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FILTRATION SEALING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and benefit of U.S. Provisional Patent
Application No. 62/472,170, filed March 16, 2017 and entitled “Filtration Sealing System,” the

entire disclosure of which is incorporated herein by reference.
TECHNICAL FIELD
[0002] The present application relates to filtration systems.
BACKGROUND

[0003] Internal combustion engines generally combust a mixture of fuel (e.g., gasoline,
diesel, natural gas, etc.) and air. Prior to entering the engine, the intake air is typically passed
through a filtration system to remove contaminants (e.g., dust, water, oil, etc.) from the intake
air. The filtration system includes a filter element having filter media. As the air passes
through the filter media of the filter element, the filter media removes at least a portion of the
contaminants in the air thereby preventing unwanted contaminants from entering the internal
combustion engine.

[0004] The filter elements often include a seal member that is compressed against a
component of the filtration system housing, between two components of the filtration system,
or a combination thereof. The seal member forms a seal between the filtration system housing
and the filter element thereby eliminating the ability of fluid to bypass the filter element (e.g.,
for air to bypass an air filter element). If an improper filter element (i.e., a non-authorized or
non-genuine filter element) is installed in a filtration system, the seal member of the filter
element may not form a proper seal, and fluid may bypass the filter element causing damage to

downstream components.
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SUMMARY

[0005] Various example embodiments relate to filter elements and filtration systems having
matching axially contoured (i.e., non-planar) seal members and sealing surfaces. One example
embodiment relates to a filtration system. The filtration system comprises a housing defining a
central compartment and an outlet and comprising a housing sealing surface having a first non-
planar surface. The filtration system further comprises a cover removably coupled to the
housing, the cover defining an inlet and comprising a cover sealing surface having a second
non-planar surface. The filtration system comprises a filter element comprising filter media
and a seal member. The filter element is removably received in the central compartment. The
seal member comprises a complimentary non-planar sealing surface that matches the first non-
planar surface and the second non-planar surface. The seal member is axially pinched between
the housing and the cover by the housing sealing surface and the cover sealing surface to form
a first seal between the seal member and the housing and a second seal between the seal
member and the cover.

[0006] Another example embodiment relates to a filter element removably receivable within
a central compartment of a housing. The filter element comprises a filter media and a seal
member. The seal member comprises a complimentary non-planar sealing surface that matches
(a) a first non-planar surface of a housing sealing surface of the housing and (b) a second non-
planar surface of a cover sealing surface of a cover that is removably coupleable to the housing.
When the filter element, the housing, and the cover are in a fully assembled state, the seal
member is axially pinched between the housing and the cover by the housing sealing surface
and the cover sealing surface to form a first seal between the seal member and the housing and
a second seal between the seal member and the cover.

[0007] Still another example embodiment relates to a method comprising providing a housing
defining a central compartment and an outlet. The housing comprises a housing sealing surface
having a first non-planar surface. A cover defining an inlet and comprising a cover sealing
surface having a second non-planar surface is provided. A filter media of a filter element is
positioned in the central compartment. The filter element also comprises a seal member. The

seal member comprises a complimentary non-planar sealing surface that matches the first non-
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planar surface and the second non-planar surface. The cover is coupled to the housing such
that the seal member is axially pinched between the housing and the cover by the housing
sealing surface and the cover sealing surface, so as to form a first seal between the seal member

and the housing and a second seal between the seal member and the cover.

[0008] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in
conjunction with the accompanying drawings, wherein like elements have like numerals

throughout the several drawings described below.
BRIEF DESCRIPTION OF THE FIGURES

[0009] FIG. 1 shows a perspective view of a filtration system according to an example

embodiment.

[0010] FIG. 2 shows a perspective view of the filtration system of FIG. 1 with the cover

partially removed.
[0011] FIG. 3 shows an exploded view of the filtration system of FIG. 1.
[0012] FIG. 4 shows a perspective view of a filter element of the filtration system of FIG. 1.

[0013] FIG. 5 shows a perspective view of the filter element of FIG. 4 being installed in the
filtration system of FIG. 1.

[0014] FIG. 6 shows a perspective view of the filter element of FIG. 4 fully seated in the
filtration system of FIG. 1.

[0015] FIG. 7 shows a cross-sectional view of a planar seal area of the filtration system of

FIG. 1.

[0016] FIG. 8 shows a cross-sectional view of a contoured (i.e., non-planar) seal area of the

filtration system of FIG. 1.
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[0017] FIG. 9 shows a cross-sectional view of the sealing area of the filtration system of FIG.

1.

