coverage of the
embodiments of the subject invention.

[0029] The fuel module system 104 can further adjust the material parameters based on at
least one of a distance of tubing or plumbing between the container 102 and an inlet of the fuel
module system 104, a distance of tubing or plumbing between an outlet of the fuel module
system 104 and the portion of the engine 106 or the combustion chamber that receives the
processed material, a diameter of the tubing or plumbing between the container 102 and the
fuel module system 104, a diameter of the tubing or plumbing between the fuel module system
104 and the portion of the engine 106 or the combustion chamber that receives the processed
material, or a combination thereof.

[0030] Turning to FIG. 2, the fuel module system 104 is illustrated. The fuel module system
104 includes (according to the invention) a communications component 202. The
communications component 202 can be configured to receive data and transmit data. In an
embodiment, the communications component 202 provides communications internal to a
vehicle such as between the CPU 108 and the fuel module system 104. For instance, data
collected by the CPU 108 can be communicated and utilized by the fuel module system 104 to
adjust a parameter (e.g., temperature, pressure, flow rate, among others) related to the
material from the container 102. In another embodiment, the communications component 202
can provide communications with a component outside the vehicle (e.g., external to the
vehicle). According to the invention, the communications component 202 receives data and
transmits data to a network or server or a computer that allows real-time adjustment of a
parameter related to the material. It is to be appreciated that the communications component
202 provides (according to the invention) wireless communications that allow data collected to
be aggregated and/or viewed as well as receive instructions for a change to a parameter (e.g.,
temperature, pressure, flow rate, among others) the fuel module system 104 can adjust or
change.

[0031] The communications component 202 can be incorporated into the CPU 108 for the
vehicle, a stand-alone component, or a combination thereof. The communications component
202 can receive, collect, or request data from at least one of the CPU 108 of the vehicle, an
ECM, an ECU, a standard SAE J1939 vehicle bus, one or more sensors directly or indirectly, or
a combination thereof. The communications component 202 can employ wired or wireless
communications. Moreover, the communications component 202 can be configured to receive
data related to at least one of the first temperature of the material, the first pressure of the
material, the first flow rate of the material, one or more material parameters prior to entering
the fuel module system 104, one or more material parameters prior to exiting the fuel module
system 104, one or more material parameters prior to being delivered to a portion of the
engine 106, one or more material parameters prior to exiting the fuel module 104, one or more
material parameters within the container 102, or a combination thereof.
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[0032] The fuel module system 104 includes a first filter 204, a second filter 206, a regulator
208, and one or more lines 210. The first filter 204 can filter the material from the container
102 having a first pressure, wherein the first pressure is higher than a second pressure. The
fitered material is then delivered to the regulator 208 that can reduce a pressure of the
material from the first pressure to the second pressure, wherein the second pressure is within
a target range for pressure that is optimized for the engine 106. In an example, the regulator
208 can be a manual regulator (as shown in FIGS. 5, 7, and 12) for example employing a
solenoid or not employing a solenoid to control pressure and flow rate. The regulator 208 can
be an electric regulator 208' (as shown in FIGS. 11 and 13) that controls pressure and flow
rate having an electrical connection for power via electrical wires 1102. In another
embodiment, the fuel module system 104 can include one or more regulators 208. In
particular, an additional regulator can be used, wherein the regulator 208 is positioned
proximate to the container 102 and the additional regulator is positioned proximate to the
engine 106.

[0033] By way of example and not limitation, the first pressure can be 3600 psi (24,8 MPa) and
the second pressure can be 85 psi (586 054 Pa), wherein the target range for the pressure
that is optimized for the engine 106 can be between 55 psi and 90 psi (379 212 Pa and 620
528 Pa). For example, the first pressure being approximate to 3600 psi (24,8 MPa) can be a
"high pressure” and the second pressure being approximate to 85 psi (586 054 Pa) can be a
"low pressure,” wherein the first filter 204 is a high pressure filter and the second filter 206 is a
low pressure filter each with respective sensors 218 to detect in situ readings and
measurements. After the regulator 208 processes the material to the second pressure, the
material is then filtered by the second filter 206.

[0034] In addition, the regulator 208 can adjust a flow rate of the material from the container
102 after the material has been filtered by the first filter 204. For example, the regulator 208
can adjust the first flow rate of the material to a second flow rate based on the second flow rate
being within a target range for flow rate that is optimized for the engine (e.g., based on
manufacturing details, type of engine, size of engine, a parameter related to the engine,
among others). By way of example and not limitation, the target range for flow rate can be
approximately 70 pounds per hour (8,8 g/s) to 200 Ib/hr (25 g/s).

[0035] The one or more lines 210 can be utilized to maintain or adjust a temperature for the
module or sectional modules the material is being processed through in the fuel module
system 104 and, in turn, adjust or maintain a temperature of the material within the fuel module
system 104. For example, the module or sectional modules can include a rubber diaphragm
that can become brittle if temperature is maintained. In an embodiment, the lines 210 can cycle
engine coolant to the module or sectional modules (e.g., the body indicated at 502 and 504,
independently or collectively) of the fuel module system 104 to maintain or adjust a
temperature and, in turn, adjust or maintain the temperature of the material. In another
embodiment, an electric heater or waterline can be employed to adjust the temperature of the
material through the temperature change of the module or sectional modules through which
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the material travels. The lines 210 can deliver at least one of engine coolant, water, Freon, AC
compression fluid, or material from an electric heater line or waterline, or a combination
thereof.

[0036] In an embodiment, the regulator 208 can manage a pressure and a flow of delivery to
the engine 106 based on at least one of a pressure of the container 102, a data collected by
the CPU 108, a parameter (e.g., size, pressure, model, temperature, type of material, etc.)
related to the container 102, a parameter (e.g., revolutions per minute (RPM), speed, gear
transmission is in, temperature, etc.) related to the engine 106, a vehicle type or class, and/or
a combination thereof. In an embodiment, the regulator 208 can be an electronic regulator that
is part of a fuel map for the vehicle.

[0037] The proximity of the fuel module system 104 and the included regulator 208 can be a
factor in managing the delivery of the material to the engine. For example, a "pressure wave"
is used herein and defined as a factor that changes or affects a parameter related to the
material that is delivered to a portion of an engine, wherein the change is dependent upon a
distance of plumbing the material travels between the regulator 208 and a portion of the
engine. Additionally, the pressure wave can include changes or affects to a parameter related
to the material that is delivered to a portion of an engine, wherein the change is dependent
upon a diameter of the plumbing the material travels in between the regulator 208 and a
portion of the engine. In other words, a pressure wave can result from the distance or proximity
of the fuel module system 104 to the engine 106 as well as a plumbing or tubing or line size.
The fuel module system 104 can take into account a distance or a diameter of plumbing in
order to compensate for an optimal temperature, pressure, or flow rate of the material for the
engine.

