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INLINE DUMP-ABLE FUEL SYSTEM DUST FILTER WITH PRESSURE RELIEF
VALVE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority to U.S. provisional
Application No. 62/013,821, filed June 18, 2014, the entire content of which is
iIncorporated herein by reference.

TECHNICAL FIELD

[0002] The field to which the disclosure generally relates to includes
filters.

BACKGROUND
[0003] A fuel system may include a filter.

SUMMARY OF ILLUSTRATIVE VARIATIONS

[0004] One variation may include a product comprising a dump-able filter
comprising: a filter body; a filter assembly, wherein the filter assembly is seated
in the filter body; and a filter cap, wherein the filter cap attaches to the filter body
and encloses at least a portion of the filter assembly.

[0005] Another variation may include a method comprising providing a
dump-able dust filter for a fuel system comprising: providing a filter assembly
iInside of a filter body and a filter cap; rotating the filter cap in a first direction to
lock the filter cap onto the filter body; rotating the filter cap in a second direction
to unlock the filter cap from the filter body; removing contaminants from the
dump-able dust filter; and replacing the filter cap back onto the filter body and
rotating the filter cap in a first direction to lock the filter cap onto the filter body.
[0006] Another variation may include a method comprising providing a
dump-able dust filter for a fuel system comprising: providing a first filter assembly
iInside of a filter body and a filter cap; rotating the filter cap in a first direction to
lock the filter cap onto the filter body; rotating the filter cap in a second direction
to unlock the filter cap from the filter body; removing the first filter assembly from
the filter body; providing a second filter assembly inside of the filter body; and
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replacing the filter cap back onto the filter body and rotating the filter cap in a first
direction to lock the filter cap onto the filter body.

[0007] Other illustrative variations within the scope of the invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while disclosing
variations of the invention, are intended for purposes of illustration only and are
not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Select examples of variations within the scope of the invention will
become more fully understood from the detailed description and the
accompanying drawings, wherein:
[0009] FIG. 1 illustrates a perspective view of a dump-able dust filter
according to a number of variations.
[0010] FIG. 2 illustrates a sectional view of a dump-able dust filter
according to a number of variations.
[0011] FIG. 3 illustrates a perspective view of a filter carrier according to a
number of variations.
[0012] FIG. 4 illustrates a perspective view of a filter element according to
a number of variations.
[0013] FIG. 5 illustrates a bottom perspective view of a filter element
according to a number of variations.
[0014] FIG. 6 illustrates a perspective view of a filter body and a filter
assembly according to a number of variations.
[0015] FIG. 7 illustrates a section view of a filter body according to a
number of variations.
[0016] FIG. 8 illustrates a top perspective view of a filter body according to
a number of variations.
[0017] FIG. 9 illustrates a side view of a dump-able dust filter according to
a number of variations.
[0018] FIG. 9A illustrates a section view of A-A of FIG. 9 according to a
number of variations.
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[0019] FIG. 9B illustrates a section view of B-B of FIG. 9 according to a

number of variations.

[0020] FIG. 10 illustrates a bottom view of a filter cap according to a

number of variations.

[0021] FIG. 11 illustrates a perspective view of a dump-able filter in a fuel

system according to a number of variations.

[0022] FIG. 12 illustrates a perspective view of an example filter carrier

iIncluding a pressure relief valve consistent with the present disclosure,

[0023] FIG. 13 illustrates a cross sectional view of an example filter carrier

including a pressure relief valve consistent with the present disclosure,

[0024] FIGS. 14A and 14B illustrate cross sectional views of an example

filter assembly and an example filter carrier including a pressure relief valve

under a purge air flow condition consistent with the present disclosure;

[0025] FIGS. 14C and 14D illustrate cross sectional views of an example

filter assembly and an example filter carrier including a pressure relief valve

under first air back flow condition consistent with the present disclosure; and

[0026] FIGS. 14E and 14F illustrate cross sectional views of an example

filter assembly and an example filter carrier including a pressure relief valve

under a second purge air flow condition consistent with the present disclosure.
DETAILED DESCRIPTION OF ILLUSTRATIVE VARIATIONS

[0027] The following description of the variations is merely illustrative in
nature and is in no way intended to limit the scope of the invention, its
application, or uses.

