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LOW HYDROCARBON EMISSION FUEL TANK WITH INTERNAL
COMPONENTS

TECHNICAL FIELD

This invention relates ta fuel tanks, and more particularly to a low
permeation fuel tank that includes internally mounted companents.

BACKGROUND ART

Fuel tanks made of plastic or metal are well known for providing a
reserveir of fuel for engines and other fue| consuming devices in land, water
and air vehicles. A hydrocarbon barrier is fypically included in fuel tanks to
prevent passage of fuel and associated vapors therethrough.  Additional
componenis are usually added to the fuel tark to create a fuel system. The
components may include valves, hoses, pumps, lavel sensors, structural
supports, etc. Typically, some of ¢these components are installed inside the
fuel tank by cuiting service holes in the tank. In addition, some of the
components ars installed cutside the tark requiring additional holes, grooves
andlor recesses.

Recent changes in government regulations have reduced the amount
of allowable fuel vapor emissions from fuel tanks. One way to reduce
aliowable fuel vapor emissions is through minimization of breaches in the
hydracarbon barrier.  Redustion in the number of hales in the fuel tank
through internalization of fuel system components minimizes breaches. Ons
way io internalize fuel system components is to inseri the components during
manufacture of the tank.

Some fuel tanks are manufactured with a structure inside the tark,
The structure provides for internalized mounting of fuel system components.
In addition, the structure includes rigid columins that are rigidly connected with
opposite walls of the fuel tank to maintain the structure in position. The
columns are located to generally define the perimeter of the structure. In
addition to supporting the remaining structure, the colurns also provide local

1
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structurat support for the fuel tank. The remaining structure is created with
rigid members. Some of the rigid members include campliant joints to allow
the otherwise rigid siructure to distort in response to external forces. Such a
structure is described in U.S, Patant No. 8,138,859 to Aulph et al.

One problem with prior art structures is the significant cost and
complexity that is added to the tank to achieve structural support and the
ability 1o distort in the presence of external forces, Manufacturing fusl tanks
with prior art siructures involves forming each of the individual
members/columns, coupling the members and columns in a predetermined
pattern and then coupling the resulting structure with a fuel tank. The guantity
and placement of the members may vary significantly among different
structures depending on the design of the fuel tank. In addition, coupiing the
columns with opposite walls of the fuel tank may be difficult to perform and/or
verify. Aside from the significant design and manufacturing requirements to
creats and install the structure, accommodation of the structure may
adversely affect the overall design and functionality of the fusl tank.

For example, the use of columns to support the stricture may require
placement of columns where no structural support of the fuel tank is needad.
In addition, columns may provide siiffness thet hinders desirable crushing
andlor Tolding characteristics of the fuel tank during an impact, such as in a
crash situation.  Further, shearing and moment forces applied fo oniy a
portion of the fank, such as, for example, in a crash situation, may be
fransfarred to another portion of the tank by the rigid nature of the columns
causing additional damage. Finally, column placement required to support
the structure may interfere with ribbing and other desirable features formed in
the walls of the fuel tank.

DISCLOSURE GF INVENTION

The present invention is defined by the foliowing clzims, and nething in
this section should be taken as a fimifation on those claims. By way of
inroduction, the embodiments herein described disclose a fusl tank system
that includes 2 fuel system module. The fue! sysiemn module provides both

2
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rigid and flexile structural support using a fairly uncomplicated and
economical desigh. The design is relatively easy to manufacture and installin
the fuet tank system. The fuel system module may be fonmed to comply with
the shape and structural features present in the fuel tank system. [n addition,
the fuel system module may be formed to seleciively inchide formations that
provide structural support and provisions for posifioning fuel system
components. Further, functional featurss of the fuel tank system and
provisions for mounting the fuel system module within the fuel tark system
may also be included.

The fuel tank system forms a container that includes a first half and
second half. The first and second haives are coupled by a weld joint to form a
chamber. The fuel system module is positioned within the chamber prior to
coupling the first and seccnd halves to minimize heles and other
discantinuities in a hydrocarbon haier. The hydracarbon barrier is formed by
the first and second halves, and surrcunds the fue! system moduls.

The fue! systern module includes a pre-formed sheet. The pre-formed
sheet is 2 continuous sheet formed in a predetermined shape. The pre-
formed sheet may include formations to posilion at teast one fuel system
componani thereon. In addition, the pre-formed sheet may be formed to
include functional features of the fuel tank system, such as, for example,
raservoirs and fuel channeling. The pre-formed sheet may alsc include
farmations to mount the fusl system module in one of the first half and the
second half. Mounting of the fuel system madule may involve coupling the
fuel system module te an interior surface of either the first half or the second
half of the container,

The fual system module utilizes the pre-formed sheet to provide both
rigid and flexible structural suppert when subject to forces external andfor
intarnal to the fuel fank system. The prefommed shest includes formations
that exhibit rigidity when subject to forces substantially perpendicular fo the
surface of the pre-formed shest. In addition, the pre-formed sheet includes
farmations that exhibit flexibility when subject to forces substantially parallel
with the surface of the pre-formad sheet. Accordingly, the fue! system moduie

3
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may ve selectively formed to provide resistance to some forces and
absorption of other forces oocurring within the fuel tank system.

An irteresting feature of the fuel system module is the absence of
individually manufactured and assembled components and parts to achieve
the functionality pravided by the pre-formed sheet. The pre-formed sheet may
alsc be formed contiguous with the contour of interior surfaces of the first and
second halves. In addition, ine pre-formed sheet consumes very little tank
capacity while providing significant structural and operation functionality.
Further, due to the inherent adaptability In the formation of the pre-formed
sheat, accommodation of different shapes, structural support reguirsmenis
and mounting requirements within the fuel system module are relatively
simple.