[0038] The fuel module system 104 can include one or more pressure relief valves 212. The
pressure relief valve 212 (also referred to as a pressure relief device (PRD)) is a device
adapted to sense one or more physical parameters, such as, without limitation, pressure,
temperature, or stress, within or around the fuel module system 104 and to vent the contents
of the fuel module system 104 to the environment if the one or more physical parameters meet
a predetermined standard or defined range. In one embodiment a PRD may be adapted to
sense pressure within the fuel module system 104 and to vent the contents thereof to the
environment if the pressure is more than some predetermined pressure. In some non-limiting
embodiments, the predetermined pressure may be 50% of the maximum pressure the fuel
module system 104 may contain without bursting or otherwise failing.

[0039] The fuel module system 104 includes a fuel temperature component 214 that is
configured to manage a temperature of material to be delivered to the engine 106. The
material from the container 102 can be received at a first temperature and adjusted to a target
temperature by the fuel temperature component 214. As discussed above, the lines 210 can
be utilized to adjust the first temperature to a second temperature, wherein the second
temperature is within a target range for a temperature that is optimized for the engine 106.
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[0040] The fuel module system 104 can include one or more sensors 218. The sensors 218
can be, for example, a pressure sensor, a fuel temperature sensor, a low pressure filter
sensor, a high pressure filter sensor, a first filter sensor, a second filter sensor, a pressure in
sensor (in to the fuel module system 104), a pressure out sensor (out to the engine 106), a
filter health sensor for a high pressure filter or a low pressure filter, a temperature sensor for
incoming material to the fuel module system 104, a temperature sensor for outgoing material
to the engine 106, a sensor that detects a parameter related to an engine, among others.

[0041] According to the invention the fuel module system 104 comprises a temperature sensor
that is configured to detect a first temperature of the compressed gas and a flow rate sensor
that is configured to detect a first flow rate of the compressed gas.

[0042] The fuel module system 104 includes a temperature sensor and a flow rate sensor and
can include more sensors 218 that measure pressure, temperature, and/or flow rate
(collectively referred to as "the material parameters”) of the material at one or more locations
while the material is delivered from the container 102, through the fuel module system 104,
and delivered to the portion of the engine 106. It is to be appreciated that the sensors 218 can
measure the material parameters within the container 102, prior to being drawn from the
container 102, a location between the container 102 and receipt at the fuel module 104, prior
to entering a first filter for a first pressure, after being passed through the first filter for the first
pressure, prior to entering a regulator, after being pass through the regulator, prior to entering
a second filter for a second pressure in which the first pressure is higher than the second
pressure, after being passed through the second filter for the second pressure, prior to exiting
the fuel module system 104, a location between the fuel module system 104 and receipt at a
portion of the engine 106, a location prior to delivery to a combustion chamber, or a
combination thereof.

[0043] The one or more sensors 218 can further monitor a boost for the engine 106, a crank
position of the engine 106, a revolution per minute (RPM) of the engine 106, a speed of the
vehicle, a terrain the vehicle is traveling on, an oxygen level or amount in the material, a fuel
mapping for the vehicle, a boost or turbo boost related to the engine 106, a load the vehicle is
towing or carrying, among others.

[0044] It is to be appreciated that the sensors 218 can be continuously monitoring in real time
and such real time monitoring can be utilized to adjust the material parameters to be within the
target range parameters that are optimized for the engine 106. In particular, a container
sensor can be utilized to monitor a pressure in the container 102 as such pressure can affect
the target range for pressure to deliver the material for the engine. Moreover, as the pressure
in the container 102 changes, the pressure for the material being process by the fuel module
system 104 is adjusted as well. For example, as the pressure of the container decreases as
material is processed and consumed, the target range for pressure is also adjusted
continuously since the change in the container pressure directly impacts the processed
material.
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[0045] It is to be appreciated that the sensors 218 can communicate data to at least one of the
fuel module system 104, the CPU 108, an engine control module (ECM), an engine control unit
(ECU), and the like. It is to be appreciated that a sensor can monitor and detect readings for
one or more parameters. By way of example and not limitation, a sensor can be positioned
within the fuel module system 104 at a location and detect one or more of pressure,
temperature, or flow rate. In another example, a respective sensor can be positioned within the
fuel module system 104 to monitor and detect readings for each of temperature, pressure, and
flow rate.

[0046] The fuel module system 104 can include an ignition safety component 218 that includes
a key on/off circuit in which a solenoid valve on the container 102 is closed when a key is off
and open when a key is on. The ignition safety component 218 can be further utilized with a
sensor that detects if the engine is running such that if the engine is running, the solenoid valve
is open on the container 102 and if the engine is not running, the solenoid valve is closed on
the container 102. In an embodiment, the solenoid valve can be included in the fuel module
system 104. The amount of fuel contained in a supply line between fuel module system 104
and the solenoid valve on the container 102 and the supply line between the fuel module
system 104 and the engine 106 is minimal and not a safety concern.

[0047] The fuel module system 104 includes further (according to the invention) a purge
component 220. It is to be appreciated that the purge component 220 can manually or
automatically purge or cleanse the low filter using the material from the container 102. The
purge component 220 can allow a purge or clean of a low pressure filter using the material
from the container 102. The purge component 220 can be controlled manually or automatically
based on a parameter such as, but not limited to, duration of time, a sensor that detects build-
up on the low pressure filter, a manual switch or notification, a mileage traveled, an amount of
material consumed by the engine, among others. The purge component 220 can activate a
solenoid valve to stop flow of material to the engine 106 which cycles the material through the
low pressure filter for a purge or cleaning and such material used to purge or clean is collected
in a containment vessel 302 (as illustrated in system 300 in FIG. 3). Such use of a containment
vessel 302 provides for an environmentally safe manner rather than expelling such purge to
the open air. In addition, the containment vessel 302 can be accessed to recycle the purged
material stored therein.