[0028] Referring to FIGS. 1 and 2, in a number of variations a product
may comprise a dump-able dust filter 20. A dump-able dust filter 20 may
comprise a filter assembly 22, a filter body 46, an O-ring 98, and a filter cap 82.
The dump-able dust filter 20 may allow dust and/or other contaminants to be
dumped out of the dump-able dust filter 20 periodically so that the dump-able
dust filter 20 may be reused numerous times which may increase the life of the
dump-able filter 20 and/or the fuel system canister 112, as will be discussed
below. While an automotive vehicle fuel system 108 is illustrated below for
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exemplary purposes, it should be recognized that the dump-able dust filter 20
may be used to protect any number of fuel systems including, but not limited to,
tractors, dirt bike, lawn mower and/or general lawn equipment, four-wheelers,
and/or recreational vehicle systems. The dump-able dust-filter 20 may also be
used for in an engine air intake system and/or in a cooling air system for any
number of electric motors. The dump-able dust filter 20 may also be
implemented into a pond filter.
[0029] Referring to FIGS. 2-5, in a number of variations, a filter assembly
22 may include a filter carrier 24 and a filter element 38. In a number of
variations, a filter carrier 24 may comprise a body 26, a first end 28, and a
second end 30 and may be any number of shapes including, but not limited to
cylindrical. The filter carrier 24 may be hollow and may act as a flow passage for
air that may travel there through. The filter carrier body 26 may include one or
more slots 32 which may be constructed and arranged to allow an air flow to
travel through a filter element 38 and into a filter body center tunnel 64 as will be
discussed hereafter. The first end 28 may be constructed and arranged to mate
with a filter cap 82 as will be discussed hereafter. The first end 28 may include a
taper 34 inward which may assist in assembly of the filter cap 82 onto the filter
carrier 24 as will be discussed hereafter. The second end 30 may also include a
taper 34 inward, for example as illustrated in FIG. 3, which may assist in
assembly of the filter carrier 24 into a filter body center tunnel 64 as will be
discussed hereafter. A lip 36 may extend radially from the filter carrier body 26
adjacent the first end 28. The filter carrier 24 may be any of a number of
materials including, but not limited to one or more polymeric materials.
[0030] In any number of variations, a filter element 38 may be assembled
onto the filter carrier body 26. The filter element 38 may comprise a first end 40
and a second end 42. The first end 42 of the filter element 38 may seat against
the lip 36 of the filter carrier 24 and the second end 42 of the filter element 38
may extend a distance along the filter carrier body 26 so that a portion of the
second end 30 of the filter carrier 24 may be exposed, for example as illustrated
in FIG. 5. The filter element 38 may comprise any number of materials including,
but not limited to, any number of foams, pleated woven plastic, woven fibers,
non-woven fibers, screens, and/or pleated paper. In a number of variations, the
4
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second end 42 of the filter element 40 may include a barrier element 44, for
example as illustrated in FIG. 5, which may assist in containing
dust/contaminants that may collect in the dust/contamination collection chamber
/6 located In the filter body 46 from entering back into the air flow path and into
the filter element 38. The first end 40 may also include a barrier element 44
which may element the need for a particular orientation of the filter element 38
during assembly. The barrier element 44 may comprise any number of materials
iIncluding, but not limited to, a foll.

[0031] Referring to FIGS. 1-2 and 6-8, in a number of variations, the filter
assembly 22 may be placed inside of a filter body 46. In a number of variations,
a filter body 46 may comprise a cup component 48, a center tunnel 64, one or
more collection chambers 76, and an outlet port 78, best illustrated in FIG. 7.
The cup component 48 may comprise a base 50 and a body structure 52. The
cup component 48 may be any number of shapes including, but not limited to,
cylindrical. A lip 54 may extend radially outward from the perimeter of a first end
56 of the body structure 52. The lip 54 may also include one or more locking
features 58 including, but not limited to twist lock tabs 60 which may be
constructed and arranged to mate and lock with a filter cap 82 locking feature 96
as will be discussed hereafter. A through-hole 62 may extend through the base
50 of the cup component 48 so that air may exit the filter body 46 through the
outlet port 78. The center tunnel 64 may extend a distance upward from the
perimeter of the through-hole 62 in the base 50 of the cup component 48 and
may act as a flow passage for air which may be traveling through the dump-able
filter 20 as will be discussed hereafter. A first end 66 of the center tunnel 64 may
be constructed and arranged to mate with a second end 30 of the filter carrier
24. The first end 66 of the center tunnel 64 may also include a chamfer 68 which
may assist in the assembly of the filter carrier 24 into the filter body 46, best
illustrated in FIGS. 7 and 8. A plurality of chamber walls 70 may extend from the
center tunnel 64 to the body structure 52. The chamber walls 70 may each
include an upper portion 72 and a lower portion 74. The lower portion 74 of the
chamber walls 70 may be constructed and arranged to form one or more
dust/contaminant collection chambers 76, for example as illustrated in FIG. 7.
The upper portion 72 may be constructed and arranged to provide a lead-in
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angle for installation of the filter assembly 22. The upper portion 72 may also be
constructed and arranged to assist in centering the filter assembly 22 in the filter
body 46. In one variation, the lower portion 74 may extend horizontally from the
center tunnel 64 to the body structure 52 and may form an approximate 90
degree angle with the upper portion 72. The upper portion 72 may extend
upward and may gradually taper inward as it extends upward toward the first end
56 of the body structure 52, for example as illustrated in FIGS. 7 and 8. The
outlet port 78 may extend downward from the perimeter of the through-hole 62
on the base 50 of the cup component 48. The outlet port 78 may be any number
of shapes including, but not limited to, cylindrical and may include one or more
locking features 80 which may include, but are not limited to, one or more locking
tabs, for example as illustrated in FIG. 4. The outlet port 78 may be constructed
and arranged to operatively connect with any number of vehicle components
including, but not limited to, a fresh air line or canister vent solenoid (CVS). The
filter body 46 may comprise any number of materials including, but not limited to,
one or more polymeric materials.