Another interesting feature of the fuel system medule is the flexible and
rigid structural suppert that may be designed to enhance the manufacturing
process. For example, structural rigicity may be included that allows an
installation device, such as a robot arm ta grasp, manipulate and insert the
fuel system modute inte the fuel tank system without damage. In addition,
damags to the hydrocarbon barrier when the fuel system module is pressed
against the interior surface of the first or second halves with too much force
may be avoided by providing selective flexibility.

Yet another interesting feature of the fuel system module is the ability
to create & single module in which fue! system components may be pre-
configured and tested prior to installation in the fuel tank system. As such,
cooparative operation of multiple componants may be confirmed before the
fuel system module is sealed within the container.

Further aspects and advantages of the invention are discussed below
in conjunction with fha preferred embodiments.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective exploded view of an embodiment of 2 fuel tank
systern illustrating an embodiment of a fuel systern module.
FIG. 2 is a top view of the fuel system module illustraied in F1G. 1,

4
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FIG. 3 is a cross-section side view of another embodiment of the fusl
fank system illustrating another embodiment of the fuel system madule.

FIG. 4 is = parspective view of another embodimeant of the fust lank
system with a portion culaway fo illustrate another embodiment of the fuel
system module.

EIG. 5 is a top view of the fusl system module illustrated in FIG. 4.

FIG, 6 is a perspective view of another embodiment of the fusl tank
system with a portion cutaway to illustrate another embodiment of the fuel
system module.

MODES FOR CARRYING QUT THE INVENTION

Embodiments of a fuel system madula for use in & fuel tank systam are
disclosed. The fuel system madule cornprises at laast une pre-formed sheet
that is shaped for insertion as a layer between the two halves of a fusl tank
during the manufacturing process. Fuel system components and functional
features of the fuel system may be included as part of the fuel system module.
The fuel system module is farmed to provide structural rigicity for supporting
the fuel system components ang funchonal features while also providing
flaxibility to alleviate undesireble stresses that may develop.  In addition, the
fuel system module may be pre-formed in any shape compatible with the
structural features and/or contaurs of the fuel tank. Support of the fuel system
maodule within one of the two halves of the fuel tank is provided by farmations
i the pre-formed sheel. The pre-formed sheet also maximizes fusl capacity
within the fuel tank and provides desirable crushing and folding characteristic
during an impact.

FIG. 1 Hlusirates an exploded perspective view of a fuel tank system
10. The fuel tank eystern 10 forms & cantainer that includes a first half 12, a
second half 14 and a fuel system module 16. In the illustrated embodiment,
the fusl tank system 1G is formed as a saddle type fuel fank.  In other
embodiments, the fusl tank system 10 may be farmad in any other shape

forming a fuel tank.

JP 2004-512211 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

23

30

(23)

WO 014097 PUTIUSOT452S

The first haif 12 forms the top half and the second half 14 forms the
boltem half of the fuel tank in the illustrated embodiment. I other
embodiments, the first and second halves may be left and right side halves,
front and hackside halves or any other formation of twe halves forming & fusl
tank. In siill other embodiments, the two haives 12, 14 may each be formed
of a number of panels connertively coupled to form the two halves 12, 14. In
yet other embodiments, the first and second healves 12, 14 may nof be two
“halves” of the container. For example, the second half 12 may form the
battom and sides of the container and the second half 14 may form a top
cover.

The first and secornd halves 12, 14 may be formed of, for example,
thermoplastic materials, thermoset materials, metal materials, polymers
containing both thermoplastic and thermoset materials and/or any other
materials capable of forming a container that includes a hydrocarbon barrier.
Exemplary thermoset materials include epoxy, phenolic resin ("bakelite),
carbon fiberfepoxy and other thermoset type materials. Mstal materials may
be, for example, stainless steel or any cther metals that do not corrode, form
gels, of in any other way structurally degrade or degrade the quality of fuel
stored therein. Thermoplastic materials may be single, or multi-layer, resin
based thermoplastic materials. '

In one embodiment, the thermaplastic materials are in the form of
thermoplastic sheats with six layers. The first layer is an ouier layer that
includes high-density polyethylene (HDPE) and carbon black. The secand
layer is an inner layer positionad adjacent fo the first tayer and includes
reground thermopiastic sheet material. A third layer positioned adjacent the
second layer is also an inner layer and includes adbesive polymer.
Positioned adgiacent the third layer is a fourth layer that includes ethylene viny!
alcohol (EVOH). The EVOH layer of this embadiment provides a hydrocarben
barrier for reducticn of the emission of hydrocarbons permeating through the
thermoplastic sheet. A fifth layer is positioned adjacent the fouiih layer and
includes adnesive polymer. The sixth layer forms the other outer layer
adjacent to the fifth Jayer and includes HOPE. In other embodiments, different

6
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compositions, arangements and guantiiies of layers may be used io form the
thermoplastic sheel.

The first and second halves 12, 14 may be formed by stemping,
casting, molding or any other technigue for farming the desired cantour,
structura) and functional features. The formation techniqus utilized is
dependent to some extent on the materials from which the first and second
halves 12, 14 are formed. For example, metal materials are typically
stamped, thermoset materials are typically cured in a mold, and thermoplastic
materials may be blow molded or thermoformad using melds.

In one embadiment, where thermoplastic sheets are used, the first and
second halves 12, 14 may be formed by twinsheet thermoforming. In general,
twinsheei thermoforming allows the first and second halves 12, 14 to be
formed separately from molten thermoplastic sheets. The thermoplastic
sheets are formed inde the first and secend haives 12, 14 and brought
together undar controlled conditions 1o be hermetically sealed to form the
container.