[0048] The fuel module system 104 includes further (according to the invention) an inlet 222
and an outlet 224. The inlet can be configured to allow fluid communication between the fuel
module system 104 and one or more containers 102, wherein the fluid communication is
employed by plumbing, tubing, connectors, valves, among others. The material housed in the
container 102 can be received to the fuel module system 104 via the inlet 222 through which
the material is passed through the fuel module system 104 and processed. The outlet 224 can
be configured to allow fluid communication between the fuel module system 104 and a portion
of the engine 106 or the engine 106, wherein the fluid communication is employed by
plumbing, tubing, connectors, valves, among others. The material that is passed through the
fuel module system 104 and processed can exit the fuel module system 104 and delivered to
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the engine 106 for consumption and use.

[0049] Turning to FIG. 4, the container 102 is illustrated. The container can be utilized with the
one or more fuel storage systems 28. The container 102 can include a first end 402, a second
end opposite thereto 404, a neck 406 located on the first end 402 and a pressure release
device (PRD) on the second end 404. It is to be appreciated that the first end 402 and the
second end 404 can include a neck and/or a PRD and/or a valve to fill or draw material in/from.
The neck 406 can be configured to receive a valve or fitting that enables filling or dispensing of
a portion of material. For instance, the valve can be a two-way valve that allows material to
enter the container 102 and also allow the material to exit the container 102. The container
102 can be cylindrical in shape with a length, a diameter, and a thickness. Yet, it is to be
appreciated that the container 102 shape, materials, composition, or size can be chosen with
sound engineering judgment without departing from the intended scope of coverage of the
embodiments of the subject invention. The container 102 can include one or more liners of a
material. For instance, the container 102 can include a liner made of a first material. In certain
embodiments, the first material is at least one of a plastic, a metal, a steel, a thermoplastic,
among others. In certain embodiments, the container 102 can include a wrapping of a second
material. In certain embodiments, the second material is at least one of a carbon fiber, a
composite material, a Teflon, or a disparate material from the first material. In certain
embodiments, the container 102 is made of at least one of a metal, a plastic, a polymer, or a
composite material.

[0050] In an embodiment, the container 102 can include a closed end on the second end 404
and an open end opposite thereto (e.g., on the first end 402), wherein the open end is
integrated with at least one of a boss, a neck, a valve, an opening configured to couple to a
valve, among others. It is to be appreciated that the open end on the container 102 can be
configured to receive material that is stored in the container 102 and/or configured to dispense
material that is stored in the container 102, wherein the dispensing/receiving is with a
component such as a valve, port, and the like. In another embodiment, the container 102 can
include a valve on the first end 402 and a PRD on the second end 404, wherein the PRD can
be configured to release pressure from the container 102 based on a parameter such as a
pressure level, a safety event, a computer instruction to release the material in the container
102, among others. It is to be appreciated that the container 102 can include an open end on
the first end 402 and an open end on the second end 404, wherein each open end can be
integrated with at least one of a boss, a neck, a valve, an opening configured to couple to a
valve, among others. In an embodiment, the container 102 can utilize the open end on the first
end 402 to receive material for the container 102 and the open end on the second end 404 to
deliver material from the container 102, wherein each open end can utilize a valve such as, but
not limited to, a one-way valve, a two-way valve, among others.

[0051] It is to be appreciated that the container 102 can include one or more valves. For
instance, the container 102 can include a first valve on the first end 402 and the PRD on the
second end 404. In another instance, the container 102 can include a first valve on the first
end 402 and an additional valve on the second end 404 opposite thereto. Moreover, it is to be
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appreciated that the container 102 can include one or more chambers within to house one or
more materials. For example, a cylinder can be segmented to have a first chamber that
houses a first material filled/dispensed with a first valve on the first end and a second chamber
that houses a second material filled/dispensed with a second valve on a second end opposite
to the first end.

[0052] It is to be appreciated that the container 102 can house a portion of a material, wherein
the material can be a solid, a gas, a liquid, a plasma, among others. By way of example and
not limitation, the material can be an alternative fuel. In still another example that is not limiting
on the subject innovation, the material can be a material at a high pressure in comparison to
an atmospheric pressure.

[0053] In still another example, one or more containers 102 can be used with a fuel system for
a vehicle. For example, in addition to compressed natural gas, the container 102 can be
utilized with a fuel system that utilizes or consumes renewable fuel sources, nonrenewable fuel
sources, liquid fuel sources, or gas fuel sources for a vehicle, wherein the container 102 can
store such renewable fuel sources, nonrenewable fuel sources, liquid fuel sources, or gas fuel
sources. Renewable fuel sources can include biofuels such as vegetable oil, ethanol,
methanol, butanol, other bioalcohols, biomass, or biodiesel, among others. Renewable fuel
sources can also include hydrogen and/or hydrogen fuel cells, refuse-derived fuel, chemically
stored fuel, non-fossil methane, non-fossil natural gas, Ammonia, Formic acid, liquid Nitrogen,
compressed air, dimethyl ether (DME), or propane derived from renewable methods, among
others. Nonrenewable fuel source can include gasoline, propane, or diesel, among others.
Additional liquid or gas fuel sources can include any mixture or blend of energy sources, for
example, E10, E15, E30, or E85 fuel, or HCNG (blend of compressed natural gas with
Hydrogen). It is be appreciated that the container 102 can house a material chosen with sound
engineering judgment without departing from the intended scope of coverage of the
embodiments of the subject invention and such material can be used for a fuel system of a
vehicle, a machine, a device, or any combination thereof.

[0054] Turning to FIGs. 5-7, and 11-13, the fuel module system 104 is illustrated. In an
embodiment, the fuel module system 104 can be fabricated from one or more sectional
module or members. In particular, the fuel module system 104 can include a first sectional
module 502 and a second sectional module 504, wherein the first sectional module 502 and
the second sectional module 504 can be removeably coupled and disconnected as illustrated
in FIGs. 6 and 7. FIG. 6 illustrates the second sectional module 504 separated from the first
sectional module 502 (shown in FIG. 7). The second sectional module 504 can include one or
more threaded bolts 602 that are configured to couple or removeably couple to the one or
more threaded holes 602'. Such coupling allows for a gas path 606 to mate with gas path 606’,
lines 210 to mate with lines 210" without leakage. In an embodiment, the mating utilizes one or
more "O" rings to secure the fluid communication between the first sectional module 502 and
the second sectional module 504. The coupling of the first sectional module 502 to the second
sectional module 504 can be selected with sound engineering judgment without departing from
the intended scope of coverage of the embodiments of the subject invention. The first sectional
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module 502 can include at least one of the first filter 204, the inlet 222, the regulator 208, a first
portion of the gas path 606, a first portion of one or more lines 210, and one or more sensors
such as, but not limited to, first pressure sensor 508 and second pressure sensor 510. The
second sectional module 504 can include at least one of the second filter 204, the outlet 224, a
second portion of the gas path 606, a second portion of one or more lines 210, and one or
more sensors such as, but not limited to, third pressure sensor 512, wherein the first portion
and the second portion of the gas paths 606 are in fluid communication with one another and
the first portion and the second portion of the one or more lines 210 are in fluid communication
with one another.