[0032] Referring to FIGS. 1-2 and 9-10, in a number of variations, a filter
cap 82 may be placed on top of the filter body 46 to enclose the filter assembly
22. The filter cap 82 may comprise a cap structure 84, a plurality of spiral vanes
100, and an inlet port 104. In a number of variations, the cap structure 84 may
comprise a top component 86 and a body component 88. A through-hole 90
may extend through the top component 86 and may be constructed and
arranged to allow air into the dump-able filter 20. The body component 88 may
iInclude a first end 92 and a second end 94 and may be any number of shapes
including, but not limited to, cylindrical. A locking feature 96 may extend radially
from the perimeter of a second end 94 of the body component 88. The locking
feature 96 may also be constructed and arranged to house an O-ring 98, for
example as illustrated in FIG. 9A. The O-ring 98 may help to ensure that the
filter cap 82 and filter body 46 are properly sealed together with little to no gaps
which may further prevent dust and/or other contaminants from exiting the dump-
able filter 20. The O-ring 98 may comprise any number of materials including,
but not limited to, an elastomeric material. The locking feature 96 may be any
variation of locking features including, but not limited to, a twist lock feature
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wherein when the filter cap 82 may be placed on top of the filter body 46 and
twisted or rotated in a first direction, the filter cap 82 may lock the tabs 60 on the
filter body 46 In place which may lock the filter cap 82 and the filter body 46
together. The filter cap 82 and filter body 46 may make a locking or snapping
noise which may indicate to an operator that the filter cap 82 is properly locked
onto the filter body 46. An operator may also be able to visually see that the
filter cap 82 is properly locked onto the filter body 46. The locking feature 96
may also be tactile so that an operator may feel when the filter cap 82 properly
locks onto the filter body 46. This may ensure that the dump-able filter 20 is
properly locked into place during assembly or during maintenance. The filter cap
82 and filter body 46 may be unlocked by twisting and/or rotating the filter cap 82
iNn the opposite direction. In another variation, the filter cap 82 and the filter body
46 may be bonded together, for example but not limited to, welding, however,
the dust filter 20 may then be a single use filter.
[0033] A plurality of spiral vanes 100 may extend from an inner surface
102 of the top component 86 and may be constructed and arranged to
accommodate a first end 28 of the filter carrier 24. The plurality of spiral vanes
100 may be constructed and arranged to increase a surface area of the air flow
which may assist in capturing finer dust and/or other contaminants including, but
not limited to, mist, as will be discussed below.
[0034] The inlet port 104 may extend upward from the perimeter of the
through-hole 90 extending through the top component 86 of the cap structure 84.
The inlet port 104 may include one or more locking features 106 which may
include, but are not limited to, one or more locking tabs, for example as
illustrated in FIGS. 9 and 9A. The inlet port 104 may be constructed and
arranged to operatively connect with any number of vehicle components
including, but not limited to, a pre-filter or an outside air source.
[0035] Referring to FIG. 11, in a number of variations, the dump-able filter
20 may be compact and may be attached in various configurations and locations
in a vehicle to protect the vehicle’s fuel system 108 from dust and/or other
contaminants. The dump-able filter 20 may be designed so that it may function
INn a vertical and/or horizontal position or any position there between. In one
variation, the dump-able filter 20 may be attached onto the fresh air line between
/



CA 02952840 2016-12-16

WO 2015/195929 PCT/US2015/036449

the CVS and the prefilter 114 or the outside environment. The dump-able filter
20 may be added or removed to an evaporative emission system that may
previously exist in a vehicle or may be implemented into a vehicle as the sole
dust protection for various systems. Referring to FIG. 9A, in a number of
variations, dust and/or other contaminants may enter into the inlet port 104 of the
dump-able filter 20. Air, dust, and/or any number of contaminants may then
travel through the spiral vanes 100 in the filter cap 82. The spiral vanes 100 may
be constructed and arranged to increase the surface area for capturing finer dust
and/or other contaminants including, but not limited to, mist. The dump-able
filter 20 may be designed so that the dust and/or other contaminants have an
iIncreased velocity at the spiral vanes 100 and a decreased velocity as they pass
through the filter assembly 22 which may cause the courser dust and/or other
contaminant elements to drop out of the flow path 110 and into the
dust/contamination collection chambers 76 of the filter body 46, and wherein the
finer dust and/or other contaminant elements adhere to the filter assembly 22.
Dust/contaminants that accumulate in the dust/contaminant collection chamber
/6 and the filter assembly 22 may then be removed during servicing. This may
eliminate or reduce the need to replace the entire filter and/or the entire
evaporative emission system including the fuel system canister 112 as will be
discussed below.

[0036] Referring again to FIG. 11, in a number of variations, during
refueling of the vehicle, the air flow may be reversed while fuel is entering into
the vehicle tank 116. This may cause the fuel vapor in the tank 116 to be
displaced by the fuel volume which may cause the fuel vapor to move from the
tank 116 through a first tube or pipe 118 to the canister 112, which may
comprise any number of materials including, but not limited to, a carbon, and
again through a second tube or pipe 120 to the dump-able dust filter 20. The
canister 112 may be designed to remove fuel vapor. The reverse flow may
dislodge a portion of dust/contaminant from the filter element 38. The dislodged
dust/contaminants may then be recaptured by the filter element 38 when the air
flow returns to its normal operating state which may occur when the vehicle may
pbe running. The normal operating state may be used to remove any captured
fuel vapor which may be in the canister 112 and may meter the vapor into the

8
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engine air intake. Therefore, the dump-able dust filter 20 may function as a part
of the path for fuel tank air to be released to the atmosphere during refueling.
[0037] In a number of variations, various dump-able filters 20 may include
different configurations for higher efficiency situations or moderate efficiency
situations depending on a customer’s vehicle dust/contaminant exposure.
Therefore, a customer may easily replace the filter assembly 22 in a vehicle If
the customer’s dust/ contaminant exposure increases or decreases.

[0038] The following description of variants is only illustrative of
components, elements, acts, products and methods considered to be within the
scope of the invention and are not in any way intended to limit such scope by
what Is specifically disclosed or not expressly set forth. The components,
elements, acts, products and methods as described herein may be combined
and rearranged other than as expressly described herein and still are considered
to be within the scope of the invention.

[0039] Variation 1 may include a product comprising: a dump-able filter
comprising: a filter body; a filter assembly, wherein the filter assembly is seated
In the filter body; and a filter cap, wherein the filter cap attaches to the filter body
and encloses at least a portion of the filter assembly.

[0040] Variation 2 may include a product as set forth in Variation 1 further
comprising an O-ring which seats between the filter body and the filter cap to
seal the dump-able filter assembly when the filter cap and the filter body are
attached together.

[0041] Variation 3 may include a product as set forth in any of Variations
1-2 wherein the filter cap interlocks with the filter body when the filter cap Is
rotated in a first direction onto the filter body and wherein the filter cap unlocks
with the filter body when the filter cap is rotated in a second direction.