[0018] FIG. 10 shows an exploded view of a filtration systems, according to another

embodiment.

[0019] FIG. 11 shows a cross-sectional view of the sealing area of the filtration system of

FIG. 10 with a cover of the filtration system removed from a housing of the filtration system.

[0020] FIG. 12 shows a perspective view of a filter element of the filtration system of FIG.
10.

[0021] FIG. 13 is a schematic flow diagram of an example method for providing a filtration

system.
DETAILED DESCRIPTION

[0022] Referring to the figures generally, a filtration system having both planar and non-
planar portions (i.e., non-planar, arched, contoured, comprised of multiple intersecting planar
sub-portions, etc.) sealing areas between the filtration system housing and the installed filter

element is described.

[0023] Referring to FIGS. 1 through 3, various perspective views of a filtration system 100
are shown according to an example embodiment. FIG. 1 shows the filtration system 100 in a
fully assembled state. FIG. 2 shows the filtration system 100 in a partially disassembled state.
FIG. 3 shows the filtration system 100 in a fully disassembled state. The filtration system 100
generally includes a housing 102, a cover 104 removably coupled to the housing 102, and a
filter element 106 installed in the filtration system 100. The housing 102 includes an outlet
108. The cover 104 includes an inlet 110. The housing 102 generally defines a central
compartment configured to receive the filter element 106. When the filtration system 100 is
fully assembled (e.g., as shown in FIG. 1), fluid to be filtered (e.g., air) flows into the inlet 110,
through the filter element 106, and out the outlet 108. The outlet 108 may be in fluid

communication with a downstream component, such as an internal combustion engine.

4
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[0024] A perspective view of the filter element 106 is shown in FIG. 4. The filter element
106 comprises filter media 112 and a seal member 114. The filter media 112 may be, for
example, pleated filter media arranged in a panel or pleat block. Although shown as being
generally rectangular in shape, the filter element 106 may be arranged in other shapes, such as a

cylinder, an oval, or the like.

[0025] The seal member 114 is comprised of and attached to the filter media 112 with an
adhesive, such as polyurethane. In some arrangements, the seal member 114 includes an
embedded frame member or stiffening member to help maintain the shape of the seal member
114. In further or additional arrangements, the seal member 114 is connected to the filter
media 112 through an intermediate frame member, such as a circumferential support. As
described in further detail below, the seal member 114 generally includes both planar portions
and non-planar portions (i.e., curved, arched, contoured, portions comprised of multiple
intersecting sub-portions, etc.) portions configured to interact with matching planar and curved
surfaces of the housing 102 and the cover 104. The seal member 114 is an axial seal member
configured to form a seal with the housing 102 and the cover 104 such that fluid being filtered
through the filtration system 100 cannot bypass the filter element 106.

[0026] FIGS. 5 and 6 show the filter element 106 being installed (i.e., seated) into the
housing 102. FIGS. 7, 8, and 9 show the filter element 106 fully installed in the filtration
system 100 such that the seal member 114 is compressed between the housing 102 and the
cover 104. As shown in FIG. 5, the filter media 112 of the filter element 106 is inserted into
the central compartment of the housing 102. The housing 102 includes a housing sealing
surface 120. The housing sealing surface 120 includes a planar portion 122 and non-planar
portions 124 on two of four sides of the housing sealing surface 120. In some arrangements,
the non-planar portions 124 are comprised of multiple planar sub-portions arranged at different
angles relative to (e.g., to form a vertex, to form a plateau, etc.). In other arrangements, the
non-planar portions 124 are comprised of a curved portion. In some arrangements, the curved
portions are arched in shape. In such arrangements, the curved portions 124 may be concave
recessed slits. The planar portion 122 and the non-planar portions 124 are sized and shaped to
be complimentary to a corresponding planar portion 126 and non-planar portions 128 of the

5
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seal member 114. The non-planar portions 124 and 128 help align the filter element 106 in the
housing 102 during installation. Since the filter element 106 and the housing 102 have
complimentary sealing surfaces, the filter element 106 can be fully seated (i.e., installed) into
the housing 102. The seal member 114 and the housing sealing surface 120 mesh in a keyed
manner. If a filter element having a totally flat seal member or a seal member having a
different contoured pattern (i.e., a non-approved, a non-genuine, non-authorized, etc.) is
attempted to be installed in the housing 102, the filter element will not be able to be fully seated

into the housing 102 or may not form a proper seal with the housing 102.