In the illustrated smbodiment, the first half 12 includes a contaured top
surface 20 that laterally extends to a contoured side surface 22. The side
surface 22 surrounds and extends various predetermined distances generally
perpendicular te the top surface 20 to an edge 24. The edge 24 ganerally
forms a lip or a flange compatible with the second half 14. The top surface 20
and the side surface 22 form a generally concaved shape with a first interior
surface 26.

The first half 12 of this embodiment also includes ai least one access
port 28 and a fill neck 30. The access port 28 is a formation within ths
contoured top suface 20. The access port 26 includes provisions for creating
an aperture to access the intericr of the first and second halves 12, 14
following sealing. [n addition, the access pori 26 may also be formed to
couple a cap 32 to the first half 12 by, for example, snap fit, threaded
connection, snap lock or some other coupling mechanism.  In other
embodiments, the access port 28 and cap 32 is not included. The fill neck 30
is formed in the side surface 22 Io provide an enfrance into the container for

7
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fluids, such s, for example, fuel. In other embodiments, the fill nack 30 may
ha formed in the top surface 20 or the sscond half 14.

The second half 14 similarly includes a conioured top surface 34
laterelly extending to a confoured side surface 36. The side surface 36
extends a predetermined distance generzlly perpendicular fo the top surface
34 {o an edge 38. The edge 38 is formed to create a seal with the edge 24 of
the first half 12 when the first and second halves 12, 14 are brought together.
The top surface 34 and the side surface 36 generally form another concaved
shape with a second interior surface 40. When tha first and second halves
12, ‘14 are brought tagether the edges 24, 35 are sealed by farmation of a
weld joint. The weld joint, or pinchoff, is positionad to surround the periphery
of the first and second halves 12, 14 and form a hermstic seal.

Once sealed, the first and sscond interior surfaces 26, 40 define a
chamber in which fiuids, such as, for example fue! may be stored. Each of the
first ang secend halves 12, 14 also include a continuous hydrocarbon barrier
surreunding the chamber to deter migration of fluid out of the chamber. In
one ermbodiment, the first and second halves 12, 14 farm a low permeation
plastic fuel tank.

The fuel system module 16 is positioned within the chamber defined by
the first and second halves 12, 14. The fuel system module 16 provides a
single module encompassing whatever functionality is selected for inclusion
within the fuel tank system 10. Accordingly, the selected functionality may be
relatively guickly and easily installed during manufacture of the fuel lank
system 1D.

In addition, the fuel systermn module 168 may comprise functionality
requiring cooperative cperation of a number of different compenerts. By
building the functionality as part of the fusl system module 16, cooperative
operation of the compenents may be verified, Verification may be parformed
prior to installation of the fuel system module 16. Further, a low hydrocarbon
emission fuel tank may be craated sinca the fuel system modula 16 is
completely enclosed within the hydrocarbon barrier provided by the first and
second halves 12, 14.
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The embodiment of the fuel system module 16 illusirated in FIG. §
includes at ieast one fuel system component 44 and a pra-formad sheat 45
Ths fuel syster component 44 may be a valve, a hose, an electric conductor,
a pump, a filter, & sensor or any other fuel system related mechanism and/or
faaturs. In the iliustrated embodiment, a plurality of fuel system components
44 are depicted. Namely, FIG. 1 includes a fusl level vent valve {FLVV) 443,
arokover valve 44b, and a plurality of hoses 44c for fransporting fuel and
vapors. In other embodiments, additional or fawer fuel system compaonents
44 may be included. The fuel system components 44 are positioned
contiguous with the pre-formed sheet 46.

The pre-formed sheet 46 may be any sheet fashioned ina
predetermired shape forming & continuous layer between the first and second
hatves 12, 14. As used hergin, the term "sheat” refers to materials with
opposing surfaces in which the thickness of the materials between the
spposing surfaces are thin in comparison to the length andfor the width of the
opposing surfaces, The pre-formed shest 46 may be relatively flat or may
include contours, ridges, ribs, flanges, fins, folds, cavities, grooves, notches,
troughs, passageways, holes or any other formations formable within a shest.
The pre-formed sheet 48 may be Tormed from polymers such as for exampls,
thermoplastic material, themoset material or 8 combination of both. in
addition the pre-formed sheet 46 may be formed of metal or any other semi-
rigid material capable of being fashioned into a sheet with a predetermined
functional shape.

In the presently preferred embodiments, tha pre-formed sheet 46
provides both a rigid structure and a flexible structure as a function of the
shape of the pre-formed sheet 46. A sheet is inherently relatively stiff when
subject to forces acling in directions substantially psmendicular to the
opposing surfaces, and relatively flexible when subject to forces acling in
directions substantially paralle} to the oppasing surfaces.

As used herein, "substantially parallel” refers to forces with a larger
shaar stress component and a smalier norma! siress component acting on the
opposing surfaces of the sheet. Simitarly, "substaniially perpendicular™ refors

9
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to those forces with a larger nomal stress component end & smaller shear
stress compohent acting on the opposing surfaces of the sheet.  In addition,
references herain to "surfaces” of the pre-formed sheet 46 refer to the
crientation of the plane generally occupied by the extending pre-formed sheel
46 and not the individual formations thereon.