[0042] Variation 4 may include a product as set forth in any of Variations
1-3 wherein the filter cap comprises an inlet port which is constructed and
arranged to connect to a vehicle component.

[0043] Variation 5 may include a product as set forth in any of Variations
1-4 wherein the vehicle component is at least one of a pre-filter or an outside air
source.
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[0044] Variation 6 may include a product as set forth in any of Variations
1-5 wherein the filter body comprises an outlet port which is constructed and
arranged to connect to a vehicle component.

[0045] Variation 7 may include a product as set forth in any of Variations
1-6 wherein the vehicle component is at least one of a fresh air line or a canister
vent solenoid (CVS).

[0046] Variation 8 may include a product as set forth in any of Variations
1-7 wherein the filter cap, the filter assembly, and the filter body form an air flow
tunnel which directs an air flow through a flow path, wherein fine contaminants in
the air flow adhere to the filter assembly and course contaminants drop into at
least one contaminant collection chamber in the filter body.

[0047] Variation 9 may include a product as set forth in any of Variations
1-8 wherein the air flow enters into the dump-able filter through an inlet port, Is
directed through a plurality of spiral vanes located in the filter cap, through a filter
carrier body in the filter assembly, through a center tunnel in the filter body, and
exits through an outlet port on the filter body.

[0048] Variation 10 may include a product as set forth in any of Variations
1-9 wherein the filter assembly comprises: a filter carrier comprising a hollow
pbody including at least one slot, a first end constructed and arranged to mate
with the filter cap, a second end constructed and arranged to mate with a filter
body, and a lip which extends radially from the hollow body adjacent the first
end, and a filter element which extends around the hollow body of the filter
carrier, and wherein the filter element includes a barrier element which Is
attached to at least one of a bottom surface or a top surface of the filter carrier.
[0049] Variation 11 may include a product as set forth in any of Variations
1-10 wherein the filter cap comprises a cap structure, wherein the cap structure
comprises a top component, a body component, and a plurality of spiral vanes
which extend downward from the top component, wherein the body component
comprises a first end and a second end, wherein the second end comprises a
locking feature which extends radially from the perimeter of the second end and
IS constructed and arranged to lock together with the filter body; and an inlet port
which extends upward from the top component.

10
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[0050] Variation 12 may include a product as set forth in any of Variations
1-11 wherein the filter cap is constructed and arranged to house an O-ring.
[0051] Variation 13 may include a product as set forth in any of Variations
1-12 wherein the filter body comprises a cup component having a first end and a
second end, and wherein a lip extends radially from the first end and includes at
least one locking feature which is constructed and arranged to lock together with
the filter cap; a center tunnel which extends inside the cup component having a
first end and a second end, wherein the first end is constructed and arranged to
mate with a filter carrier; at least one contamination collection chamber
iInterposed between the cup component and the center tunnel; and an outlet port.
[0052] Variation 14 may include a product as set forth in any of Variations
1-13 further comprising a fuel system, and wherein the dump-able filter Is
operatively connected to the fuel system.

[0053] Variation 15 may include a product as set forth in Variation 14
wherein the dump-able filter functions as a part of the path for fuel tank air to be
released to the atmosphere during refueling.

[0054] Variation 16 may include a product comprising a dump-able dust
filter for a fuel system comprising: a filter body; a filter assembly, wherein at least
a portion of the filter assembly Is interposed inside the filter body; and a filter
cap, wherein the filter cap encloses at least a portion of the filter assembly and
locks with the filter body.

[0055] Variation 17 may include a product as set forth in Variation 16
wherein the dump-able dust filter iIs constructed and arranged to remove
contaminants from an air flow by sending the air flow through an inlet port on the
filter cap, through a plurality of spiral vanes in the filter cap, through a filter
carrier in the filter assembly, through a center tunnel in the filter body, and out an
outlet port on the filter body; and wherein fine contaminants adhere to the filter
assembly, and wherein course contaminants drop out of the flow path into at
least one contaminant collection chamber in the filter body.

[0056] Variation 18 may include a product as set forth in any of Variations
16-17 further comprising an O-ring interposed between the filter cap and the filter
body.

