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(54) Title: LOW COST, COMPRESSED GAS FUEL STORAGE SYSTEM
(57) Abstract

A compressed gas vehicle storage system comprised of a plurality of
compressed gas pressure cells (30) supported by shock-absorbing bumpers (21, 22)
positioned within a low cost, shape conforming container (11, 12). The container
(11, 12) is dimensioned relative to the compressed gas pressure cells (30) whereby
a radial air gap (26) surrounds each pressure cell (30). The radial air gap (26)
allows pressure induced expansion of the pressure cells (30) without resulting in
the application of pressure to adjacent pressure cells (30) or physical pressure to
the container (11, 12). The pressure cells (30) are interconnected by & gas control
assembly (40) including a thermally activated pressure relief device (74) and a
conduit (63) connecting the fuel storage system to a vehicle power source and a
refueling adapter. The system is aftached to the vehicle with straps (14, [5) to
enable the chassis to deform as intended in a high-—speed collision.
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TITLE:
LOW COST, COMPRESSED GAS FUEL STORAGE SYSTEM

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to an integrated compressed gas fuel storage system
for motor vehicles, called the Integrated Storage System (ISS), comprising a plurality of
high pressure gas storage cylinders (hereinafier referred to as pressure cells),
interconnected by a gas control assembly incorporating operational and safety controls all

contained within a molded housing.

BACKGROUND

Domestic oil production is declining due to U.S. oil reserves becoming more
difficult to tap while demands on petroleum production escalate. Half of the U.S. oil
supply is imported and the U.S. Department of Energy predicts a 60 percent deficiency by
the year 2010. International oil companies relying on easily extracted foreign oil may meet
the demand but at an unacceptable cost to the U.S. economy. The primary cause of the
short fall is the motor vehicle. Current predictions indicate motor vehicles will proliferate
globally from 500 million today to one billion by the year 2030. The solution is obvious,
alternative fuels must be developed for motor vehicles.

It has been demonstrated that compressed gasses such as hydrogen, propane,
methane or natural gas are viable alternatives to petroleum as a fuel source for motor
vehicles. Natural gas is one of the more interesting of the alternatives because it is a

plentiful commodity in the United States and therefor inexpensive. As a result, more than
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30,000 natural gas vehicles currently in use in the United States. These vehicles have
demonstrated low fuel costs and reduced engine maintenance while affording a significant
reduction in exhaust emissions. Such vehicles have been restricted to fleet trucks,
delivery vans, buses and taxis due to their limited range. The restrictions and limitations
5  are caused by the space required for existing compressed gas fuel systems. This space
penalty results in lost truck bed volume, automobile trunk volume and range. Further
more, higher initial purchase prices are experienced due to the cost of the gas storage
systems.
Compressed gas vehicle fuel systems traditionally consist of a single large

10 cylinder or a series of smaller cylinders mechanically clamped together and rigidly

oo oo mounted to the vehicle chassis. Numerous clamps, brackets, and redundant valves and
W safety devices are required to comply with federal law. Installation and maintenance
L costs are high.

An example of a contemporary compressed natural gas fuel system for an

15  automobile is illustrated in Figure 1. In this typical system, compressed natural gas
storage cylinders reside in the truck, taking up valuable cargo space, and numerous safety
devices are redundantly incorporated throughout the fuel delivery system to insure that

each tank has adequate safeguards to meet the applicable regulations. The size and/or
number of tanks can be reduced, but this solution results in an unacceptable range

20  limitation. The foregoing and related factors have hampered sales of light-duty natural

gas powered vehicles and development of the industry.

It is an object of the present invention to substantially overcome or at least

ameliorate one or more of the prior art deficiencies.
25 SUMMARY OF THE INVENTION

Accordingly, in a first aspect, the present invention provides an integrated
compressed gas vehicle fuel storage system, comprising:

a plurality of compressed gas pressure cells of the type incorporating domed ends

30  and cylindrical bodies;

a container for said plurality of compressed gas pressure cells, wherein said
container is comprised of mirror image top and bottom halves configured to conform to
the shape of said plurality of compressed gas pressure cells;

means for securing said plurality of compressed gas pressure cells within said

@ ;‘: ‘\c,_ontainer and for isolating said plurality of compressed gas pressure cells from each other
=
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and from said container whereby expansion of one of said compressed gas pressure cells
will not apply pressure against adjacent compressed gas pressure cells or the inside of
said container;

a gas control assembly pneumatically interconnecting said plurality of
compressed gas pressure cells;

a protective cover for said gas control assembly fastened to said container;

valleys formed in the interior of said top and bottom halves between adjacent
compressed gas pressure cells;

reinforcing webbing located within said valleys;

pillars located within said valleys as mirror image pillars in said top and bottom
halves and dimensioned to engage their respective mirror image pillar when said top and
bottom halves are assembled; and

a means for securing said system to the vehicle which allows for deformation of
the vehicle chassis for protection of the passenger compartment in the event of a high-
impact collision.