By strategically shaping formafions within the pre-formad sheet 45,
rigidity when exposed to some forces, and flexibility when exposed ta other
forces may be achieved. The formations may alsc be designed and shaped
with pre-determined failure levels to provide prediciable crushing and folding
characteristics when subject to excessive and/or undesirable forces. Forces
the pre-formed sheet 46 may be subject to include external forces imparted
on the fuel tank system 10 as weil as internally created forces. Exemplary
external forces include vibration, impact forces and vacuum/pressure created
in the fuel tank system 10. On the other hand, exemplary interns! forces
include shrinkags and swelling between structures, fransient thermal
imbalances dua to uneven heating and cooling and dynamic leading caused
by lateral movement of the fuel systam components 44 or fuel within the fuel
tank system 10.

For example, the pre-formed sheet 46 may include formations that
allow the application of prassure to urge the fuel system module 16 inio
contact with the first interior surface 26 or the second interior surface 40,
Rigidity designed info the pre-formed shest 46 aliows manipulation by, for
example, a robot arm without creating undesirable and potentially damaging
deformation and/or stress of the fusl system module 16. Design of the pre-
former} shest 468 may also include flexibility to aileviate any excessive
pressure that may otherwise cause damaging siress to the hydrocarben
barrier when the fuel system module 16 is urged into contact. Accordingly,
the fuel system morule 16 absorbs undesirable stresses while at the same
time providing rigid resistance to cther stresses to maimain the integrity and
functionalily of the fuel tank system 18,

In one embodiment, the pre-formed sheet 48 is formed from
thermopiastic material. The thermoplastic material may be formed by blow

10
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molding, themmoselting, andfor any other technigque for forming thermoplastic.
In one embodiment, the thermoplastic materisl is a single continuous
thermoplastic sheet. In other embodiments, the thermopiastic material may
inciude at least twa separately formed thermeplastic sheets that ars welded,
or otherwise coupled together to form a continuous sheet.

The pre-formed sheet 46 may aiso include et least one functional
featurs 48 formed within the pre-formed sheet 46, Exemplary functional
features 48 include a liquid reservair, a liquid channel, a baffle, provisions for
fuel system components 44, pravisions for caupling the preformed sheet 46
to one of the first and second halves 12, 14, a structural support andfor any
other functional features perteining to fuel systems and fuel system operation.
The pre-formed sheet 46 may alse include apedures. The apertures may be
localed to allow the fiow of fusl through the pre-formed sheet, as wel as
avoiding undesirable poaling of fuel and creation of air pockets.

n addition, the functional features 48 within the preformed sheet 48
may include formaticns ta provide stiffness as well as flexibility when subject
to internal and extemal forges. For example, through selective formation of
the functional features 48, forces applied substantialy perpendicular to
surfaces of the preformed shest 46 may be presented with stiffness.
Similariy, forces applied substantially paraliel with surfaces ef the pre-formed
sheel 46 may be presented with flexibility. In addition, functional features 48
may be formed to allow the pre-formed sheet 46 to seleclively react with
flexibility and/or stiffness to non-parallel ancfor nan-perpendicular shearing
forces, as well as momant loading, within the fuel tank system 10.

In the illustrated embodiment, the functional features 48 include a first
feature 48a, a second feature 48b and & third feature 480 The first feature
48a includes a number of functional characteristics. One characteristic s
structural and is provided by a cylindrical, hollow, generally barre! shaped first
housing 50 formed in the pre-formed sheet 45. In other embodiments, the
formation forming the first housing 50 may be generally sheped as, for
example, square, rectangular, spherical, conical, eliiptical or any other shape.

11
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The first housing 50 may longitudinally extend to be perpendicular and
adjacent to both the first interior surface 26 and the second interior surface 40
when the first and secaond halves 12, 14 are brought together. The nature of
thee formatian of the first nousing 50 allows the pre-formed sheet 46 to provide
rigid support when the first and second halves 12, 14 are subject to
compressive forces. Exemplary compressive forces include forces induced
by vacuum, bending and warping that may cause the first and second halves
12, 14 to move claser fogether. it should be noted that the first housing 50
doss not provide a fixed rigid connection between the first and second
surfaces 26, 40. !n addition, the first housing 50 may be formed to be
adjacent anly the first or the second halves 12, 14 and provide ne rigid
support.

Anciher characierislic provided by the first housing 50 is support for
fuel system compenenrts 44 inserted into the hallow within the first housing 50.
The suppori may be formed to ba rigid and/or flexible. For example, the pre-
formed sheset 46 may flex to allow the fuel system component 44 to move
substantially parallel 1o surfaces of the preformed sheot 46 while remaining
rigid against movement perpendicular to surfaces of the pre-formed shaet 46.

In the illustrated embodiment, 2 fusl system component 44, such as,
for example, a fuel pump may be positioned w'rthih the first housing 50
Installation of the fusl system romponent 44 may be performed by removing
the cap 37 and lowering the fuel systern component 44 through the access
port 28, Alternatively, the fuel syster component 44 may be installed before
the first and second halves 12, 14 are sealed fogether. The fuel system
component 44 may be held within the firet housing 50 by friciion fit, screw
connectian, snap-fit, welding, gluing or any other mechanism for coupling the
{fuel system component 44 1o the first housing 50.

FIG. 2 illustrates a top view of & pertion of the fuel system module 16
with the fus! system components 44 remaved and portions of the pre-formed
sheet 46 cross-sactioned. Another characteristic provided by the illustrated
smbodiment of the first feature 48a is a reservair formed by the hollow within
the first housing 50 that includes & swirl pot 52, The swirl pot 52 is formed in

12
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the pre-formed shest 46 to pravide a channel for flow of liquid through an
aperiura 54 in the first housing 50. The swirt pot 52 operates in & well-known
marmes 10 vefain fuel within the first housing 50.