[0055] Turning back to FIG. 5, the first module sectional 502 includes a portion of plumbing or
tubing 506 that delivers material from the container 102 to the inlet 222. The first sectional
module 502 can be configured to receive a first filter 204 for the first pressure, wherein the first
filter 204 filters the material upon receipt thought the inlet 222. Prior to being filtered by the first
filter 204, the pressure of the material is detected by the first pressure sensor 508. The
material is then delivered from the first filter 204 to the regulator 208. The regulator 208 can be
configured to adjust a flow rate and a pressure of the material after the material is filtered by
the first filter 204. After the material is adjusted by the regulator 208, a pressure is detected for
the material by a second pressure sensor 510. It is to be appreciated that the pressure of the
material before the regulator 208 will be higher than the pressure of the material after the
regulator 208 as discussed above. The material is delivered from the regulator 208 through a
gas path 606 (shown in FIGs. 6-9) to a second filter 206. The second filter 206 provides
filtration of the material at the lower pressure (compared to the pressure before the material
was processed by the regulator 208). After the filtration of the material by the second filter 206,
a pressure of the material is detected by a third pressure sensor 512. The material continues
through the second filter 206 and is delivered to a portion of the engine 106 through the outlet
224.

[0056] The fuel module system 104 further includes an access plug 514 that allows fabrication
of the gas path 606.

[0057] It is to be appreciated that the flow of material and process of the material as described
above can include additional sensors 218 and, in particular sensors 218 related to a
temperature or a flow rate. For example, sensors 218 can be positioned in locations prior to
first filter 204, after regulator 208, and after second filter 206 to detect at least one of the
temperature or the flow rate of the material. Accordingly, the fuel module system 104 can
adjust the material parameters by utilizing the regulator 208, the lines 210, among others to
achieve target ranges for each parameter.

[0058] FIGS. 8-10 illustrate cross-sectional views of the fuel management system 104.
Material from the container 102 can be received at the inlet 222 (illustrated as "material in") to
enter at a first pressure (e.g., a high pressure) and being filtered by the first filter 204 (e.g., a
high pressure filter). After being filtered, the material continues to the regulator 208, wherein
the regulator 208 adjusts the material to a second pressure (e.g., a low pressure), wherein the
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second pressure is lower than the first pressure. Moreover, the regulator 208 adjusts the flow
rate of the material so that the flow rate and the pressure of the material are within a target
range that is optimal for the engine 106. The material, now at the second pressure continues
through the gas path 606 to the second filter 206 (e.g., the low pressure filter). After being
filtered, the material continues to the outlet 224 for delivery to the engine or a portion of the
engine 106 (illustrated as "processed material out”).

[0059] As illustrated, the purge component 220 is in fluid communication with the second filter
206, wherein a purge action can be initiated in which the material flows to cleanse the second
filter 206 and rather than the material flow to the outlet, the material travels through the purge
component 220 and into the containment vessel 302. For example, a valve can be controlled
to direct flow to the containment vessel rather than the outlet 224.

[0060] One or more sensors 218 can be incorporated into the fuel module system 104. For
example, one or more temperature sensors can be positioned in a location to provide readings
to allow the fuel module system 104 to adjust the temperature into a target range that is
optimal for the engine. For example, the locations can be, but are not limited to being, in a
container 102, prior to filtration by the first filter 204, after filtration by the first filter 204, prior to
being processed by the regulator 208, after being processed by the regulator 208, prior to
being filtered by the second filter 206, after being filtered by the second filter 206, in a portion
of plumbing between the container 102 and the inlet 222, in a portion of plumbing between the
engine 106 and the outlet 224, or a combination thereof. It is to be appreciated that the one or
more temperature sensors can be utilized alone or in combination with at least one of the flow
rate sensors, the pressure sensors, or any other sensor described herein.

[0061] In another example, one or more pressure sensors can be positioned in a location to
provide readings to allow the fuel module system 104 to adjust the pressure into a target range
that is optimal for the engine. For example, the locations can be, but are not limited to being, in
a container 102, prior to filtration by the first filter 204, after filtration by the first filter 204, prior
to being processed by the regulator 208, after being processed by the regulator 208, prior to
being filtered by the second filter 206, after being filtered by the second filter 206, in a portion
of plumbing between the container 102 and the inlet 222, in a portion of plumbing between the
engine 106 and the outlet 224, or a combination thereof. It is to be appreciated that the one or
more pressure sensors can be utilized alone or in combination with at least one of the flow rate
sensors, the temperature sensors, or any other sensor described herein.

[0062] In another example, one or more flow rate sensors can be positioned in a location to
provide readings to allow the fuel module system 104 to adjust the flow rate into a target range
that is optimal for the engine. For example, the locations can be, but are not limited to being, in
a container 102, prior to filtration by the first filter 204, after filtration by the first filter 204, prior
to being processed by the regulator 208, after being processed by the regulator 208, prior to
being filtered by the second filter 206, after being filtered by the second filter 206, in a portion
of plumbing between the container 102 and the inlet 222, in a portion of plumbing between the
engine 106 and the outlet 224, or a combination thereof. It is to be appreciated that the one or
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more flow rate sensors can be utilized alone or in combination with at least one of the pressure
sensors, the temperature sensors, or any other sensor described herein.

[0063] In an embodiment, the first filter 204 can include an outlet 1002 (shown in FIG. 10) from
the first filter 204 (after filtration at the first pressure) to the regulator 208 that has
approximately 1/4 inch diameter (0,635 cm). In an embodiment, the second filter 206 can
include an outlet 1004 (shown in FIG. 10) from the second filter 206 (after filtration at the
second pressure) to the outlet 224 that has approximately 3/8 inch diameter (0,953 cm). As
discussed above, the first filter 204 and the second filter 206 can be, but are not limited to
being, coalescing filters. By way of example and not limitation, the first filter 204 can be a grade

6 filter that provides at least one of 788 CFM @ 3600 psi (1960 Ib per hour; 1338m%h @ 24,8

MPa) or 25 CFM @ 100 psi (62 Ib per hour; 42,5m%h @ 689 476 Pa). By way of example and
not limitation, the second filter 206 can be a grade 10 filter that provides at least one of 50

CFM @100 psi (124 Ib per hour; 85 m3h @ 689 476 Pa) having a sump capacity of 5 oz (148
ml).