In a second aspect, the present invention provides an integrated compressed gas
vehicle fuel storage system, comptising:

a plurality of compressed gas pressure cells of the type incorporating domed ends
and cylindrical bodies

a container for said plurality of compressed gas pressure cells comprising:

a molded bottom half;

a molded top half;

said top and bottom halves included walls which are opposing when said halves
are assembled as said container;

said opposing walls including a curved section for each one of said plurality of
compressed gas cylinders; and
adjoining edges of said curved sections create valley shaped partitions there between,
wherein said valleys shaped partitions comprise reinforcing webs created as part of the
molded unitized structure comprising each of said top and bottom halves;

means for preventing the direct mechanical coupling of said compressed gas
pressure cells with each other or said container comprising a radial space about said
cylindrical bodies of said compressed gas pressure cells;

shock absorbing means for positioning and holding said domed ends of said

compressed gas pressure cells within said container, said radial space being created by the

# S[RALIBD]02805.doc:IMT




configuration of said shock absorbing means and the relative dimensions of said container
and said compressed gas pressure cells;

a gas control assembly pneumatically interconnecting said plurality of
compressed gas pressure cells; and

5 a protective cover for said gas control assembly fastened to said container.

The preferred form of the present invention utilizes the latest developments in
materials and manufacturing processes to produce a compressed gas fuel storage system
that avoids the limitations of current gas storage systems discussed above. The materials
and processes used enable mass production of the fuel storage system, significantly

10 reducing its initial cost. Of critical importance, the preferred form of the present

invention includes the design of a lightweight, high strength storage system that meets or

] exceeds the safety requirements and application standards dictated by applicable
. governmental and industrial standards.

§:‘": The preferred compressed gas fuel storage system includes a plurality of
::".g 15 composite over-wrapped cylinders (pressure cels), a unitizing, high strength outer shell

with internal protective material (ie. foam or honeycomb) for the pressure cells, 2 central
gas control assembly with interconnecting gas lines, a sealed, but removable for service,
protective cover for the gas control assembly, and straps to secure the system to the
vehicle.

20 The outer shell is an unstressed (un-pressurized), fire-resistant structure that
serves the purpose of unitizing the plurality of pressure cells into a single container

capable of withstanding physical abuse associated with motor vehicle application. The

outer shell and impact-absorbing material (ie. foam or honeycomb) contained therein

serve to protect the pressure cells from impact loads. The gas control assembly protective

25 cover and impact-absorbing material such as but not limited to, foam or honeycomb

contained therein serving to protect the gas control assembly from impact loads. The

outer shell and the gas control assembly protective cover are fabricated from an impact-

resistant, fiber-reinforced thermoplastic or thermoset plastic material. Theouter shell, in

conjunction with elastomeric gaskets, also serves to protect the pressure cells from

30  exposure to water, road salt, automotive fluids (ie. gasoline, motor oil, battery acid,
antifreeze, brake fluid, etc.) and sunlight.

Only a single gas control assembly is needed to meet all safety standards because

the plurality of pressure cells has been unitized into a single container. This gas control

assembly includes a thermally activated pressure relief device, a manual service shut-off
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valve, and electric solenoid valve, and aport to connect the fuel storage system to the
vehicle engine and the refueling adapter.

The compressed gas fuel storage system of the invention is designed to be
attached to the vehicle with straps, tabs, or brackets which do not alter the structural
compliance of the vehicle chassis in the event of a rear end collision. This is critical in
light-duty vehicles which are designed to protect the passengers by absorbing collision
energy through deformation of the chassis in non-passenger compartment regions of the

vehicle (ie. trunk and engine compartment regions).
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a typical prior art compressed natural gas fuel system installed
in a vehicle.

Figure 2 illustrates an installation of the present invention in a light-duty vehicle.