11
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[0057] Variation 19 may include a method comprising: providing a dump-
able dust filter for a fuel system comprising: providing a filter assembly inside of
a filter body and a filter cap; rotating the filter cap in a first direction to lock the
filter cap onto the filter body; rotating the filter cap in a second direction to unlock
the filter cap from the filter body; removing contaminants from the dump-able
dust filter; and replacing the filter cap back onto the filter body and rotating the
filter cap in a first direction to lock the filter cap onto the filter body.
[0058] Variation 20 may include a method comprising: providing a dump-
able dust filter for a fuel system comprising: providing a first filter assembly
iInside of a filter body and a filter cap; rotating the filter cap in a first direction to
lock the filter cap onto the filter body; rotating the filter cap in a second direction
to unlock the filter cap from the filter body; removing the first filter assembly from
the filter body; providing a second filter assembly inside of the filter body; and
replacing the filter cap back onto the filter body and rotating the filter cap in the
first direction to lock the filter cap onto the filter body.
[0059] As discussed above in connection with FIG. 11 in a number of
variations during refueling of a venhicle, the air flow within filter assembly 20 may
be reversed while fuel is entering into the vehicle tank 116. As filter element 38
becomes soiled with contaminants, pressure may build within the hollow portions
of filter carrier 24. Left unchecked, this pressure may build up and may cause a
pressure sensor integrated into fuel filling equipment to prematurely cut off the
flow of fuel into the vehicle. The premature shutoff of fuel may present an
annoying user experience, particularly if it occurs early in a fuel filling cycle.
[0060] With the foregoing in mind in additional variations filter assembly
20 or, more particularly, filter carrier 24 may include a pressure relief valve.
Such valve may regulate the pressure within the hollow portion(s) of filter carrier
24 may act as a flow passage for air, e.g., in an air backflow condition that may
occur during refueling of a vehicle. As will be appreciated use of such a
pressure relief valve may limit or prevent premature shut off of fuel flow, e.qg., by
extending the amount of time required for sufficient pressure to build in the
hollow portions of filter carrier 24 before an overpressure condition is detected by
a pressure sensor in fuel filling equipment. This may limit and potentially prevent
fuel filling equipment from triggering a premature shutoff in fuel flow, even when
12
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filter element 24 is soiled. In this regard reference is made to FIGS. 12 and 13,
which depict perspective and cross sectional views of an alternative filter carrier
consistent with the present disclosure. As shown filter carrier 24" includes many
of the same elements as filter carrier 24. Such The nature and function of such
common elements is the same as those previously described in connection with
FIGS. 1-11, and therefore a description of such elements is not reiterated here
for the sake of brevity. As further shown in FIGS. 12 and 13 however, filter
carrier 24’ further includes a pressure relief valve (not separately labeled) that
iIncludes valve body 201, valve seat 210, biasing member 220, and vent(s) 240.
Filter carrier 24" also defines an air passage comprising an opening (e.g., inlet)
230 and one or more outlets e.g., one or more first outlets (e.g. slots 32) to be
fluidly coupled to a filter, and one or more second outlets (e.g., an opening
defined by or proximate to valve seat 210) in fluid communication with the
pressure relief valve.

[0061] Valve body 201 includes a sealing surface 202, as best shown in
FIG. 13. When the pressure relief valve is in a closed condition, biasing member
may apply a biasing force to valve 201 which may urge at least a portion of
sealing surface 201 against valve seat 210. In this condition valve seat 210 and
sealing surface 202 may sealingly engage so as to prevent or substantially
prevent the passage of air, dust and/or debris. The biasing force may also urge
at least a portion of valve 201 past vents 240, such that the seal between sealing
surface 201 and valve seat 210 is upstream of vents 240. In this condition valve
body may fully or partially block the flow of air dust and/or debris through vents
240. As will be further described later, when pressure within the hollow region of
filter carrier 24. It may also be appreciated that in the illustrated embodiment,
valve 201 is in the form of a poppet or poppet valve, though of course any
suitable valve configuration may be used in the context of the present disclosure.
[0062] In various FIGS. sealing surface 202 is illustrated as having a
generally convex geometry that may engage and seal with one or more portions
of valve seat 210, which may be understood to extend around an inner
circumference of a hollow region of body 24 of filter carrier 24'. It should be
understood that the illustrated geometry and configuration of sealing surface 210
and valve seat 210 are for the sake of example only, and that such components

13



CA 02952840 2016-12-16

WO 2015/195929 PCT/US2015/036449

may have any suitable geometry so long as they may be reversibly engaged to
seal and unseal consistent with the present disclosure.
[0063] By way of example, valve 201 may be configured with a sealing
surface 202 having a generally cylindrical or ellipsoidal profile that may sealingly
engage with at least a portion of valve seat 210, which may have a
corresponding generally cylindrical or ellipsoidal profile. Sealing of sealing
surface 202 and valve seat 210 may also be facilitated by one or more sealing
members, such as a sealing ring (O-ring — not separately illustrated) which may
be disposed on or about valve seat 210 and/or a sealing surface 202. In such
iInstances valve seat 210 may be In the form of one of more circumferentially
extending projections that extend from an inner surface of a hollow portion of
filter carrier 24"
[0064] Although portions of valve seat 210 may project at an acute angle
inwards towards valve body 201 as shown in FIG. 13, such configuration is not
required. For example, valve seat 210 may include projections that extend
substantially perpendicular to an inner wall of a hollow region of filter carrier 24 .
In such configuration the projections of valve seat 210 may include at least one
wall extending substantially perpendicular to an inner wall of filter carrier 24",
Such wall may be configured to sealingly engage a corresponding portion of
valve body 201. By way of example at least the periphery of valve body 201
may Iinclude a region extending substantially perpendicular to an inner wall of
filter carrier 24°, e.g., at an angle that matches or is complementary to that of the
projections of valve seat 210. In some embodiments, the projections of valve
seat 210 and the region of valve body 201 may each extend substantially
perpendicular to an inner wall of a hollow region of filter carrier 24".
[0065] As noted previously biasing member 220 is generally configured to
apply a biasing force to valve body 201. In general the biasing force may be set
or otherwise configured to urge valve body 201 against valve seat 210 to form a
seal, thereby preventing or substantially preventing the flow of air, dust and
debris through the pressure relief valve. As may be appreciated such seal may
be maintained so long as the pressure (backpressure) on the opposite side of
valve body 201 (e.g., within a hollow region of filter carrier 24’) does not exceed
the biasing force applied by biasing member 220. When the backpressure
14
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exceeds the biasing force applied by biasing member 220, valve body 201 may
be urged by the backpressure laterally within the first end 28 of filter carrier 24/,
away from valve seat 210 and towards biasing member 220. With sufficient
backpressure, valve body 240 may be forced past vents 240, as best shown In
FIG. 14F. In this condition, air, dust and debris may pass through vents 240,
thereby relieving pressure within the hollow regions of filter carrier 24°.

[0066] As noted above one purpose of the pressure relief valves
described herein is to extend the amount of time before an overpressure
condition Iis sensed by fuel filling equipment and thus limit or prevent the
occurrence of premature fuel shutoffs. In this regard it may be understood that
fuel filling equipment may be configured with a pressure sensor that may monitor
the pressure within the fuel system of a vehicle during refueling and trigger a fuel
shutoff when the monitored pressure exceeds a pressure threshold.

