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OVAL SEAL WITH STABILIZATION CONTOUR
CROSS-REFERENCE TO RELATED APPLICATIONS

[0081] The present application claims priority to United States Provisional Patent Application
Neo. 62/596,371, filed December §, 2017 and the contents of which are incorporated herein by
reference.

TECHNICAL FIELD

[00862] The present disclosure relates to filtration eystems for use with internal combustion
engine systems or the like,

BACKGROUND

{08031  Air filter assemablies include filter elements inserted and sealed against air filter
housings. When using air filter assemblies having non-circular sealing regions, it may be
difficult to ascertain the correct alignment of a seal member into a corresponding sealing
interface to ensure uniform compression or contact pressure around the perimeter of the seal
member. In addition, vibration and warping or dimensional variation may occur, thus also
potentially causing twisting and/or misalignment of the seal wember and sealing interface. If the
seal member is misaligned relative to a scaling interface, the uniform sealing compression, and

thus, sealing integrity may be compromised.
SUMMARY

[0684] One embodiment of the invention relates to a filter asserubly. The filter assembly
includes a filter element including filter media fitted between a first endplate and a second
endplate and a seal member having an oval profile. The first endplate includes an opening that
allows fhuid to flow into or out of the filter media. The filter media allows a working fluid to be
filtered through the filter media. The seal member is fitted on the first endplate and configured
to seal with a filter housing. The seal member includes an inner periroeter and an outer perimeter

including a plurality of cutwardly curved surfaces.
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[8005] Another embodiment of the invention relates {o a filter assembly. The filter assembly
includes a filter element including filter media fitted between a first endplate and a second
endplate and a seal member having an oval profile. The first endplate tncludes an opening that
allows fluid to flow into or out of the filter media. The filter media allows a working fluid to be
filtered through the filter media. The seal member is fitted on the first endplate and configured
to seal with a filter housing. The seal member inchudes an inner perimeter and an outer perimeter

including a plurality of inwardly curved surfaces.

Another embodiment relates to a filter assembly comprising a filter housing and a filter element.
The filter housing includes a boss surrounding an opening within the filter housing, The filter
element is releasably installed within the filter housing. The filter element comprises a first
endplate, a second endplate, and filter media fitted between the first endplate and the second
endplate. The first endplate includes an opening that allows a working thud to flow wnto or out
of the filter media. The filter media allows the working fluid to be filtered through the filter
media. A seal member having an oval profile is disposed on the first endplate and is configared
to seal with the filter housing. The seal member comprising a perimeter comprises a phurality of
curved surfaces which deviate from the oval profile. The seal member interfaces with a surface
of the boss when the filter element is installed within the filter housing. The interfacing of the

seal member with the surface of the boss provides sealing between the filter element and the

filter housing.

[06G6] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detatled 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

[0067] FIG. 1 shows a perspective view of a filter element, according to an example

embodiment,
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[6G88] FIG. 2 shows an end view of the filter element of FIG. 1.

{06091 FIG. 3 shows a perspective view of an endcap with a seal member extending therefrom

for use with a filter element of the filter element of FIG, 1.
{6010} FIG. 4 shows a perspective view of a filter element, according to another embodiment.
{6011} FIG. 5 shows an end view of the filter element of FIG. 4.

[6012] FIG. 6 shows a perspective view of an endcap with a seal member extending therefrom

for use with a filter element of the filter element of FIG. 4.

{88131 FIG. 7 shows a schematic view of a seal meraber profile for use with a filter element,

according to ancther embodiment.

[0814] FIG. 8 shows a schematic view of a seal member profile for use with a filter element,

according to another embodiment,

108151 FIG. 9 shows a schematic view of a seal member profile for use with a filter element,

according to another embodiment.

{0816} FIG. 10 shows a schematic view of a seal mernber profile for use with a filter element,

according to another embodiment.