Referring now to FIGs. 1 and 2, the second featurs 48b of this
embodiment similarly includes a cylindrical, hollow, generally barrel shaped
second housing 56 formed in the pre-formed sheet 46. The second housing
56 simitarly includes provisicn o accept at least one fuel system component
44 such as for example, the FLVV 44a and/or the roll over valve 44b. In
addition, the second housing 56 may provide rigidity and/or flexibility within
the pre-formed sheet 46 similar to the first housing 50. In ather embodiments,
the formation of the second feature 48b may be generally shaped as, for
example, square, rectangular, spherical, conical, elliptical or any other shape.

In another embodiment, the first and second housings £0, 58 may be
used &s femporary positioning devices for the fuel system components 44.
During manufaciure, a fusl system component 44 may be temporarily
positioned in one of the first or second housings 50 or 38, Tha fusal system
component 44 is maintained in a predetermined position and coupled ta the
first or second interior surfaces 26 or 40. In ather embodiments, the fuel
system compenents 44 may be temporarily positioned by other formaticns
within the pre-formed sheet 46.

Coupling occurs when the first and second halves 12, 14 are brought
fogether and the fusl system component 44 is pressed against the first or
secend intarior surfaces 26 or 40 by the first or second housings 50 or 56, In
one embodiment, the first and second housings 50, 56 may be formed in the
pre-formed sheet 45 to provide sufficient flexibilly and rigidity {compressive
resistance) to promote proper coupling of the fuel system componant 44.
Sufficient flexibility may, for exampls, prevent the fusl systam component 44
from being embedded to an undesirabls depth in the first ar second interior
surfaces 26 or 40,

The third feature 4Bc of the illustrated embodiment comprises a
plurality of ribs, ar channels selsctively fermed in the pre-formed sheet 46 for
anhansemant of the struciural integrity of the fuel system module 16, The ribs

i3
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may be selectively formed to enhence fiexibillly as well as rigidity. Other
features may also be formed in the preformed sheet 16, such as, for axample,
apertures to provide a baffling function far slosh abatement and noise control
as well as improved durability, Other exerplary formations such as, shelves,
grooves, notches or folds provided to maintain the position of the hoses 44c
or any other functionst features 48 may be formed in the pra-formed sheet 46,
in addition, the pre-farmed sheet 46 as a whale may serve as a condansing
surface and an anti-turbulence system to raduce fuel-air mixing and resultant
fuel vapor generation.

The fuel system module 16 may be positioned in sither the first half 12
ar the second half 14 during the manufacturing process. (N one embodiment,
the fuel system module 16 is fixedly coupled to gither the first interior surface
26 or the second interior surface 40, In this embodiment, the pre-formed
sheet 46 may include farmations to provide rigid and/ar flsxible coupling. The
formations for coupling meay cooperatively operate with other formations in the
pre-formead sheet 46 simiarly providing rigidity and or flexibility, Exemplary
formations for coupling may include areas of the pre-formed shest 46 formed
1o be contiguous with the first interior surface 26 or the second interior surfaca
40.

The formations may be fixedly coupled with the contiguous first or
second interior surface 26 or 40 by, for example, welding, giuing or any other
coupling mechanism that does not compramise the hydrocarbon barrier. In
another embodiment, some form of adapter mechanism may be formed from
the pre-formed sheet 48 or provided as a separate device to faciliate
coupling.

Dus to the formations, stresses ofherwise created between the first or
second halves 12 er 14 and the fuel systam modula 16 ars absorbed  For
example, pressurization of the fuel tank systsm 10 may cause the firsi and
secand halves 12, 14 te move apart. When this ocouwrs, tensile stresses that
would otherwise develop between the first or second halves 12 or 14 and the:
fuel system module 16 are absorbed by the flexibility of the formations.

14
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In another embodiment, the fuel system module 16 is not fixedly
coupled to either the first half 12 or the second half 14, Instead, geometric
interferances between the contours of the first half 12, the second half 14 and
formations in the pre-formed sheet 46 hold the fuel system moduie 16 in
position. In this embadiment, the fuel system module 16 is mounted in, and
supported by, one of the first half 12 and the second half 14

FIG. 3 is a crass-sectionad side view of another embodiment of the fuet
tank system 10 depictad in an assemhbled state {e.g. following sealing of the
first and second halves 12, 14}. In the illustrated embodiment, the pre-formed
sheet 46 is positioned in the second half 14 and is held in place by geometric
interfsrences. The pre-formed sheet 46 includes formations conforming to the
contour of the second interior surface 40 such that the first and second
housings 50, 56 are contiguous with the second interior surface 40.

In addition, the first and second housings 50, 56 of this embadimarit
are formsd to exend through the cavity and selectively contact the first
interior surface 26, Accordingly, the formations maintain the position of the
fuet system module 16 by engagement of the pre-formed sheat 46 with the
first and second interlor surfaces 26, 40. The absence of mechanical
connections to the first and second halves 12, 14, aliows the fusl system
moduia 18 to remain flaxible and rigid. Mavable and flaxible to absorb built up
strosses, while providing stifness for forces, such as, for example,
compressive forces acting on the first and second halves 12, 14. In ancther
embodiment, the geometric interferences and coupling mechanisms of the
previcusly discussed embodiments may be used in combination.

Raferring again ta FIG. 2, in yet another embodimant, tha fuel system
module 16 may include at least one weld tab 60 formed to provide a coupling
mechanism with the first or second interior surfaces 26 or 40 {FIG. 1). The
weld tabs B0 are formed from the pre-formad sheet 46 to provide flexibility
ang rigidity.  In this embodiment, the weld tabs 80 may be oriented and
positioned so as to provide flexible support as well as rigict suppott.  In
addition, the location of other formations in the pre-formed sheet 46 in the
vicinity of the weld tabs 80 may furthar determine the support characteristics.