[0064] FIGs. 14-20 illustrate non-limiting embodiments of fuel storage systems 28 that includes
one or more containers 102 configured in a vertical orientation. The fuel module system 104
can be mounted on a portion of a vehicle at a location that is between a fuel storage 28 and an
engine of the vehicle. In another embodiment, the fuel module system 104 can be positioned
inside or proximate to the fuel storage system 28. By way of example and not limitation, the
fuel module system 104 can be coupled to a frame of a vehicle or a chassis of a vehicle. In an
embodiment, the fuel module system 104 can be coupled to the frame of the vehicle, wherein
the fuel module system 104 is at a location that is at least one of above the frame, below the
frame, parallel with the frame or substantially parallel with the frame. In another embodiment,
the fuel module system 104 can be coupled to a member and the member can be coupled to
the frame. It is to be appreciated that the fuel module system 104 can be coupled to one or
more members of which one or more of said members are coupled to the frame of the vehicle.
In another embodiment, the fuel module system 104 is coupled to the fuel storage system 28
or enclosed within the fuel storage system 28.

[0065] FIGs. 14-15 illustrates the fuel storage system 28 is a non-limiting embodiment that
includes one or more containers 102 that are configured to house a material, each container
102 may be cylindrical in shape with a length, a diameter, and a first end opposite a second
end in which the first end includes a valve opening; a frame that couples to at least the one or
more containers 102; a casing 400 that surrounds the frame and the one or more containers
102; the length of the one or more containers 102 are oriented in a vertical position; the frame
is adapted to attach to a portion of a chassis 1510 of a vehicle 1500, wherein the frame, the
casing 400, and the one or more containers 102 are located behind a cabin 1504 of the vehicle
1500; and the one or more containers 102 are connected to the frame with a first neck mount
for the first end of each of the one or more containers 102 and a second neck mount for the
second end of each of the one or more containers 102.
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[0066] It should be understood that in other acceptable embodiments the orientation of the
one or more containers 102 need not be vertical, the containers 102 may be horizontal in the
system 28 illustrated in FIGs. 14-15 or in some other orientation such as, without limitation,
slanted. For example, the one or more containers 102 can be angled at any degree from 0
degrees being parallel to the ground to 90 degrees being perpendicular to the ground.

[0067] As shown in FIG. 16, the fuel storage system 28 can house the one or more containers
102 in a position that is underneath a portion of cabin 1504 and along a side, such as without
limitation, the driver-side or the passenger side, of the vehicle 1500. It should be understood
that the fuel storage system 28 shown in FIG. 16, the one or more containers 102 may be
placed on either side of the vehicle 1500 close to, within or partially within, the location that
diesel or unleaded fuel tanks typically occupy. For instance, the system 28 can be used in
combination with one or more fuel tanks or in replacement of one or more fuel tanks. In
embodiments with multiple containers 102, the containers 102 may have orientations that differ
from one another. In embodiments with a single container 102, the container 102 may be
horizontal vertical or slanted and may be positioned at either side of the vehicle 1500, upright,
mounted along the chassis 1510 of the vehicle 1500 on either side, or mounted horizontally
and transverse to the chassis 1510.

[0068] Referring to FIG. 17, the truck 10 can include a frame 12 having a front end 14, a cabin
16 and wheel tire/axle assemblies 18 attached therewith. The frame 12 can include frame rails
20, 22, which are arranged generally parallel to and spaced apart from one another, and cross
members 24, 26 attached with the frame rails 20, 22 to provide structural support for the frame
rails 20, 22.

[0069] A fueling system 28 can be supported on and attached with the frame rails 20, 22 and
positioned behind the cabin 16, wherein the fueling system 28 can enclose one or more
containers that house a material. As discussed above, the fueling system 28 can be a
compressed gas or a material stored in a container. The fueling system 28 provides for the
storage of a material that can be used to power movement of the truck 10. The fueling system
28, in this example, includes a housing 30 with access panels 32, 34. The fueling system 28
can have a width that is approximately equal to the width of the truck 10 so as to not
significantly impact aerodynamic properties of the truck 10.

[0070] The fueling system 28 illustrated in FIG. 17 can include a plurality of cylindrical
containers stacked on their sides such that their axes are oriented generally perpendicular to
the frame rails 20, 22. In other examples, the containers may take any suitable form and be
arranged in any suitable fashion.

[0071] As seen in FIGS. 18-20, embodiments of fuel storage systems 28 are illustrated that
can be utilized with the fuel module system 104. The fuel storage system 28 can mount to a
structure on a vehicle 1500 or a portion of the vehicle. In an embodiment, the fuel storage
system 28 can be coupled to the chassis or frame 1510 of the vehicle 1500. For example, as
shown in FIGs. 18 and 19, the fuel storage system 28 can be mounted to a portion of a cabin
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1504 of the vehicle in a horizontal orientation compared to a ground level (FIG. 18). In another
example, the fuel storage system 28 can be mounted to a portion of a cabin 1504 of the
vehicle in a vertical orientation compared to a ground level (FIG. 19). It is to be appreciated the
vehicle 1500 can include one or more fuel storage systems 28 in various configurations (e.g.,
first support system in a horizontal orientation and a second support system in a vertical
orientation, or a support system in a position that is in between horizontal and vertical). In
another example, illustrated in FIG. 20, the fuel storage system 28 can be mounted to the
chassis or frame 1510 so that the container 102 within a housing can be supported beside or
beneath the frame 1510.

[0072] It should be understood that in other acceptable embodiments the orientation of the
one or more containers 102 need not be horizontal; the containers 102 may be vertical or in
some other orientation or position in between a horizontal position and a vertical position (e.g.,
an angle between 0 and 90 degrees), such as, without limitation, slanted.

[0073] In an embodiment, the container 102 can be mounted with one or more straps. In
another embodiment, the container 102 can be neck mounted, that is mounted at one or more
necks of the container 102. It is to be appreciated that the container 102 can include a neck on
at least one end of the container 102. A neck mount provides for substantially stress free
container expansion and/or contraction. A neck mount may comprise a mounting block having
an internal geometry adapted to engage with the neck of a container 102 and an external
geometry adapted to engage with a block receiver. In particular, a face of the first neck mount
can be coupled to the first inner plate and a face of the second neck mount can be coupled to
the second inner plate.