(0177 FIG. 11 shows a filter element according to another embodiment, separated from a

mounting component of a filter housing.
[0818] FIG. 12 is a top plan view of the mounting component of FIG. 11,
DETAILED DESCRIPTION

10019] Referring to the figures generally, a filter assernbly that includes a unigue sealing
configuration between a filter and a housing 1s shown. A seal interface is provided between one

end of a filter and one end of a mating head or component of a housing. The filter has a

L
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protrusion having an oval shaped profile with a gasket around s outer perimeter. For the mating
component, a housing has a portion with a boss having an oval shaped profile to seal against the
protrusion of the filter. The seal interface described herein can provide a keying feature which
can be helpful to ensure that consistent contact pressure around the perimeter of the seal member
is maintained. The seal interface also aids in ensuring that the correct filter is being installed and

can help make installation easier,

106201 Referring to FIG. 1, a filter element is shown according to one embodiment. The filter
element 100 is mounted in a filter housing (not shown). The filter element 100 includes filter
media 102 configured to filter a working fluid. The filter media 102 is fitted between a first
endplate 104 and a second endplate 106, As used herein, the term “endplate” should be
interpreted broadly to cover a variety of arrangements. For example, the endplates 104, 106 can
comprise molded polyurethane structures at the ends of the filter media 102, as well as other
structures which are separately formed and then physically coupled to the filter media 102. The

first endplate 104 includes an opening 108 that allows fluid to into or out of the filter media 102,

[0823] The first endplate 104 includes a main surface (not shown) fncluding a spud {(not
shown) having an oval shaped profile protruding outward from the main surface. The spud
surrounds the opening 108. A seal member 112 having an oval profile is disposed about an outer
surface of the spud. The seal member 112 is a gasket that is oval shaped. As described further
herein, the oval profile defines a general oval shape with inwardly and outwardly curved shapes
along the perimeter thereof. The oval profile includes a major axis and a minor axis intersecting
at the center of the oval profile. The major axis is defined as a line segment that runs through the
center and both foci of the oval profile of the seal member 112, with ends at the widest points of
the perimeter. The minor axis is defined as a line segment that runs perpendicular to the major
axis and through the center of the oval profile of the seal member 112. The seal member 112
includes a longitudinal axis 120 and a transverse axis 110 (shown in FIG. 2). The longitudinal
axis 120 extends along and beyond the major axis of the oval profile of the seal member 112,
The transverse axis 110 extends along and beyond the minor axis of the seal member 112, In

one embodiment, the seal member 112 is a slip-on pasket that may be attached to the spud

4
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through an interference fit between the seal member 112 and spud. T other emabodiments, the
seal member 112 is overmolded onto the spud. The seal member 112 is made from a resilient
and flexible material capable of creating a seal between the filter element 100 and a filter

housing.

{8022] The filter element 100 is releasably housed within a filter housing. The filter element
100 is inserted in an axial direction to mount onto the filter housing. The filter housing has a
mounting component that includes a boss that surrounds an opening in the filter housing. When
the filter element 100 is connected to the filter housing, the opening in the filter housing is in
fluid communication with the opening 108 of the first endplate 104 of the filter element 100,
The boss mates with the spud and seals against the seal member 112, As shown in FIG. 3, the
seal member 112 comprises a base surface 123, an end surface 125, and an outer periraeter 114
including a sealing surface 116 extending from the base surface 123 to the end surface 125, The
sealing surface 116 is configured to interface with an inner surface of the boss. The seal member
112 thus provides a seal interface between the filter element 100 and the filter housing. The
sealing interface provides sealing between the dirty and the clean sides of the filter element. In
use, for example, the filter element 100 is connected to the filter housing when the spud is
inserted into the boss, such that the boss surrounds the spud and seal member 112, The boss on
the filter housing is dimensioned specifically to ensure sealing capability with the seal member

112 on the filter element 100,

{0623] Referring to FIGS. 2 and 3, an end view and a perspective view of the seal member 112
are shown, respectively. The seal member 112 provides a contoured profile formed on the outer
perimeter 114 to ensure proper alignment of the seal member 112 and a corresponding sealing
interface formed in the boss on the filter housing. The contoured profile includes a plurality of
outwardly curved surfaces 118 symmetrically centered about one ot both of the longitudinal axis
110 and transverse axis 120 (shown in FIG. 2) of the seal member 112. In other embodiments,
the seal member 112 includes only one outwardly curved surface 118, In other embodiments,
the outwardly curved surfaces 118 arc not symmetric about the longitudinal and/or transverse

axes 110, 120, To maintain uniform seal cross-section, the seal member 112 additionally
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includes corresponding outwardly curved surfaces on an inner periraeter 115 thereof such that
the thickness of the seal member 112 is uniform throughout. In other embodiments, the seal
mernber 112 does not include corresponding outwardly curved surfaces on the inner perimeter
115,