[0067] With this in mind in some embodiments the biasing force applied
by biasing member 220 to valve body 201 may be configured such that it is less
than the pressure threshold that will cause fuel filling equipment to trigger a
shutoff of the flow of fuel. In such instances the pressure within filter carrier 24
needed to open the pressure relief valve (i.e., by forcing the movement of valve
body 201 against biasing member 220) will be less than the threshold pressure
that will trigger a fuel shutoff by fuel filling equipment. Opening of the pressure
relief valve may lower the pressure within filter carrier 24" even further below the
pressure threshold. In instances where opening of pressure relief valve 24
prevents the further buildup of pressure within filter carrier 24°, the pressure relief
valve may prevent the occurrence of premature fuel shutoffs attributable to the
use of filter element 38 and/or filter carrier 24'. In instances where pressure may
continue to build despite opening of pressure the relief valve the time required
for pressure within filter carrier 24’ to exceed the threshold pressure may be
extended, thus extending the amount of time before fuel filling equipment will
trigger a shutoff of the flow of fuel.,

[0068] For the sake of illustration biasing member 220 is illustrated in
various of the FIGs in the form of a spring that may be sized to fit within the first
end 28 of filter carrier 24°. Although a spring may be preferably used as biasing
member 220 the use of a spring Is not required. Indeed biasing member 220
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may have any form that is suitable to enable the reversible sealing and unsealing
of valve body 201 and valve seat 210 as generally described above. For
example in some embodiment biasing member 220 may be in the form of a
crimped wire (e.g., of shape memory alloy, metal, polymer or the like),
Alternatively biasing member may be in the form of a hydraulic or pneumatic
piston, I.e., which may apply a biasing force to valve body 201 corresponding to
a pressure applied by a hydraulic fluid or gas.

[0069] As best shown in FIG. 12, vents 240 may be in the form of one or
more openings within the first end 28 of filter carrier 24'. For the sake of
llustration vents 240 are illustrated as generally rectangular openings that are
formed at the junction of lip 36 and first end 28 of filter carrier 24°. It should be
understood that the number, placement and configuration of vents 240 is for the
sake of example only, that any number of vents 240 may be used, and that vents
240 may be placed in any suitable fashion and have any suitable profile. In
some embodiments vents 240 are sufficiently large to prevent or substantially
prevent the buildup of pressure within a hollow region of filter carrier 24" when
the pressure relief valve Is Iin a partially or fully open condition. In other
embodiments vents 240 are sized so as to relieve pressure within the hollow
region of filter carrier 240 but not so large as to prevent the buildup of pressure.
In such instances vents 240 may be understood to be configured to extend the
amount of time before the pressure within the hollow region of filter carrier 240
exceeds a pressure threshold that will trigger a fuel shutoff by fuel filling
equipment, as discussed above.

[0070] For the sake of illustration the present disclosure will now proceed
to describe the operation of pressure relief valves consistent with some
embodiments of the present disclosure, aided by the illustrations shown in FIGS.
14A-14F. Each of FIGS. 14A-14F is a cross-sectional diagram of a filter 20°
configured with a filter carrier 24’ that includes a pressure relief valve consistent
with the present disclosure.

[0071] FIGS. 14A and B depict a filter 20’ as it is used in a purge air flow
condition. In such condition fresh air may enter filter 20" through inlet port 104.
The resulting air flow 260 may flow within filter cap 82 and around lip 36. Air flow
260 may then pass through filter element 38, at which time dust and other debris
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may be trapped within filter element 38. Airflow 260 may then pass into a hollow
region of filter carrier 24°, e.g., via slots 32. Air flow 260 may then flow within the
hollow region to outlet port 78 of filter 20, as illustrated in FIG. 14A. In this
condition, biasing member 220 may apply biasing force to urge valve body 201
against valve seat 210, so as to form a seal. As the backpressure within the
hollow region of filter carrier 24’ is less than the biasing force applied by biasing
member 220 the seal between valve body 201 and valve seat 210 may be
maintained In this condition, thus preventing air flow 260 from passing through
vents 240.
[0072] As noted above during refuel of a vehicle the air flow within filter
20" may be reversed. This concept is illustrated in FIGS. 14C-14F. As shown in
such FIGS., during reflow an air flow 270 may enter into outlet port 78 of filter 20°
and enter into a hollow region of filter carrier 24°. As a result of this air flow, back
pressure may build within the hollow region of filter carrier 24. When filter
element 38 Is relatively clean, the backpressure may force air flow 270 through
filter element 38 without forcing the pressure relief valve open. That is when
filter element 38 is relatively clean air flow 270 may pass through filter element
38 when the backpressure within the hollow region of carrier 24° does not
exceed the biasing force applied by biasing member 220 against valve seat 201,
as best shown in FIGS. 14 C and D.
[0073] Turning now to FIGS. 14E and F, over time filter element 38 may
become soiled with particulates and other contaminants. This concept is shown
in FIGS. 14E and 14F, which depict the use of soiled filter element 38". As will
be appreciated, soiled filter element 38 may present greater resistance to air
flow 270 than filter element 38. Due to this increased resistance, backpressure
within the hollow region of filter carrier 24 may build to the point that it exceeds
the biasing force applied by biasing member 220 against valve body 201.
[0074] As noted above unless the backpressure in the hollow region of
filter carrier 24 in this condition is relieved, it may continue to build until it
exceeds a threshold pressure that will cause fuel filling equipment to shut off the
flow of fuel. With this in mind when the backpressure exceeds the biasing force
applied by biasing member 220, the backpressure may force valve body 201 to
move laterally towards biasing member 220 and expose vents 240. At least a
17
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portion of air flow 270 may then pass through vents 240 and out inlet port 104,
as illustrated in FIGS. 14E and F. The passage of air flow 270 through vents
240 may relieve and/or prevent further buildup of the backpressure in the hollow
region of filter carrier 24’. Once the backpressure drops below the biasing force
applied by biasing member 220, valve body 201 may again be urged against and
seal with valve seal 201.