Figure 3 is a perspective three-quarter view of the integrated compressed gas
vehicle fuel storage system, comprising the invention, assembled and ready for
installation in a vehicle.

Figure 4 is an exploded view of the invention.

Figure 5 is a perspective three-quarter view of one of the half-sections of the
integrated storage system (ISS) pressure cell housing illustrating the reinforcing webs and
pillars and one of the devices used to secure two halves together.

Figure 6 is a montage of, from the top of the figure to the bottorn, a plan view of
the end of the ISS opposite the gas control assembly, as viewed from the bottom, a plan
cut-away view of the ISS taken along the line A-A of Figure 3 as it is installed on the
undercarriage of a vehicle, and a plan view of the gas control assembly end of the ISS as
viewed from the top.

Figure 7 is an exploded, three-quarter perspective view illustrating the interior of
the gas control assembly protective cover and protective bumpers.

Figure § is a perspective, three-quarter exploded view illustrating the lower shell
section of the ISS container/outer shell, one of the pressure cells used by the system, and
the bumpers and elastomeric caps that support and cushion the pressure cells.

Figure 9 is a perspective view of the gas control asserﬂbly including the

distribution manifold, pressure cell connectors and related tubing.

[RALIBD]02805.doc:IMT




DETAILED DESCRIPTION OF THE INVENTION

The anticipated primary application of the present invention is a fuel storage
container for automobiles, vans, and light, medium, and heavy duty trucks. Therefore, the
preferred embodiment is presented in terms of an assembly, which fits in available chassis

space and is

[RALIBD]02805 . doc: JIMT
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installed in a manner similar to a conventional gasoline fuel tank. Figure 2 illustrates a preferred
embodiment, which is dimensioned and configured to be located within or beneath the vehicle.
Comparing the prior art compressed gas fuel storage system of Figure 1 with the integrated .
system of the current invention illustrated in Figure 2, demonstrates that the integrated approach
conserves cargo space. It allows the compressed gas integrated storage system, 7, to be installed
under the chassis, 8, of a vehicle, with a refueling port, 9, in the same location as a gasoline fill
port.

The invention, hereinafter referred to as the system, or ISS for integrated storage system,
is designed to be used with compressed gases such as hydrogen, natural gas, natural
gas/hydrogen mixtures, or any other gas, which is stored at high pressure and may be used as a
fuel source in a vehicle. However, to simplify the presentation, the preferred embodiment of the
invention is described in terms of a compressed natural gas (CNG) fuel storage system with an
service pressures of up to 4500 psig.

The system is illustrated in Figure 2 as it is typically installed in an automobile. It
embodies the concepts of pressure containment, damage tolerance, and gas control, Referring
now to Figures 3 and 4, these concepts are achieved by a plurality of compressed gas pressure
cells 30 of the type incorporating cylindrical bedies with domed ends, contained within a
protective, unstressed outer shell 10 comprised of the upper and lower shell sections, 11, 12, and
a gas control assembly, 40, with a gas control assembly protective cover, 13.

The outer shell 10 is a high strength, semi-rectangular box of melded, impact and fire-
resistant plastic material, dimensioned to conform to the shape of the pressure cells. The shell is
designed and manufactured to unitize the plurality of pressure cells into a single container that
remains structurally intact under a variety of envirorimental conditions, abuses associated with
mishandling in shipment and installation, and impacts from road debris and vehicle collision as
required by FMVSS 303, 304, and ANSI/JAS NGV2-1998. The outer shell assists in allowing
the ISS to meet or exceed all requirements of FMVSS 304 and ANSI/TAS NGV2-1998 for tests,
which include pressure cycling, bonfire, flaw tolerance, drop, pendulum impact and gunfire, The
shell achieves its strength through the selection of its materials, its internal stiffeners located in

the valley spaces between the pressure cells, and by means of its final assembly.
7
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Threaded fasteners, 108 (Figure 5), are located at the forward end of the upper and lower
outer shell sections 11, 12 of the outer shell 10 to allow the gas control assembly protective cover
13 to be fastened to the assembled upper, 11, and lower, 12, outer shell sections with mounting
screws, 82 (Figure 4). In the preferred embodiment, metallic threaded inserts are molded in-
place or installed into the forward surface of the upper and lower shell sections at the locations of
the gas control assembly protective cover mounting screws 82.