[0074] It should be understood that the internal geometry of the mounting block can be
adapted to accept a wide variety of shapes of a neck including, but not limited to, cylindrical,
cuboid, prismatic, polyhedral, or otherwise. It should be understood that the external geometry
of the mounting block and the block receiver can be any of a wide variety of shapes including,
but not limited to, cylindrical, prismatic, or otherwise. It should be understood that the fit
between the neck of container 102 and the internal geometry of mounting block may be a tight
fit or press fit or other fit adapted to prevent slippage between the neck and the internal
geometry, or may be a loose or clearance or other fit adapted to permit slippage between the
neck and the internal geometry. It is further to be appreciated that a neck mount can be used
on each end of the container 102 for each container 102.

[0075] In certain embodiments, the fuel module system 104 includes an electrical connector
component that couples to at least one of an electrical component of the vehicle. For example,
and without limitation, in conventional vehicles, there is typically an electrical system
comprising one or more of an alternator or other electrical generator and a battery or other
energy storage device adapted to supply electrical energy. Known methods and apparatuses
for operationally engaging the electrical system of a vehicle may be adapted for use with the
fuel module system 104 in order to provide an electrical connector component that may be
used to readily couple with the electrical system of vehicle. An electrical connector component
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coupled with the electrical system of vehicle may be used to supply the fuel module system
104 with electrical energy, voltage, current, and the like.

[0076] In certain embodiments, the fuel module system 104 includes a fuel connector
component adapted to fluidly communicate with at least one of a hose of the vehicle or a fuel
line of the vehicle, wherein the fuel connector component is adapted to output a portion of the
material from the one or more containers 102 to a the fuel connector component and/or to a
supply line or conduit. Such supply line or conduit can deliver the material from the fuel module
system 104 to the engine or an engine compartment using one or more of a supply line,
tubing, plumbing, or conduit and/or one or more fuel connector components.

[0077] The fuel module system 104 can be located on at least one of a driver side of the
vehicle or a passenger side of the vehicle. Moreover, the fuel storage system 28 illustrated in
FIGs. 14-20 can include one or more manifolds. In such embodiments, the manifold can
include a fast-fill port adapted to receives a portion of the material contained within one or
more containers 102 at a first rate of flow; a fuel transfer port configured for fluid
communication of a portion of the material between a container affixed to a second vehicle and
the one or more containers 102 of the first vehicle and also configured for fluid communication
of a portion of the material between the one or more containers 102 of vehicle and an external
storage container (not integral to the vehicle) such as, without limitation, a storage container at
a garage, depot, or other site; and a transfer valve that is configured to control flow for the fuel
transfer port. The manifold can further include a shut-off valve, an internal check valve, an inlet
fitting, a fuel storage fitting, and a pressure gage. In certain embodiments, a first container is in
selectable fluid communication with a second container. This latter selectable fluid
communication may adapted for control by a valve.

[0078] Generally, a container 102 may be any kind of container chosen with good engineering
judgment and may, without limitation, consist of or comprise a cylinder, a tank, a housing, or a
canister. The vehicle may be any kind of vehicle chosen with good engineering judgment and
may, without limitation, be selected from the group consisting of a semi, a semi truck, a semi-
trailer truck, a tractor-trailer, a transfer truck, an 18-wheeler, a truck, a class 6 vehicle, a class
7 vehicle, a class 8 vehicle, an automobile, farm equipment, industrial equipment, construction
equipment, van, Sport Utility Vehicle (SUV), a truck that carriers a load and/or freight, a bus
and the like.

[0079] The system 100 can include tubing or plumbing that delivers the material from the
container 102 to the fuel module system 104, from the fuel module system 104 to an engine, a
compartment of the engine, or a portion of an engine of the vehicle, wherein the tubing or
plumbing can utilize one or more filters, connectors, valves, regulators, sensors, transducers,
solenoid valves, and the like.

[0080] The fuel module system 104 can utilize a shock mount, wherein the shock mount can
be, but is not limited to being, a elastomeric damper, a spring-damper, and the like to mitigate
movement and stabilize the coupling of the fuel module system 104 to a portion of the vehicle.
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The shock mount can include a damper with an aperture in which a bolt can be inserted
therein, wherein the bolt can attach a bracket assembly to the chassis of the vehicle. The
shock mount can further include a washer or plate on an end with a nut that facilitates
attachment to the chassis.

[0081] Sequentially, the following occurs as illustrated in a decision tree flow diagram which is
a flow diagram that processes a material from a container for deliver and use for an engine of
a vehicle.

[0082] A method is provided for processing a compressed gas stored in a container, that
includes at least the following: receiving the compressed gas having a first pressure, a first
temperature, and a first flow rate from the container, wherein the compressed gas is used as a
fuel source for an engine of a vehicle; removing a contaminant from the material with a first
filter rated for approximately the first pressure; reducing the first pressure of the material to a
second pressure, wherein the second pressure is within a target range for pressure based on
a displacement of the engine for the vehicle; decreasing the first temperature of the material to
a second temperature, wherein the second temperature is within a target range for
temperature based on the displacement of the engine for the vehicle; adjusting the first flow
rate of the material to a second flow rate, wherein the second flow rate is within a target range
for flow rate based on the displacement of the engine for the vehicle; removing an additional
contaminant from the material with a second filter rated for approximately the second pressure
after the step of removing the contaminant; and delivering the compressed gas to a
combustion chamber of the engine after the step of removing the additional contaminant.

[0083] In an embodiment, the fuel module system includes a first sensor that is configured to
detect a first pressure reading for the compressed gas in the container, wherein the first
pressure reading is utilized to ascertain an adjustment to the first pressure by the regulator. In
an embodiment, the fuel module system includes a second sensor that is configured to detect
a second pressure reading for the compressed gas after receipt into the inlet, wherein the
second pressure reading is utilized to ascertain an adjustment to the first pressure by the
regulator. In an embodiment, the fuel module system includes a third sensor that is configured
to detect a third pressure reading for the compressed gas after the regulator adjusts the
compressed gas from the first pressure to the second pressure, wherein the third pressure
reading is utilized to ascertain an adjustment to a pressure by the regulator for a subsequent
portion of material being processed by the fuel module system. In an embodiment, the fuel
module system includes a fourth sensor that is configured to detect a fourth pressure reading
for the compressed gas after deliver from the outlet, wherein the fourth pressure reading is
utilized to ascertain an adjustment to a pressure by the regulator for a subsequent portion of
material being processed by the fuel module system.