15
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In one embodiment, the weld labs 60 may be weided, glued or otherwise
fixedly coupled with the first or secend interior surfaces 26 or 40. In ancther
ambodiment, sleeves formed it the first or second interior sudfaces 26 ar 40
may be formed ta slidably accept the weld tabs G0,

As further illusirated in FIG. 2, in still other embodimenis, the pre-
formed sheet 46 includes slots 62. The slots 62 may be formed to shidably
engage fingers sxtending from the first or second interior surfaces 26 or 40.
The design and position af the slots 82 within the pre-formed sheel 46
provides a predetermined range of motion of the fuel system madule 16.

FIG. 4 is a perspective view of another embaodiment of the fusl tank
system 10 with portions cutaway to illustrate an embodiment of the fuel
systern moculs 168 included therein. The fusl tank system 10 alse includes 3
firat half 12, a second half 14, an access port 28, a fill neck 30, acap 32 and a
plurality of fuel system components 44 similar to the previously described
embodimants. n addition, the fusl system madule 18 includes the pre-formed
sheet 46 and at leasi ane fuel system component 44,

In the illustrated embadiment, the fuel system moduie 16 is coupled to
the first interior surface 28 of the first half 12 As in the previcus
embediments, the pre-formed sheet 46 is a pradetermined shape providing a
continueus layer between the first half 12 and the second half 14. [n addition,
the pre-formed sheet 46 is formed to provide rigid, yet flexible, structural
support far the fuel system components 44.

The fuel system companents 44 positicned on the pre-formed shest 45
are & first rollover valve &d4d, a second rollover valve 4d4e and an
inferconnecting hose 44f. The first and secend rollover vaives 44d and 44e
ara positioned away from gach other in a predetermined pasition by the pre-
formed sheet 46. In this embodiment, the remaining fuel system componenis
44 are installed away from the fuel systam module 18, In other emboediments,
however, the pre-formed shest 44 may be enlarged to accommedate
positioning of additional fusl system components 44 and additienal
functionality on the fuel system module 16.

16
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FIG. 5 is a top view of the fuel system module 16 illustrated in FIG. 4
that has baen removad from the fuel tank system 10. In addition, the fuel
systemn components 444, dde and 44f have been removed. The pre-formed
sheet 46 is shaped in & longitudinally extending channel with a first end 62
and a second end 64 The channel includes a base 66 with walls 68
extending perpendicularly from the base 62. Near the first end 62 is a first
apertura 70 formed to accommedate the first rollaver valve 44d, and a second
aperture 72 formed near the second end 64 to accommodate the second
rollover valve 44s. The first and second apertures 70, 72 represent a screw
connaciion, a snap fit eonnecticn, & friction fit connection or any ether form of
mechanical cenneclion with the first and second rollover valves 44d, 4de. In
other embogiments, the first and second rollover valves 44d, 44e may be
coupled with the preformed sheet 46 by welding, gluing or any other
mechanism that provides coupling.

The base 66 in cooperative aperation with the walls 68 provides routing
and support far the interconnacting hose 44f as best iliustrated in FIG. 4. In
other embodiments, routing for additional fuel system components 44 may
also be provided, Referring now to FIGs. 4 and 5, the base 68 and the walls
&8 provide rigidity of the pre-formed sheet 46 to maintain the first and second
roll over valves 44d, 44e adjacent to the first interior surface 26. The base 66
and the walls 68 also provide fiexibility in allowing the first and second ends
52, 64 to move closer together and further away. The first and second ends
62 B4 may move &3 a result of compressive and tensile forces acting
substantially parallel to surfaces of the fusl system moduls 16.

The fuel system medule 16 may be fixedly coupled to the interior
surface 26 of the first half 12, Although not illustrated, as in previously
discussed embodiments, the preformed sheet 46 may include formations such
as, weld tabs 60, slots 82, andfar araas of the preformed shest 46 that may
be coupled with the interior surface 26. Stresses that would otherwise occur
during differential shrinkage and swelling of the interior suface 26 with
respect to the pre-formed sheat 46 may be absorbed by the flexibility of the
pre-formed shest 46.

17
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FIG. & is a perspective view of ancther embodiment of the fusl tank
system 10 with a portion cut away o illustrate another embodiment of the fuel
systern module 16, Similar to the previously described embodiments, the fuel
tank systemn 10 of this embodiment alse includes a first half 12, & second half
14, an access port 28, a fill neck 30 and a cap 32. In addition, the fual system
medule 16 includes the pre-formed sheet 46 and fuel system compeonents 44
that include the FLVV 44a and a vapor removal hose 44g.

In the illustrated embodiment, the fill neck 30 is a conduit extending a
pradetermined distance inte ihe chamber formed by the Sirst and second
haives 12, 14. In addition, a reservair 80 is formed in the interior surface 40 of
the second half 14. The fuel system module 16 includes formations to allow
mounting within the seccnd half 14 by one of the previcusly discussad
technigues.

In this embodiment, the pre-formed shest 46 is functionally formed to
support and route the fill neck 30 as ilustrated. Further, the pre-formed sheet
45 includes formations to provide a channel 82 jo direct liquid flowing from the:
fill neck 20 to the reservoir 80. The formations within the pre-formed sheot 46
supporting the fill neck 30 and foming the channel 82 pravide rigidity fo
maintain the flow of liquid into the reservoir 8G. In addition, flexibility is also
included to absarb the stresses caused by high velogity liguid fliowing out of
the fill neck 30.