In this embodiment, the valley spaces between the pressure cells incorporate a
longitudinal stiffener consisting of a ribbed section, 110 (Figure 5), integrally molded into the
shell in the valley areas for the full length of the shell. The recessed surfaces formed by the
bridge between the radiuses that meet in each valley provide a mounting location that allows all
mounting devices to fit completely within the external envelope of the ISS. A pair of external
mounting straps, 14, 15, work in conjunction with channel-shaped sections, 122, 124 (Figure 6),
attached to the vehicle to attach the unit to the chassis. These mounting components fit into the
longitudinal valley spaces in the upper 11 and lower 12 shell sections of the outer shell 10,
providing a means of attaching the ISS to the vehicle and keeping it in position under normal
driving conditions, but allowing it to move relative to the chassis in the event of a high-speed
rear end collision.

The configuration of the various components that form the integrated fuel storage system
are illustrated by the exploded view of Figure 4. In the preferred embodiment, the joint between
the upper and lower shells consists of a tongue and groove, 45 as illustrated in Figure 6, molded
into the perimeter of the shells which are designed to fit together with an interference or snap-fit
with or without an adhesive sealant. In addition, several pillars, 112 (Figure 5), are molded into
the valley areas of the upper and lower shells, When the shells are assembled together,
configured details 114 on the mating surfaces of the pillars nest together and fasteners, such as
tie down cables, 120, and strap locks, 118, are installed through each pillar, putting the pillars in
compression and holding the upper 11 and lower 12 sections together. Joining the pillars in such
amanner serves 1o increase the overall structural stiffness of the housing, while maintaining the

thin-wall nature of the shell.
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The ISS outer shell 10 has interior dimensions that permit the installation of shock
absorbing, protective bumpers, 21, 22 (Figure 5), surrounding and protecting the dome regions of
the pressure cells 30. The gas control assembly protective cover, 13, has interior dimensions that
permit the installation of shock absorbing, protective bumpers, 78, 80 (Figure 7), surrounding
and protecting the gas control assembly 40.

The protective bumpers 21, 22 are fabricated to the shape of the interior of the top 11 and
bottom 12 shell sections and to conform to the shape of the pressure cell dome areas. These
shock-absorbing bumpers act as protective supports for the domes of the pressure cells. The
pressure cells are bound to the structure in the region of the domes only, through elastomeric
interface caps 33, 34 (Figure 8), consisting of rubber- or sponge-like material, and attached to
both the pressure cells and the impact absorbing burmpers with an elastomeric adhesive. The
cylindrical portions of each pressure cell do not make physical contact with each other or with
the outer shell. This results in a radial air gap, 26 (Figure 6), surrounding the cylindrical region
of pressure cells which physically de-couples the pressure cells from each other. The air gap 26
and the elastomeric interface caps 33, 34 in the dome regions accommodate the dimensional
growth of the pressure cells during pressurization caused by normal filling of the pressure cells.

In the preferred embodiment, isolation is achieved through the relative dimensions of
pressure cells and the outer shell combined with the elastomeric interface caps, 33, 34, and shock
absorbing, protective bumpers, 21, 22, which position the pressure cells within the outer shell
and absorb the effects of lengthening of pressure cells during expansion. This relative
positioning creates the radial air gap, 26, around each pressure cell, which absorbs the radial
expansion of the cell. During storage system filling, pressure induced expansion of pressure
cells, is both radial and longitudinal. In alternate embodiments, the air gap, 26, may be replaced
by a low density foam or similar material which will compress without applying significant
pressure to the interior of the pressure cell container or adjacent pressure cells.

Each pressure cell includes an inlet/outlet port, 31 (Figures 4 and 8), consisting of a
through hole with threads machined into the end of a metal boss which extends through openings
in the shell. Rubber seals/grommets, 19, surrounding the exposed metal bosses of each pressure

cell also allow growth in the length direction during pressurization without applying stress to the
9
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outer shell and are used to locate the pressure cells in the outer shell. The grommets also actas a
seal, preventing water or other debris from collecting within the outer shell air gap, 26.

The system includes an internal vent, best seen in Figure 4, consisting of a hole, 71, .
through the outer shell, 10, in the area under the protective cover, 13, and a small atmospheric
vent tube, 70, which together allow the air gap around the pressure cells and within the pressure
cell container to remain at local atmospheric pressure, allowing the outer shell, 10, to remain in
an unstressed state. The atmospheric vent tube, 70, under the protective cover, 13, keeps the
space under the protective cover at ambient atmospheric pressure.