[0084] According to the invention, the fuel module system includes a temperature sensor that
is further configured to detect a first temperature reading for the compressed gas in the fuel
module system, wherein the first temperature reading is utilized to adjust the first temperature
to a second temperature and the second temperature is a within a predefined range of values
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for the engine based on a size of the engine and a number of pistons of the engine. In an
embodiment, the fuel module system includes one or more lines that cycle a portion of liquid
through a body surrounding a portion of the gas path to adjust the compressed gas from the
first temperature to the second temperature. According to the invention, the fuel module
system includes a flow rate sensor that is further configured to detect a first flow rate reading
for the compressed gas in the fuel module system, wherein the first flow rate reading can be
utilized to adjust the first flow rate to a second flow rate with the regulator and the second flow
rate is a within a predefined range of values for the engine based on a size of the engine and a
number of pistons of the engine.

[0085] In an embodiment, the fuel module system includes the following: a first sectional
module that includes the first filter, the regulator, the inlet, and a first portion of the gas path; a
second sectional module that includes the second filter, a second portion of the gas path, and
the outlet, wherein the first portion of the gas path and the second portion of the gas path are
in fluid communication with one another; and the first sectional module and the second module
are removeably coupled.

[0086] In an embodiment, the first filter removes contaminants for the first pressure that is
above 3100 psi (21, 4 MPa). In an embodiment, the first filter removes contaminants for the
second pressure that is below 100 psi (689 476 Pa).

[0087] According to the invention, the fuel module system includes a purge component that
activates a flow of the material through the second filter to cleanse and remove debris
therefrom and restrains passage of the material to the outlet. According to the invention, the
fuel module system includes a containment vessel that collects and stores the flow of the
material through the second filter.

[0088] In an embodiment, the fuel module system include a first sectional module that includes
the first filter, the regulator, and the inlet; a second sectional module that includes the second
filter, and the outlet; and the first sectional module and the second module are removeably
coupled.

[0089] In an embodiment, the fuel module system includes at least one of an additional
pressure sensor that detects pressure after the second filter removes contaminants; an
additional temperature sensor that detects temperature after the second filter removes
contaminants; and an additional flow rate sensor that detects flow rate after the second filter
removes contaminants.

[0090] In an embodiment, the fuel module system includes: the regulator further adjusts
pressure of the material dependent upon the additional pressure sensor data detected; the
regulator further adjusts flow rate of the material dependent upon the additional flow rate
sensor data detected; and one or more lines further adjusts temperature of the body of the fuel
module system dependent upon the additional temperature sensor data detected.
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[0091] According to the invention, the fuel module system includes: a purge component that
activates a flow of the material through the second filter to cleanse and remove debris
therefrom and restrains passage of the material to the outlet; and a containment vessel that
collects and stores the flow of the material through the second filter.
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Patentkrav

1. Motorsystem, omfattende et breendstofmodulsystem (104), der er i fluidfor-
bindelse mellem en motor og en beholder, der rummer en komprimeret gas,
hvor breendstofmodulsystemet omfatter

en tradles kommunikationskomponent (202), der tilvejebringer tradlas kommu-
nikation med et netveerk, der er eksternt i forhold til et keret@j med braendstof-
modulsystemet;

et indlgb (222), der er i fluidforbindelse med en beholder, der rummer en kom-
primeret gas, og hvor indlabet er konfigureret til at modtage den komprimerede
gas ved et farste tryk, en farste temperatur og en ferste stremningshastighed
fra beholderen;

et farste filter (204), der er i fluidforbindelse med indlgbet og er konfigureret til
at filtrere den komprimerede gas;

en regulator (208) i fluidforbindelse med det ferste filter, hvor regulatoren er
konfigureret til at justere et tryk af den komprimerede gas fra det ferste tryk til
et andet tryk, der er lavere end det farste tryk, efter at den komprimerede gas
er filtreret, og fra den ferste stremningshastighed til en anden stremningsha-
stighed, hvor regulatoren justerer det farste tryk til det andet tryk og den faerste
stremningshastighed til den anden stremningshastighed som reaktion pa et
signal, der er modtaget ved regulatoren, hvor signalet udsendes af en regula-
tor, der er forbundet med motoren:;

en temperatursensor, der er konfigureret til at detektere den farste temperatur
af den komprimerede gas og udsende en temperaturafleesning svarende til
den ferste temperatur;

en breendstoftemperaturkomponent (214), der er konfigureret til at justere den
komprimerede gas fra den ferste temperatur til en anden temperatur, hvor tem-
peraturafleesningen fra temperatursensoren bruges til at justere den farste
temperatur til den anden temperatur, hvor den anden temperatur er inden for

et foruddefineret interval, der er forbundet med motoren;
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en stremningshastighedssensor, der er konfigureret til at detektere den ferste
stremningshastighed af den komprimerede gas og udsende en stremningsha-
stighedsafleesning svarende til den farste stramningshastighed, hvor det sig-
nal, der er modtaget ved regulatoren, er baseret i det mindste delvist pa strem-
ningshastighedsafleesningen;

en gasbane, der er i fluidforbindelse med regulatoren og er konfigureret til at
modtage den komprimerede gas ved det andet tryk, hvor gasbanen leder den
komprimerede gas til et andet filter;

hvor det andet filter (206) er i fluidforbindelse med regulatoren, og det andet
filter er konfigureret til at filtrere den komprimerede gas ved det andet tryk;

et udlgb (224), der er konfigureret til at levere den komprimerede gas fra det
andet filter til motoren, hvor udlabet er i fluidforbindelse med en del af motoren
til modtagelse af den komprimerede gas ved det andet tryk;

en rensekomponent (220), der leder den komprimerede gas gennem det andet
filter (206) til en indeslutningsbeholder for at rense og fijerne snavs derfra og
forhindrer passage af den komprimerede gas til udlgbet, hvor rensekompo-
nenten (220) automatisk leder den komprimerede gas gennem det andet filter
ved detektering af en opbygning af et materiale ved det andet filter; og

hvor det andet tryk, den anden temperatur og den anden stremningshastighed
justeres i realtid som svar pa et signal, der er modtaget ved den tradlase kom-
munikationskomponent (202) fra det tilknyttede netveerk, hvor det signal, der
er modtaget ved regulatoren (208), er baseret i det mindste delvist pa det sig-

nal, der er modtaget ved den tradlese kommunikationskomponent (202).