[0075] The following description of additional variants is only illustrative of
components, elements, acts, products, and methods considered to be within the
scope of the invention and are not in any way intended to limit such scope by
what is specifically disclosed or not expressly set forth. The components of the
additional variation set forth below may be combined and rearranged other than
as expressly described herein, in which case the combination of such
components is still within the scope of the present disclosure.

[0076] Variation 1° — This variation may include a filter comprising: a filter
body; a filter assembly seated in the filter body; and a filter cap attached to the
filter body and enclosing at least a portion of the filter assembly wherein the filter
assembly comprises a filter carrier, the filter carrier comprising:

a hollow body; a first end constructed and arranged to mate with the filter cap;

a second end constructed and arranged to mate with a filter body;

a filter element which extends around the hollow body of the filter carrier; and a
pressure relief valve formed at least in part in the first end, the pressure relief
valve configured to relieve pressure in a hollow region of said filter carrier when
a threshold pressure is exceeded.

[0077] Variation 2° - This variation includes any or all of the elements of
variation 1°, wherein said filter element comprises a valve seat, a valve body, a
biasing member and a vent, the biasing member configured to apply a biasing
force to urge said valve body against said valve seat and to block a flow of air
through said vent when said backpressure in said hollow region of said filter
carrier is less than said biasing force.

[0078] Variation 3’ — This variation includes any or all of the elements of
variation 1°, wherein said filter element comprises a valve seat, a valve body, a
biasing member and a vent, the biasing member configured to apply a biasing
force to urge said valve body against said valve seat and to block a flow of air
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through said vent when said backpressure in said hollow region of said filter
carrier is less than said biasing force.

[0079] Variation 4° - This variation includes any or all of the elements of
variation 2', wherein said biasing force is less than said threshold pressure.
[0080] Variation 5’ - This variation includes any or all of the elements of
variation 2, wherein said vent is configured to maintain the backpressure below
said threshold pressure.

[0081] Variation 6’ - This variation includes any or all of the elements of
variation 2', wherein said vent Is configured to slow a buildup of said
backpressure and extend a period of time for said backpressure to exceed said
threshold pressure.

[0082] Variation 1 — According to this variation there is provided a filter
carrier comprising a filter carrier body and a pressure relief valve, wherein: the
filter carrier body is configured to couple with a filter, the filter carrier body
defining an air passage comprising an inlet, a first outlet to be fluidly coupled
with said filter, and a second outlet in fluid communication with said pressure
relief valve; said pressure relief valve Is configured to remain closed when a
pressure within said air passage Is less than or equal to a first threshold
pressure, thereby substantially obstructing said second outlet; and said pressure
relief value is configured to open when the pressure within said air passage
exceeds said first threshold pressure, thereby opening said second outlet.

[0083] Variation 2~ This variation includes any or all of the elements of
variation 1, wherein said first threshold pressure is less than a second threshold
pressure, the second threshold pressure being a pressure that will trigger an
automatic shut-off of fuel filling equipment.

[0084] Variation 3" — This variation includes any or all of the elements of
variation 1, wherein said first outlet comprises one or more slots in said filter
carrier body.

[0085] Variation 4 - This variation includes any or all of the elements of
variation 17, said second outlet comprises a valve seat; said pressure relief valve
comprises a valve body and a biasing member; said biasing member Is
configured to apply a biasing force to said valve body so as to bias the valve
body in a direction of said valve seat; when the pressure in said air passage Is
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less than or equal to said first threshold pressure, said biasing force urges a
sealing surface of said valve body against said valve seat, such that said
pressure relief valve is in a closed condition; and when the pressure in said air
passage Is greater than said first threshold pressure, said sealing surface Is
displaced away from said valve seat, such that said pressure relief valve is in an
open position.
[0086] Variation 5 - This variation includes any or all of the elements of
variation 17, and further comprises further comprising a vent downstream of said
valve body, wherein: in said closed position, said vent is obstructed by at least a
portion of said valve body; in said open position, at least a portion of said vent Is
exposed such that said vent is in fluid communication with said second outlet.
[0087] Variation 6" - This variation includes any or all of the elements of
variation 4", wherein said sealing surface has a geometry selected from the
group consisting of a generally convex geometry, a cylindrical geometry, and an
ellipsoidal geometry.
[0088] Variation 7°° — This variation includes any or all of the elements of
variation 4°, wherein said valve seat comprises one or more projections that
project towards said valve body to sealingly engage with said sealing surface in
said closed position.
[0089] Variation 8 - This variation includes any or all of the elements of
variation 47, wherein Iin said open position, said pressure relief valve
substantially prevents further buildup of pressure within said air passage.
[0090] Variation 9” - This variation includes any or all of the elements of
variation 4, wherein: said first threshold pressure is less than a second
threshold pressure, the second threshold pressure being a pressure that will
trigger an automatic shut-off of fuel filling equipment; and in said open position,
said pressure relief valve provides a time interval during which the pressure In
said air passage exceeds said first threshold pressure but is less than said
second threshold pressure.
[0091] Variation 10" - This variation includes any or all of the elements
of variation 4”7, wherein said biasing member is selected from the group
consisting of a spring, a crimped wire, a hydraulic piston, and a pneumatic
piston.
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[0092] Variation 11°° - This variation includes any or all of the elements of

variation 10, wherein said biasing member is a spring.