An clastomeric gasket, 17, provides a seal between the outer shell, 10, and the gas control
assembly protective cover, 13. An elastomeric seal/plug, 18, supports and seals the passage of
the thermally activated pressure relief device (PRD) safety vent tube, 74, gas supply tube, 63,
distribution manifold solenoid external power wires, 75 (Figure 9), and the atmospheric vent
tube, 70.

The gas control assembly protective cover design allows for ease of servicing of the gas
control unit while capturing and venting the flow of any gas leaks. As shown in Figures 4 and 7,
the protective cover, 13, includes a flange, 39, with bolt holes, 37, that provides a sealing surface
for the gasket, 17, and an area to install mounting screws, 82, which serve as the structural
connection to the outer shell, 10, and provide the clamping force for the gasket, 17. The
protective cover 13 includes recesses, 102, 104, in its exterior surface, which are dimensioned
and located to accommodate the ISS mounting straps, 14 and 15. The protective cover, 13, also
includes a gasketed, recessed window, 106, best seen in Figure 7, to allow the PRD, 88, (Figure
9) to be thermally exposed to the heat of a fire. The protective cover also includes an access hole
with a removable elastomeric sealing plug, 38, to provide access for the manual shut-off. The
protective cover has a flat outer surface, 114 of Figure 3, parallel to the forward surface of the
outer shell, to minimize the localized stresses due to impact, such as encountered during the 6
foot drop test required by ANSI/IAS NGV2-1998. Two shock absorbing, protective bumpers, 78,
80, of Figure 7, are installed into the ends of the interior of the gas control assembly protective

cover, 13, surrounding and protecting the gas control assembly.

10
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The pressure cells, 30, used in the invention are a variant of commercial compressed
natural gas vehicle storage cylinders of Type 3 or 4 construction in accordance with the
specifications set forth in ANSI/IAS NGV-2 and are manufactured by Lincoln Composites,.
Lincoln, Nebraska as part No. R 240049-001. Type 3 composite full-wrapped cylinders consist
of a metal liner with continuous filaments of reinforcement fibers in a resin matrix filament
wound over the liner. The cylinders are designed such that partial load sharing takes place
between the metal liner and the composite overwrap. Type 4 all-composite cylinders, illustrated
in cross-section by Figure 6, have a gas-tight, non-load bearing plastic liner, 35, overwrapped
with continuous filaments of reinforcement fibers in a resin matrix, 28. The cylinders are
designed such that the composite overwrap takes all the load. Cylindrical pressure cells with
near-hemispherical domed ends are used since they are the most efficient and cost effective
means of carrying gas under high pressure. This is due to the fact that a pressure vessel with a
circular cross section has uniform hoop stresses. A pressure vessel with a non-circular cross
section would have higher peak hoop stresses, as well as local bending stresses, which would in
turn require a thicker wall and therefore result in a heavier, more expensive pressure cell.

In the preferred embodiment, the pressure cells, 30, (Figure 6), are of Type 4 design
consisting of a hybrid of carbon and E-glass fibers with epoxy resin filament wound over
thermoplastic (i.e. HDPE or other suitable plastic) liner which is molded with a boss of
aluminum, steel or composite at each end or at the inlet/outlet port end only. They are similar to
a commercial product in the Type 4 category except that they do not have additional overwraps,
coatings, or any other means to afford protection from impact or environmental exposure, since
this function is performed by other components of the ISS, namely the energy absorbing
bumpers and the outer shell, 10. Also, the pressure cells have a closed boss at the aft end, which
is flush with the dome surface. The pressure cells meet or exceed all requirements of FMVSS
304 and ANSIIAS NGV2-1998 for tests, which include burst, pressure cycling, high
temperature creep, stress rupture, and gas permeation. Other pressure cell designs may be
incorporated in additional embodiments of the ISS. This could include pressure cells similar to

those described above but with an all-carbon overwrap or other type of thermoplastic liner.
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The materials for the outer shell, 10, and the gas control assembly protective cover, 13,
are selected to protect the pressure cells from the types of environmental exposure required by
FMVSS 304 and ANSIIAS NGV2-1998. Inthe preferred embodiment, the upper, 11, and .
lower, 12, shell sections of the outer shell, 10, and the gas control assembly protective cover, 13,
are fabricated from an impact-resistant, fiber reinforced thermoplastic or thermoset plastic
material, such as GE Plastics XENOY®, using the injection molding, compression molding, or
reaction injection molding technique. Alternate materials and fabrication processes could be used
to form the shell sections and the protective cover. The gas control assembly protective cover,
13, is completed by bonding or molding in-place energy-absorbing protective bumpers into the
end areas. The energy-absorbing bumpers are fabricated from an impact-absorbing material such
as, but not limited to, foam or honeycomb.