2. Motorsystem ifelge krav 1, hvor delen af motoren er et forbreendingskam-

mer.

3. Motorsystem ifalge krav 1, hvor breendstofmodulsystemet yderligere omfat-
ter en farste sensor, der er installeret i breendstofmodulsystemet ved et sted
mellem beholderen og indlgbet, hvor den farste sensor er konfigureret til at

udsende en ferste trykafleesning for den komprimerede gas i beholderen, hvor
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det signal, der er modtaget ved regulatoren, i det mindste delvist er baseret pa

den ferste trykaflaesning fra den ferste sensor.

4. Motorsystem ifalge krav 3, hvor breendstofmodulsystemet yderligere omfat-
ter en anden sensor, der er installeret pa et sted i breendstofmodulsystemet,
far den komprimerede gas kommer ind i det farste filter, hvor den anden sen-
sor er konfigureret til at udsende en anden trykafleesning for den komprime-
rede gas efter modtagelse i indlgbet, hvor det signal, der er modtaget ved re-
gulatoren, i det mindste delvist er baseret pa den anden trykaflaesning fra den

anden sensor.

5. Motorsystem ifalge krav 4, hvor breendstofmodulsystemet yderligere omfat-
ter en tredje sensor, der er installeret pa et sted i breendstofmodulsystemet
efter passage af den komprimerede gas gennem regulatoren, hvor den tredje
sensor er konfigureret til at udsende en tredje trykaflaesning for den kompri-
merede gas efter, at regulatoren justerer den komprimerede gas fra det fgrste
tryk til det andet tryk, hvor det signal, der er modtaget ved regulatoren, i det

mindste delvist er baseret pa den tredje trykafleesning fra den tredje sensor.

6. Motorsystem ifalge krav 5, hvor breendstofmodulsystemet yderligere omfat-
ter en fjerde sensor, der er installeret pa et sted i breendstofmodulsystemet
efter passage af den komprimerede gas gennem det andet filter, hvor den
flerde sensor er konfigureret til at detektere en fjerde trykafleesning for den
komprimerede gas ved udlgbet, hvor det signal, der er modtaget ved regula-
toren, i det mindste delvist er baseret pa den fjerde trykafleesning fra den fjerde

Sensor.

7. Motorsystem ifglge krav 1, hvor det foruddefinerede omrade af veerdier for

motoren er baseret pa en starrelse af motoren og et antal stempler i motoren.
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8. Motorsystem ifalge krav 1, hvor breendstofmodulsystemet yderligere omfat-
ter en eller flere ledninger, der cirkulerer en del veeske gennem et legeme, der
omgiver en del af gasbanen, hvor den ene eller flere ledninger sammen med
breendstoftemperaturkomponenten justerer den komprimerede gas fra den far-

ste temperatur til den anden temperatur.

9. Motorsystem ifalge krav 1, hvor breendstofmodulsystemet omfatter et seet
sektionsmoduler, der kan aftageligt kobles sammen, og seettet af sektionsmo-
duler inkluderer:

et forste sektionsmodul med det ferste filter, regulatoren og indlabet; og

et andet sektionsmodul, som har det andet filter og udlabet, hvor en gasbane
er dannet mellem det farste sektionsmodul og det andet sektionsmodul, nar
de er koblet, hvor gasbanen leder en fluidstream mellem det farste sektionsmo-

dul og det andet sektionsmodul.

10. Motorsystem ifalge krav 1, hvor det signal, der er modtaget ved regulato-
ren, i det mindste delvis er baseret pa et terreen, hvor et keretej, der huser

motoren, karer pa.

11. Motorsystem ifalge krav 1, hvor det signal, der er modtaget ved regulato-
ren, i det mindste delvis er baseret pa en belastning, der opleves af et keretaj,

der huser motoren.

12. Fremgangsmade til behandling af den komprimerede gas fra motorsyste-
met ifalge krav 1, opbevaret i en beholder, omfattende:

modtagelse af en komprimeret gas med et ferste tryk, en farste temperatur og
en farste stremningshastighed fra beholderen, hvor den komprimerede gas
anvendes som en breendstofkilde til en motor i et karetgj;

overvagning af den ferste temperatur med en temperatursensor og udleesning

af en temperaturafleesning svarende til den ferste temperatur;



10

15

20

25

DK/EP 3467290 T3

overvagning af den ferste stremningshastighed med en stremningsha-
stighedssensor og udleesning af en stremningshastighedsafleesning svarende
til den farste stremningshastighed, hvor det signal, der er modtaget ved regu-
latoren, i det mindste delvist er baseret pa stramningshastighedsaflaesningen;
flernelse af en forurening fra den komprimerede gas med et farste filter bereg-
net til omtrent det farste tryk;

reduktion af det ferste tryk af den komprimerede gas til et andet tryk, hvor en
regulator, der er i veeskekommunikation med det ferste filter, justerer det andet
tryk som reaktion pa et signal, der er modtaget ved regulatoren, hvor signalet
er udsendt af en styreenhed, der er forbundet med motoren;

saenkning af den farste temperatur af den komprimerede gas til en anden tem-
peratur, hvor en breendstoftemperaturkomponent (214) justerer den anden
temperatur som svar pa et signal, der er modtaget ved breendstoftemperatur-
komponenten (214), og temperaturaflaesningen fra temperatursensoren;
modtagelse af et signal ved en tradles kommunikationskomponent (202), hvor
den tradlgse kommunikationskomponent (202) tilvejebringer tradlazs kommu-
nikation til et tilkknyttet netveerk, der er eksternt i forhold til keretgjet, hvor det
signal, der er modtaget ved regulatoren i det mindste delvist er baseret pa det
signal, der er modtaget ved den tradl@se kommunikationskomponent (202);
justering af den ferste streamningshastighed af den komprimerede gas til en
anden stremningshastighed, hvor den anden stremningshastighed justeres
som reaktion pa det signal, der er modtaget ved regulatoren;

flernelse af en yderligere forurening fra den komprimerede gas med et andet
filter beregnet til ca. det andet tryk efter trinnet med fjernelse af forureningen;
ledning af den komprimerede gas gennem det andet filter til en indeslutnings-
beholder for at rense og fjerne snavs fra det andet filter, hvor komprimeret gas
forhindres i at passere til et forbreendingskammer i motoren; og

levering af den komprimerede gas til motorens forbraendingskammer efter trin-

net med at fjerne den yderligere forurening.
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