The pre-formed sheet 45 is alsa functionally formed to rigidly maintain
the position of the FLVV 44a, provide routing for the vapor removal hose d4g
and provide rigid structural support between the first hali 12 and the second
half 14. The structural support is provided by a series of ridges 64 that are
formed %o extend from the second inferior surface 40 to contact the first
interior surface 26 of the first half 12.

Rafarring now te FIGs. -6, the previously discussed smbodiments of
the fue! tank system 10 utilize the fuel system module 18 to provide a flexible,
yol rigid, low permeaticn fusl tank with internalized fuzl system componerits.
Low permeation is achieved by inserting the fusl system module 16 within the
fuel tank system 10 during manufacturing without compromising the

18
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hydrocarbon barrier. Flexibile as well as rigid suppart for the fuel system
companents 44 and the fusl tank system 10 is provided by the pre-formed
sheet 46 included in the fuel syster maodule 16.

The pre-furmed sheet 46 is a continuous layer formed in a
predetermined shape to provide functionality as weil as address stresses
developed in the fuel tank system 10. Fommations included in the pre-farmed
sheet 45 provide for positioning of fusl system componants 44 as well as the
ability to pravide suitabie compressive rasistance fo promote proper internal
welding of fuel system components 44 fo the first and second interior surfaces
26, 40 In addition, formations may act as stiffnors to resist tank collapse
under yacuum andfor undesireable bending or warping. Futher, the
farmations may be shaped to channel fuet, provide a reservair for fuel, act as
a baffle for slosh abatemeni and provide routing for the fuel system
cemponents 44,

Nua 1o the thin wall properties of the pre-formed sheet 46, fuel capadily
within the fuel tank system 10 is maximized. In addition, inherent adaptibllity
in designing the farmations in the pre-formed shest 46 allows the adaptation
of tha fuet syster module 16 to the contours of almost any fuel tank design.
Finally, selection of the fechnigue and locations for fixedly positioning the fuel
system module 18 within the fusl tank systerm 10 provides ¢ificient and
economical manufacturing while maximizing functionalily and structural
support.

Whila tha invention has been described above by reference to various
embodiments, it will be understood that many changes and modifications can
be made without departing from the scope of the invention. It is iherefore
intended that the foregoing detailed description be understood ss an
illusiration of the presently preferred embodiments of the invention, and not as
a definition of the invention. It is only ihe following claims, including ait

equivalents that are intended te define the scope of this invention.
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WHAT 15 CLAIMED 1S:

1. A container comprising:

& first half (12} of the container,

a second half {14) of the container coupled with the first half to define a
chamber, and

a pre-formed sheet {46} coupled with one of the first half and the
second half, the pre-formed sheet posifioned within the chamber to provide
flexiple and rigid structural support to the container.

2. The conlainer of claim 1, wherein the pre-formed shest is operable to
exhibit rigidity to forces imparied substantially perpendicular to the preformed
sheet.

3 The container as in ctaims 1 or 2, wherein the preformed sheet is
operable to exhibit flexibility to forces imparted substaniially parallel to the
preformed sheet.

4. The container of claim 1, wherein the prefarmed sheat comprises a
fluid reservoir.

5. The centainer of claim 1, wherein the pre-formed shest is operable to
channel fluid within the chamber to a reservoir.

8. The container of claim 1, wherein each af the first half and the second
half are formed from thermoplastic sheets.

7. The cantainer as in claims 1 or 6, wharein the first haif and the second

half operably cooperate to form a barrier surrounding the chamber, the barrier
operable o limit migration of fluid fram the chamber.

20
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8. The container as in claims 1, 2, 4, §, or 6, wherain the container
comprises a low permeation plasiic fuel tank.

9. A low permzation fuel tank comprising:

a fusl system module (18) comprising & continuous pre-formed sheat
{46}, and

a first half (12) and a second half {14) of the low permeation fuel tank
positioned to surround the fusl system module, the fuel system module
formed io the contours of at least ane of the first half and the second half.

10.  The low permeation fuel tank of claim 9, whergin the fuel sysiem
module is operable o resist movementi of the first half toward the second half.

11.  The low permeation fue! tank of claim 9, wherein the fuel sysiem
moduls is operable {0 flexibly move in response to expansion of one of the
first half and the second half.

12.  The low permeation fuel tank as in claims 9, 10, or 11, wherein the
canfinuous pre-formed sheet comprises a formation with provisions to couple
with one of the first half and the second half.

13. The low permeation fuel tank of ¢laim 12, whergin the formation
comprizes at least one of a weld tab (B0), 2 slot (62) and an area of the
continuous pre-formed sheet contiguous with one of the first half and the
second haif.

14,  The low permeation fuel tank as in claims 8, 10 or 11 wherein the fue!
system module comprises thermoplastic.

15.  The low permeation fuel tank as in claims 9, 10, or 11, wherein the first
half and the secend half comprise multipla layer thermoplastic sheels,

23
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18. The low parmesiion fuel tank of claim 9, wherein the fuel system
module comprises a fuel sysiem component (44).

17.  The iow permeation fuel tank of claim 16, wherein the fuel sysiem
module is operable to ternporarily maintain the fusl system component in
pesition fo weld te one of the first half and the second half.

18.  The low permeation fuiel tank of claim 2, wherein the fuel system
modules is gperable 1o channel fuel 1o a fuel resarveir within the [ow
permeation fugl tank.

19, A low hydrocarben emission fuel tank comprising:

a first thermoplastic shest and a second thermoeplastic sheet each
comprising a plurality of layers;

aweld joint operable to couple the first thermoplastic sheet and the
second thermoplastic shest to form the fuel tank, the first and second
thermoplastic sheets operable to provide a hydrocarbon barsier; and

a fuel systermn module {15) positionable within the fuel tank pricr to
application of the weld joint to minimize discontinuities in the hydrecarbon
barrier, the fuel system module comprising & pre-farmed shaet {46) and a fuei
system compenent (44).