As shown in Figure 9, the gas control assembly, 40, is comprised of a gas distribution
manifold, 41, which, in the preferred embodiment, is a machined or cast and tumed metal block
that interconnects all of the pressure cells of the ISS, pressure cell pneumatic connection line
assemblies, 61, 62, a safety vent tube, 74, and a supply tube 63. The gas distribution manifold,
41, incorporates a solenoid valve, 51, which is controlled by the vehicle electrical system and
controls a pneumatic passage between the supply line and pressure cells via the pressure cell
pneumatic connection line assemblies, 61, 62, and pneumatic connecting bolt, 42.

The distribution manifold, 41, is connected to the inlet/outlet port, 31, of the center
pressure cell. This connection is accomplished by pneumatic connecting bolt, 42, which
physically secures the manifold to the pressure cell assembly and provides a pneumatic passage
to one of the pressure cells. The manifold, 41, contains a gas passage to ports which are
connected via conventional hi-pressure fittings and stainless steel tubing forming the pressure
cell pneumatic connection line assemblies, 61, 62, to the inlet/outlet ports, 31, of the other
pressure cells. Thus, all three pressure cells are pneumatically interconnected by the manifold,
4].

The manifold, 41, is also connected to the supply tube, 63, through a manual shut-off
valve, 55, and the solenoid valve, 51. The shut-off valve is comprised of a valve seat, associated

bore and the shut-off valve stem, which is threaded into the shut-off valve bore. The manual
12
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shut-off valve provides a means to stop gas flow from the ISS into the vehicle fuel system via the
solenoid valve, 51, and supply tube, 63. The supply tube, 63, is coupled to the vehicle refueling
port and the engine fuel supply by conventional hight-pressure fittings and stainless steel tubing.

The distribution manifold, 41, incorporates a thermally responsive pressure relief device
(PRD). The PRD is pneumatically coupled to the manifold. The PRD opens to vent the gasata
controlled rate through the safety vent tube, 74 in the event of a vehicle fire involving the fuel
storage area. The PRD is activated as a result of exposure to the heat of flame.

In the preferred embodiment, the pressure cells and their protective housing are
assembled through the following steps. The molded protective bumpers, 21, 22, are adhesive
bonded to the outer shell upper and lower sections, 11, 12. The elastomeric interface caps, 33, 34,
are bonded to the dome ends of the three pressure cells with an adhesive/sealant. Adhesive is
applied to the outside surfaces of the elastomeric interface caps, 33, 34, on each of the three
pressure cells. Rubber seals/grommets, 19, are placed around the pressure cell exposed metal
bosses. The pressure cells are placed within the lower shell section, 12, locating the rubber
seals/grommets in the slots in the edges of the forward ends of the lower shell section, 12. The
upper shell section, 11, is installed over the lower section. An adhesive sealant may be applied to
the perimeter joint area between the shell sections. Sufficient force is applied to the shell sections
to fully seat the interference or snap-fit joint. As the adhesive/sealant cures, the assembly is
secured by a plurality of mechanical fasteners, 118, 120, such as nylon tie-downs, installed
through holes, 116, in the pillars, 112, located in the valleys of the upper and lower halves.

The assembly procedure continues with attaching the gas control assembly, 40, to the
inlet/outlet ports, 31, in the metal bosses of the pressure cells. An elastomeric gasket, 17, is
positioned between the gas control assembly protective cover, 13, and the assembled pressure cell
container, 10. Next, the gas control assembly protective cover, 13, is attached over the gasket, 17,
to the outer shell, 10, with a plurality of bolts, which are threaded into the inserts in the upper and
lower sections of the outer shell. This encloses the gas control assembly.

A primary advantage of the preferred form of the present invention is it provides a
campressed gas fuel storage system for vehicles that is shaped in a near-rectangular or other non-
cylindrical configuration to accommodate available chassis space and vehicle packaging
constraints.