[0093] Variation 12”° - This variation includes any or all of the elements

of variation 17, wherein said first outlet comprises at least one slot formed Iin a

wall of said filter carrier body.

[0094] Variation 13> - This variation includes any or all of the elements

of variation 12", wherein: said filter carrier body comprises a outer surface; and

said outer surface is configured to releasably engage with said filter.

[0095] Variation 14” - This variation includes any or all of the features of

variation 17, wherein the filter carrier further comprises a first end and a second

end, wherein the pressure relief vale is disposed within said first end.

[0096] Variation 15 - This variation includes any or all of the features of

variation 14", wherein the first end of the filter carrier is configured to engage a

filter cap.

[0097] Variation 16" - This variation includes any or all of the elements

of variation 57, wherein the filter carrier further comprises a first end and a

second end, and wherein: said pressure relief valve is disposed within said first

end such that at least a portion of the first end surrounds at least a portion of

said valve body; and said first end comprises said vent.

[0098] Variation 17" - This variation includes any or all of the elements

of variation 16", wherein said first end comprises a tapered section.

[0099] Variation 18 - This variation includes any or all of the elements

of variation 16, and further comprises a lip extending radially from the filter

carrier body.

[00100] Variation 19 - This variation includes any or all of the elements

of variation 18", wherein said vent is formed proximate a junction between said

lip and said filter carrier body.

[00101] Variation 20" — This variation includes any or all of the elements of

variation 16", wherein said vent extends at least partially about a circumference

of an outer surface of said first end.

[00102] The above description of select variations within the scope of the

invention i1s merely illustrative in nature and, thus, variations or variants thereof

are not to be regarded as a departure from the spirit and scope of the invention.
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CLAIMS

What is claimed is:
1. A filter carrier comprising a filter carrier body and a pressure relief valve,
wherein:

the filter carrier body is configured to couple with a filter, the filter carrier
body defining an air passage comprising an inlet, a first outlet to be fluidly
coupled with said filter, and a second outlet in fluid communication with said
pressure relief valve;

said pressure relief valve is configured to remain closed when a pressure
within said air passage is less than or equal to a first threshold pressure, thereby
substantially obstructing said second outlet; and

said pressure relief value Is configured to open when the pressure within
said air passage exceeds said first threshold pressure, thereby opening said
second outlet.

2. The filter carrier of claim 1, wherein said first threshold pressure is less
than a second threshold pressure, the second threshold pressure being a
pressure that will trigger an automatic shut-off of fuel filling equipment.

3. The filter carrier of claim 1, wherein said first outlet comprises one or
more slots in said filter carrier body.

4. The filter carrier of claim 1, wherein:

said second outlet comprises a valve seat;

said pressure relief valve comprises a valve body and a biasing member;

said biasing member is configured to apply a biasing force to said valve
body so as to bias the valve body in a direction of said valve seat;

when the pressure in said air passage is less than or equal to said first
threshold pressure, said biasing force urges a sealing surface of said valve body
against said valve seat, such that said pressure relief valve is in a closed

condition:; and
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when the pressure Iin said air passage Is greater than said first threshold
pressure, said sealing surface is displaced away from said valve seat, such that
said pressure relief valve is in an open position.

5. The filter carrier of claim 1, further comprising a vent downstream of said
valve body, wherein:

INn said closed position, said vent is obstructed by at least a portion of said
valve body;

In said open position, at least a portion of said vent is exposed such that
said vent is in fluid communication with said second outlet.

6. The filter carrier of claim 4, wherein said sealing surface has a geometry
selected from the group consisting of a generally convex geometry, a cylindrical
geometry, and an ellipsoidal geometry.

/. The filter carrier of claim 4, wherein said valve seat comprises one or
more projections that project towards said valve body to sealingly engage with
said sealing surface in said closed position.

8. The filter carrier of claim 4, wherein in said open position, said pressure
relief valve substantially prevents further buildup of pressure within said air

passage.

Q. The filter carrier of claim 4, wherein:

said first threshold pressure is less than a second threshold pressure, the
second threshold pressure being a pressure that will trigger an automatic shut-
off of fuel filling equipment; and

In said open position, said pressure relief valve provides a time interval
during which the pressure in said air passage exceeds said first threshold
pressure but is less than said second threshold pressure.
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10.  The filter carrier of claim 4, wherein said biasing member is selected from
the group consisting of a spring, a crimped wire, a hydraulic piston, and a
pneumatic piston.

11.  The filter carrier of claim 10, wherein said biasing member is a spring.

12.  The filter carrier of claim 1 wherein said first outlet comprises at least one
slot formed in a wall of said filter carrier body.

13.  The filter carrier of claim 12, wherein:
said filter carrier body comprises a outer surface; and
said outer surface is configured to releasably engage with said filter.

14.  The filter carrier of claim 1, further comprising a first end and a second
end, wherein said pressure relief valve Is disposed within said first end.

15.  The filter carrier of claim 14, wherein the first end of the filter carrier Is
configured to engage a filter cap.

16.  The filter carrier of claim 5, further comprising a first end and a second
end, wherein:
said pressure relief valve Is disposed within said first end such that at
least a portion of the first end surrounds at least a portion of said valve body; and
said first end comprises said vent.

17.  The filter carrier of claim 16, wherein said first end comprises a tapered

section.

18.  The filter carrier of claim 16, further comprising a lip extending radially
from the filter carrier body.
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19.  The filter carrier of claim 18, wherein said vent is formed proximate a
junction between said lip and said filter carrier body.

20.  The filter carrier of claim 16, wherein said vent extends at least partially

about a circumference of an outer surface of said first end.
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