[0027] Similarly, as shown in FIGS. 7 and 8, the cover 104 has a cover sealing surface 130.
The cover sealing surface 130 includes a planar portion 132 and non-planar portions 134 on
two of four sides of the cover sealing surface 130. In some arrangements, the non-planar
portions 134 are comprised of multiple planar sub-portions arranged at different angles relative
to each other (e.g., to form a vertex, to form a plateau, etc.). In other arrangements, the non-
planar portions 134 are comprised of a curved portion. The curved portions may be formed by
an extension on the cover 104. In some arrangements, the curved portions are arched in shape.
In such arrangements, the curved portions may be concave recessed slits. The planar portion
132 and the non-planar portions 134 are sized and shaped to be complimentary to a
corresponding planar portion 126 and non-planar portions 128 of the seal member 114. The
non-planar portions 134 and 128 help align the cover 104 with respect to the filter element 106
during installation. Since the filter element 106 and the cover 104 have complimentary sealing
surfaces, the cover 104 can be fully seated against the filter element 106 and secured to the
housing 102 (e.g., via fasteners, clamps, bolts, snap-fit connections, etc.). The seal member
114 and the cover sealing surface 130 mesh in a keyed manner. As shown best in FIG. 8, the
arched portion 128 of the seal member 114 may be supported by an extension portion 136 of

the seal member 114.

[0028] Referring to FIG. 9, a cross-sectional view of the sealing area of the filtration system
100 with the filter element 106 installed is shown. As shown more clearly in FIG. 9, the
contoured portions of the seal member 114 complimentarily interact with the corresponding
contoured portions of the cover 104 and the housing 102 to form seals between the filter

6
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element 106 and the cover 104 and the filter element 106 and the housing 102. A filter element

without the matching contours would not fit in the filtration system 100.

[0029] Although the filter element 106 is shown as having a seal member 114 with four non-
planar portions (two on two opposite sides), it should be understood that any number of non-
planar portions may be used so long as the housing 102 and cover 104 having a matching
number of non-planar portions aligned with the non-planar portions of the seal member 114 so
as to allow the filter element 106 to be installed in the filtration system 100. Additionally, the
non-planar portions may be symmetrical or varying in size across the housing 102, the cover

104, and the seal member 114.

[0030] The above described filtration system 100 allows only an authorized or approved filter
element, such as the filter element 106, to be installed in the filtration system 100. The
authorized filter element 106, the housing 102, and the cover 104 have matching non-planar
sealing surfaces that help orient and stabilize the filter element 106 during installation, provide
improved dimensional stability of the seal member 114, the housing 102, and/or the cover 104,
and provides a one-way-only fit for the filter element 106 in the filtration system 100. The seal
member 114 also has an increased surface area, which results in improved sealing against the

housing 102 and the cover 104.

[0031] FIG. 10 shows a filtration system 200 according to another embodiment in a partially
disassembled state. The filtration system 200 includes a housing 202, a cover 204 removably
coupled to the housing 202, and a filter element 206 installed in the filtration system 200. FIG.
11 shows the cover 204 removed from the housing 202, and the FIG. 12 shows a portion of the
filter element 206.

[0032] The housing 202 includes an outlet 208. The cover 204 includes an inlet 210. The
housing 202 generally defines a central compartment configured to receive the filter element
206. When the filtration system 200 is fully assembled, fluid to be filtered (e.g., air) flows into
the inlet 210, through the filter element 206, and out of the outlet 208. The outlet 208 may be

in fluid communication with a downstream component, such as an internal combustion engine.
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[0033] As shown inin FIG. 12, the filter element 206 comprises filter media 212 and a seal
member 214. The filter media 212 may be, for example, pleated filter media arranged in a
panel or pleat block. Although shown as being generally rectangular in shape, the filter

element 206 may be arranged in other shapes, such as a cylinder, an oval, or the like.

[0034] The seal member 214 is comprised of and attached to the filter media 212 with an
adhesive, such as polyurethane. In some arrangements, the seal member 214 includes an
embedded frame member or stiffening member to help maintain the shape of the seal member
214. In further or additional arrangements, the seal member 214 is connected to the filter

media 212 through an intermediate frame member, such as a circumferential support.

[0035] As described in further detail below, the seal member 214 generally includes both
planar portions and non-planar portions (i.e., curved, arched, contoured, portions comprised of
multiple intersecting sub-portions, etc.) portions configured to interact with matching planar
and curved surfaces of the housing 202 and the cover 204. The seal member 214 may be an
axial seal member configured to form a seal with the housing 202 and the cover 204 such that

fluid being filtered through the filtration system 200 cannot bypass the filter element 206.