Another advantage of the preferred form of the invention is it provides a compressed gas
vehicle fuel storage system utilizing a single gas control assembly, including a thermally activated
pressure relief device, a manual service shut-off valve, an electric solencid valve, a port to
connect the fuel system to a vehicle enging and refueling adapter, and a plurality of pressure cells

contained within a molded housing.
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A further advantage of the preferred form of the invention is it provides a compressed
gas vehicle fuel storage system which incorporates cylindrical pressure cells with near-
hemispherical shaped domed ends.

A further advantage of the preferred form of the invention is it provides a compressed
gas vehicle fuel storage system incorporating a plurality of pressure cells contained within a
molded housing incorporating strengthening webs strategically placed between the pressure cells,

A still further advantage of the preferred form of the invention is it provides a molded
container for a plurality of pressure cells which is assembled by snap lock or other means holding
individually molded container segments together.

Another advantage of the preferred form of the invention is it provides a molded gas
control assembly protective cover for a compressed gas vehicle fuel system.

A further advantage of the preferred form of the invention is it provides a means to
maintain ambient atmospheric pressure within a molded container which functions as a protective
housing for a plurality of pressure cells,

A still further advantage of the preferred form of the invention is it provides a mounting
means for a plurality of pressure cells within a protective container that allows expansion and
contraction of the fuel cells during the course of normal pressurization and depressurization
operations without stressing the container.

A still further advantage of the preferred form of the invention is it provides a means for
isolating individual ones of a plurality of pressure cells within a protective container to enable
said container to undergo penetration with a high-speed projectile without causing catastrophic
rupture of the container, but allowing the gas to vent in a controlied manner.

A still further advantage of the preferred form of the invention is it provides a means of
attaching a compressed gas vehicle fuel storage system to a vehicle by means of straps, tabs, or
brackets for keeping said system fixed to the chassis under normal driving conditions but allowing
the system to be displaced relative to the chassis in the event of a chassis crushing, high-speed
collision.

Another primary advantage of the preferred form of the invention is it provides a
compressed gas vehicle fuel storage system which meets or exceeds government and industrial
standards.

Another advantage of the preferred form of the invention is it provides a compressed gas
vehicle fuel storage system which meets or exceeds the standards developed by the National Fire
Protection Association for compressed natural gas vehicle fuel systems as published in
ANSI/NFPA 52, Compressed Natural Gas (CNG) Vehicular Fuel Systems, 1995, published by the
American National Standards Institute and National Fire Protection Association and incorporated

herein by reference.
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Another advantage of the preferred form of the invention is it provides a compressed gas
vehicle fuel storage system which meets or exceeds the standards and revisions thereto developed
by the Natural Gas Vehicle Coalition and published in the American National Standard for Basic
Requirements for Compressed Natural Gas Veheile (NGV) Fuel Containers, ANSI/IAS NGV2-
1998, and incorporated herein by reference.

A still futher advantage of the preferred form of the invention is it provides a
compressed gas vehicle fuels system which meets or exceeds the standards and revisions thercto
developed by the Natural Gas Vehicle Coalition and published in the American National Standard
for Pressure Relief Devices for Natural Gas Vehicle (NGV) Fuel Containers, ANSI/IAS PRD 1-
1998., and incorporated herein by reference.

Another advantage of the preferred form of the invention is it provides a compressed gas
vehicle fuel storage system which meets or exceeds the standards developed by the National
Highway Traffic Safety Administration (NHTSA) of the Department of Transportation (DOT)
and published by the National Highway Traffic Safety Admistration as Federal Motor Vehicles
Safety Standard, Standard No. 303, Fuel System Integrity of Compressed Natural Gas Vehicles,
1994, and incorporated herein by reference.

A further advantage of the prefetred form of the invention is it provides a compressed
gas vehicle fuel storage system which meets or exceed the standards developed by the national
Highway Traffic Safety Administration (NHTSA) of the Department of Transportation (DOT)
and published by the National Highway Traffic Safety Administration as Federal Motor Vehicles
Safety Standard, Standard 304, Compressed Natural Gas Fuel Containers.

The foregoing is considered as illustrative only of the principles of the invention.

Further, since numerous modifications and changes will readily occur to those skilled in the art,
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it is not desired to limit the invention to the exact construction and applications shown and
described, and accordingly, all suitable modifications and equivalents may be resorted to, falling

within the scope of the invention and the appended claims and their equivalents.
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What is claimed is:

1.