20, The low hydrocarbon emission fuel tank of claim 19, wherein the pre-
formed sheet comprises a continuous shest in a predetermined functional
shape the pre-formad shast forming a layer between the first thermoplastic
sheet and the sscond thermoplastic sheet,

21, The low hydrocarbon emission fuel tank as in claims 18 or 20, wherein
the fuel system module is coupled to the first thermoplastic sheet,

22 The low hydrocarbon emigsion fuel tank as in claims 19 or 20, wherein
the fue! system mbdule is coupled to the second tharmoplastic sheet.

22
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23.  The low hydrocarbon smission fuel tank as in claims 19 or 20, wharein
the fue! system module is held in position by geometric interference between
formations in the pre-formed sheet and contours of the first thermaplastic
sheet and the second thermoplastic sheet.

24.  The low hydrocarbon emission fuel tank as in claims 19 or 20, whersin
the fusl system moduls is formed to pasition one of at Isast two fuel system
components away from ancther of the at least two fuel systern components.

25.  The low hydrocarbon emission fuel tank as in claims 15 or 20, wherein
the fuel system module comprises a first end (70) and & second end (72), ong
of at least two fusl system compenents positioned near the first end and
another of the at least two fusl system components positioned near the
s6Cond end.

26, The low hydrocarban emission fuel tank as in claims 19 or 20, wherein
the pre-formed sheet comprises formations, the formations with provisions to
couple the fusl system module with one of the first thermoplastic sheet and
the second thermoplastic sheet.

27.  The low hydrocarbon emission fuel tank of claim 28, wherein the
formations are operabls to allow flexible movement of the fuel system medule
in response to forees acting substantizlly parallel to surfaces of the pre-
formed sheet.

28, The low hydrocarbon emission fuel tank of claim 26, whersin the
fomations are operabla to resist movement of the fusl system madule in
response to forces aciing substantiaily perpendicular to surfaces of the pre-
formed sheet.

23
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29.  Afuel system module {18} for instaliation in 2 low hydrocarbon
emission fusl tank, the fuel syster module comprising:

a pre-formed shest (46}

he pre-formed sheet with provisions to support a fuel system
compongnt (44) in a predetermined position; and

the pre-formed sheel formed ta fit within the low hydrocarton emission
fuel tank with provigions to couple with an interior surface (26, 40) of the low
hydrocarbon emission fuel tank.

a6, The fusl system module of claim 28, wherein the pre-formed sheet is
apserable 1o flexibly absorb forces applied substantially paraitsi to surfaces of
the pre-formed shest and rigidly withstand forces applied substantially
perpendicular to surfaces of the pre-furmed sheet.

31, The fue! system module as in claims 29 or 30, wherein the pre-formed
sheet is contiguous with the contours of tha interior suface.

32, The fuel system medula as in claims 29 or 30, wherein the pre-formed
shest comprises thermoplastic.

33.  The fuel system module as in ¢iaims 29 or 30, wherein the pre-formed
shest comprises functional featuras (48} of the low hydrocarbon emission fuel
tank.

34, The fuel system module as in claims 29 or 30, wherein the pre-formed

sheet is operabla as a structural support.
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35. A method of internalizing fuet systam components, the methed
camprising:

forming & first half (12) of a fuel tank;

forming & second half (14) of the fuel tank;

mounting a fuel system modula {16} in ane of the first half and the
second half of the fuel tank, the fuel system module comprising a pre-formed
sheet {46) and a fuel system component (44); and

joining the first half and the second haif ko surround the fust system
module and form the fuel tank, whergin the fuel systerm module forms a
continuous layer belween the first hatf and fhe second half.

26, The method of claim 35, further comprising coupling the fuet system
module to an interior surface (26, 40} of one of the first half and the second
haif,

37,  The method of claim 35, further comprising posifioning the fuel system
module within a concave shape formed in one of the first half and the second
half.

38. The method as in claims 35 or 36, further comprising preserving a
hydrocartben barrier provided by the first haif and the second half during
mounting of the fuel system modulz.

39, The method as in claims 35 or 38, further comprising applying pressure
to the fual systam module to couple the fuel system module to one of the first
half and the secend half.

40, The method as in claims 35 or 37, further comprising forming the fuel

system module in a predetermined shape contiguous with the contours of at
least one of the first half and the second half.

25

JP 2004-512211 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

28

(43)

WO 014097 PUTIUSOT452S

41, Amethod of creating a fuel system module {16) far internalizing fusl
systemn components, the method comprising:

forming a sheet in a predetermined shape;

creating provisions on the sheet to fixedly couple the sheet 1o an
internal surface of a Juel tank; and

positioning a fuel system component (44) on the sheet.

42.  The methog of claim 41, further comprising routing the fuel zystem
component with the sheet.

43, The methed of glaim 41, wherain forming the sheet comprises forming
a fuel resarvoir as part of the sheet.

44.  The method of claim 41, further comprising testing te verify cooperative
operation of the fuel system component and the sheet.

45 The methed of claim 41, wherein the sheet comprises thermaplastic
and configuring the sheet comprises molding the shest to the predetermined
shape.

46, The method as in claims 41 or 45, wherein forming the sheet
comprises shaping farmations in the sheet to provide rigidity to forces applied
substantially perpendicular to a surface of the sheet and flexibility to forces
applied substantially parailel to a surface of the sheet

47.  The method as in claims 41, 42, 43, 44, or 45, further comprising
installing the sheet in a fuel tank.

26
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