[0036] The filter element 206 may be substantially similar in structure and function to the
filter element 106 apart from the following difference. The filter element 206 also comprises a
plurality of handles 216 extending axially from an end of the filter element 206 towards the
cover 204. In some embodiments, the plurality of handles 216 may be coupled to the seal
member 214 or monolithically formed therewith (e.g., molded with the seal member 214). In
other embodiments, the plurality of handles 216 may be coupled to the intermediate frame
member or any other support structure of the filter element 206. The plurality of handles 216
may facilitate insertion and/or removal of the filter element 206 from the central compartment

of the housing 202.

[0037] The filter media 212 of the filter element 206 is inserted into the central compartment
of the housing 202. The housing 202 includes a housing sealing surface 220 including a planar
portion 222 and non-planar portions 224 on two of four sides of the housing sealing surface

120. The planar portion 222 and the non-planar portions 224 are sized and shaped to be
8
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complimentary to a corresponding planar portion 226 and non-planar portions 228 of the seal
member 214. The housing 202 may be substantially similar in structure and function to the

housing 102 and therefore not described in further detail herein.

[0038] The cover 204 also has a cover sealing surface including a planar portion and non-
planar portions on two of four sides of the cover sealing surface. The planar portion and the
non-planar portions are sized and shaped to be complimentary to a corresponding planar
portion s226 and non-planar portions 228 of the seal member 214. The cover 204 may be
substantially similar in structure and function to the cover 104 and therefore not described in

further detail herein.

[0039] FIG. 13 is a schematic flow diagram of an example method 300 for providing a
filtration system (e.g., the filtration system 100, 200). The method 300 comprises providing a
housing defining a central compartment and an outlet, and further comprising a housing sealing
surface having a first non-planar surface, at 302. For example, the housing 102, 202 defining
the central compartment and the outlet 108, 208 is provided. The housing 102, 202 comprises
the housing sealing surface 120, 220 having a first non-planar surface that includes planar

portions 222 and non-planar portions 224, as previously described herein.

[0040] At 304, a cover defining an inlet and comprising a cover sealing surface having a
second non-planar surface is provided. For example, the cover 104, 204 defining the inlet 110,
210 and having the cover sealing surface 130 is provided. The cover sealing surface 130

includes the planar portions 132 and non-planar portions 134, as previously described herein.

[0041] At 306, a filter media of a filter element is positioned in the central compartment of
the housing. The filter element also comprises a seal member comprising a complimentary
non-planar sealing surface that matches the first non-planar surface and the second non-planar
surface. For example, the filter media 112, 212 of the filter element 106, 206 is positioned in
the central compartment of the housing 102, 202. The filter element 106, 206 also comprises
the seal member 114, 214 having the complimentary non-planar sealing surface that includes

planar portions 226 and non-planar portions 228 generally corresponding to the planar portions
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122, 222, 132 and non-planar portions 124, 224, 134 of the housing 102 and the cover 104,

respectively.

[0042] At 308, the cover is coupled to the outlet of the housing such that the seal member is
axially pinched between the housing and the cover by the housing sealing surface and the cover
sealing surface so as to form a first seal between the seal member and the housing and a second
seal between the seal member and the cover. For example, the cover 104, 204 is coupled to the
housing 102, 202 such that the seal member 114, 214 is pinched between the housing 102, 202
and the cover 104, 204 by the housing sealing surface 120, 220 and the cover sealing surface

130, as previously described herein.

[0043] It should be noted that any use of the term “example” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0044] The terms “coupled” and the like as used herein mean the joining of two members
directly or indirectly to one another. Such joining may be stationary (e.g., permanent) or
moveable (e.g., removable or releasable). Such joining may be achieved with the two members
or the two members and any additional intermediate members being integrally formed as a
single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.

2%

[0045] References herein to the positions of elements (e.g., “top,” “bottom,” “above,”
“below,” etc.) are merely used to describe the orientation of various elements in the FIGURES.
It should be noted that the orientation of various elements may differ according to other
example embodiments, and that such variations are intended to be encompassed by the present

disclosure.

[0046] It is important to note that the construction and arrangement of the various example
embodiments are illustrative only. Although only a few embodiments have been described in

detail in this disclosure, those skilled in the art who review this disclosure will readily

10
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appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. For example, elements
shown as integrally formed may be constructed of multiple parts or elements, the position of
elements may be reversed or otherwise varied, and the nature or number of discrete elements or
positions may be altered or varied. The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodiments. Additionally, features from
particular embodiments may be combined with features from other embodiments as would be
understood by one of ordinary skill in the art. Other substitutions, modifications, changes and
omissions may also be made in the design, operating conditions and arrangement of the various

example embodiments without departing from the scope of the present invention.