An integrated compressed gas vehicle fuel storage system, comprising:

a plurality of compressed gas pressure cells of the type incorporating domed ends and
cylindrical bodies;

a container for said plurality of compressed gas pressure cells, wherein said contamer is
comprised of mirror image top and bottom halves configured to conform to the shape of
said plurality of compressed gas pressure cells;

means for securing said plurality of compressed gas pressure cells within said container
and for isolating said plurality of compressed gas pressure cells from each other and from
said container whereby expansion of one of said compressed gas pressure cells will not
apply pressure against adjacent compressed gas pressure cells or the inside of said
container;

a gas control assembly pneumatically interconnecting said plurality of compressed gas
pressure cells;

a protective cover for said gas control assembly fastened to said container;

valleys formed in the interior of said top and bottom halves between adjacent compressed
gas pressure cells;

reinforcing webbing located within said valleys;

pillars located within said valleys as mirror image pillars in said top and bottom halves
and dimensioned to engage their respective mirror image pillar when said top and bottom
halves are assembled; and

a means for securing said system to the vehicle which allows for deformation of the
vehicle chassis for protection of the passenger compartment in the event of a high-impact

collision.

2. An integrated compressed gas vehicle fuel storage system as defined by Claim 1,

further comprising;

snap fit means formed in peripheral mating edges of said top and bottom halves;
bores formed vertically through said pillars; and
15
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fastening means fitted through said bores in said mirror image pillars for securing said

top and bottom halves together.

3. An integrated compressed gas vehicle fuel storage system as defined by Claim 1,

further comprising:

interference fit means formed in peripberal mating edges of said top and bottom halves;
bores formed vertically through said pillars; and
fastening means fitted through said bores in said mirror image pillars for securing

said top and bottom halves together.

4. An integrated compressed gas vehicle fuel storage system as defined by Claim 1,
wherein said container and said protective cover are molded from an impact resistant fiber
reinforced thermoplastic and said reinforcing webbing and said pillars are molded as part of

unitary structures forming said top and bottom halves.

5. An integrated compressed gas vehicle fuel storage system as defined by Claim 1,
wherein said container and said protective cover are molded from an impact resistant fiber
reinforced thermoset plastic and said reinforcing webbing and said pillars are molded as part of

unitary structures forming said top and bottom halves.
6. An integrated compressed gas vehicle fuel storage system, comprising:

a plurality of compressed gas pressure cells of the type incorporating domed ends and
cylindrical bodies;

a container for said plurality of compressed gas pressure cells comprising:

a molded bottom half;

a molded top half;

16
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said top and bottom halves including walls which are opposing when said halves are
assembled as said container;

said opposing walls including a curved section for each one of said plurality of
compressed gas cylinders; and

adjoining edges of said curved sections create valley shaped partitions there between,
wherein said valleys shaped partitions comprise reinforcing webs created as part of the
molded unitized structure comprising each of said top and bottom halves;

means for preventing the direct mechanical coupling of said compressed gas pressure
cells with each other or said container comprising a radial space about said cylindrical
bodies of said compressed gas pressure cells;

shock absorbing means for positioning and holding said domed ends of said compressed
gas pressure cells within said container, said radial space being created by the
configuration of said shock absorbing means and the relative dimensions of said
container and said compressed gas pressure cells;

a gas control assembly pneumatically interconnecting said plurality of compressed gas
pressure cells; and

a protective cover for said gas control assembly fastened to said container;

7. An integrated compressed gas vehicle fuel storage system as defined by Claim 6,
further comprising pillars located within said valleys as mirror image pillars in said top and
bottom halves and dimensioned to engage their respective mirror image pillar when said top and

bottom halves are assembled.

8. Anintegrated compressed gas vehicle fuel storage system as defined by Claim 7,

further comprising:

interlocking means formed in the peripheral mating edges of said top and bottom halves;

bores formed vertically through said pillars; and

17
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fastening means fitted through said bores in said mirror image pillars for securing said

top and bottom halves together.

9. An integrated compressed gas vehicle fuel storage system as defined by Claim 8,
5 wherein said container and said protective cover are molded from an impact resistant fiber
reinforced thermoplastic and said reinforcing webbing and said pillars are molded as part of

unitary structures forming said top and bottom halves.

10.  Anintegrated compressed gas vehicle fuel storage system as defined by Claim 8,
10 wherein said container and said protective cover are molded from an impact resistant fiber
reinforced thermoset plastic and said reinforcing webbing and said pillars are molded as part of

unitary structures forming said top and bottom halves.

18
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