11
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WHAT IS CLAIMED IS:

1. A filtration system comprising:

a housing defining a central compartment and an outlet and comprising a housing
sealing surface having a first non-planar surface;

a cover removably coupled to the housing, the cover defining an inlet and comprising a
cover sealing surface having a second non-planar surface; and

a filter element comprising filter media and a seal member, the filter element removably
received in the central compartment, the seal member comprising a complimentary non-planar
sealing surface that matches the first non-planar surface and the second non-planar surface, the
seal member axially pinched between the housing and the cover by the housing sealing surface
and the cover sealing surface to form a first seal between the seal member and the housing and

a second seal between the seal member and the cover.

2. The filtration system of claim 1, wherein each of the first non-planar surface and the

second non-planar surface comprise a planar portion and a non-planar portion.

3. The filtration system of claim 2, wherein the planar portion and the non-planar portion
are defined on at least two of four sides of the first non-planar surface and the second non-

planar surface.
4. The filtration system of claim 2, wherein each of the first non-planar surface and the
second non-planar surface comprise a plurality of non-planar portions positioned symmetrically

across the first non-planar surface and the second non-planar surface.

5. The filtration system of claim 2, wherein the non-planar portion comprises an arched

surface.

12
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6. The filtration system of claim 5, wherein the non-planar portion comprises a concave

recessed slit.

7. The filtration system of claim 2, wherein the non-planar portion comprises a curved
surface.
8. The filtration system of claim 2, wherein the non-planar portion comprises a plurality of

intersecting planar sub-sections.

0. The filtration system of claim 1, wherein the filter element further comprises at least

one handle extending axially from an end of the filter element towards the cover.

10. A filter element removably receivable within a central compartment of a housing,
comprising:

filter media; and

a seal member, the seal member comprising a complimentary non-planar sealing surface
that matches (a) a first non-planar surface of a housing sealing surface of the housing and (b) a
second non-planar surface of a cover sealing surface of a cover that is removably coupleable to
the housing,

wherein, when the filter element, the housing, and the cover are in a fully assembled
state, the seal member is axially pinched between the housing and the cover by the housing
sealing surface and the cover sealing surface to form a first seal between the seal member and

the housing and a second seal between the seal member and the cover.

11. The filter element of claim 10, wherein the complimentary non-planar sealing surface

comprises a planar portion and a non-planar portion.

12. The filter element of claim 11, wherein the planar portion and the non-planar portion

are defined on at least two of four side sides of the complimentary non-planar sealing surface.

13
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13. The filter element of claim 11, wherein the complimentary non-planar sealing surface
comprises a plurality of non-planar portions positioned symmetrically across the

complimentary non-planar sealing surface.

14. The filter element of claim 11, wherein the non-planar portion comprises an arched
surface.
15. The filter element of claim 14, wherein the non-planar portion comprises a concave

recessed slit.

16. The filter element of claim 11, wherein the non-planar portion comprises a curved
surface.
17. The filter element of claim 11, wherein the non-planar portion comprises a plurality of

intersecting planar sub-sections.

18.  The filter element of claim 10, further comprising at least one handle extending axially

from an end of the filter element towards the cover.

19. A method, comprising:

providing a housing defining a central compartment and an outlet, the housing
comprising a housing sealing surface having a first non-planar surface;

providing a cover defining an inlet and comprising a cover sealing surface having a
second non-planar surface;

positioning a filter media of a filter element in the central compartment, the filter
element also comprising a seal member, the seal member comprising a complimentary non-
planar sealing surface that matches the first non-planar surface and the second non-planar
surface; and

coupling the cover to the housing such that the seal member is axially pinched between

the housing and the cover by the housing sealing surface and the cover sealing surface so as to

14



WO 2018/169648 PCT/US2018/018696

form a first seal between the seal member and the housing and a second seal between the seal

member and the cover.

20. The method of claim 19, wherein the complimentary non-planar sealing surface

comprises a planar portion and a non-planar portion.

21. The method of claim 20, wherein the non-planar portion comprises an arched surface.
22. The method of claim 20, wherein the non-planar portion comprises a concave recessed
slit.

23. The method of claim 20, wherein the non-planar portion comprises a curved surface.
24, The method of claim 20, wherein the non-planar portion comprises a plurality of

intersecting planar sub-sections.

25. The method of claim 19, wherein the filter element further comprises at least one handle

extending axially from an end of the filter element towards the cover.

15
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