[0024] In a particular set of implementations, the outwardly curved surfaces 118 extend
between approximately 15 and 30 millimeters (mm) in length along the outer perimeter 114, and
more generally not less than 10 mm and no greater than 30 mun in length. In other embodiments,
the outwardly curved surfaces 118 can extend cutside of this range. The outwardly curved
surfaces 118 may have a depth inside or outside the basic ellipse or oval shape approximately
between 10 mm and 20 mm, and more generally not less than 5 mm and no greater than 25 mm.
in other embodiments, the cutwardly curved surfaces 118 have a depth outside of this range.
Although not shown, the boss on the filter housing includes correspondingly shaped inwardly

curved surfaces to mate with the outwardly curved surfaces 118 of the seal member 112,

[8025] The seal member 112 also includes indentations 124 formed on the inner perimeter 115,
The indentations 124 are inset from the end surface 125 of the seal member 112, The
indentations 124 create a clearance to avoid flow disturbances or a reduced pleat depth in the

filter assembly.

{0626] Referring to FIG. 4, a filter element is shown according to another embodiment. The
filter element 200 fits within a filter housing {not shown). The filter element 200 includes filter
media 202 configured to filter 2 working fluid. The filter media 202 is fitted between a first
endplate 204 and a second endplate 206. The first endplate 204 includes an opening 208 that

allows fluid to mto or out of the filter media 202.

[0027] The first endplate 204 includes a main surface {not shown) including a spud (not
shown) protruding outward from the main surface. The spud surrounds the opening 208. A seal
member 217 s disposed about an outer surface of the spud. The seal member 212 is a gasket
that is oval shaped. As described further herein, the oval profile includes a general oval shape

with inwardly and outwardly curved shapes along the perimeter thereof. The oval shape includes

6



WO 2019/113152 PCT/US2018/063976

a major axis and a minor axis intersecting at the center of the oval. The major axis is defined as
a line segment that runs through the center and both foci of the oval, with ends at the widest
points of the perimeter. The minor axis is defined as a line segment that runs perpendicular to
the major axis and through the center of the oval shape. The seal mernber 212 includes a
longitudinal axis 220 and a transverse axis 210 (shown in FIG. 5). The longitudinal axis 220
extends along and beyond the major axis of the oval profile of the seal member 212. The
transverse axis 210 extends along and beyond the minor axis of oval profile of the seal member
212. In one embodiment, the seal member 212 is a slip-on gasket that may be attached to the
spud through an interference {it between the seal meraber 212 and spud. In other embodiments,
the seal member 212 is overmolded onto the spud. The seal member 212 is made from 4 resilient
and flexibie material capable of creating a seal between the filter element 200 and a filter

housing.

10028] The filter element 200 is releasably housed within a filter housing. The filter element
200 is inserted in an axial direction to mount onto the filter housing. The filter housing has a
mounting component that includes a boss that surrounds an opening in the filter housing. When
the filter element 200 is connected to the filter housing, the opening in the filter housing is in
fluid communication with the opening 208 of the first endplate 204 of the filter element 200
The boss mates with the spud and seals against the seal member 212, As shown in FIG. 6, the
seal member 212 comprises a base surface 223, an end surface 225, and an outer perimeter 214
including 4 sealing surface 216 extending from the base surface 223 to the ond surface 225, The
sealing surface 216 is configured to interface with an inner surface of the boss. The seal member
212 thus provides a seal interface between the filter element 200 and the filter housing. The seal
interface provides sealing between the dirty and the clean sides of the filter element. Inuse, for
example, the filter element 200 is connected to the filter housing when the spud is inserted into
the boss, such that the boss surrounds the spud and seal member 212, The boss on the filter
housing is dimensioned specifically to ensure sealing capability with the seal member 212 on the

{ilter element 200,
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{002%] Referring to FIGS. § and 6, an end view and a perspective view of the seal ronember 212
are shown, respectively. The seal member 212 provides a contoured profile formed on the outer
perimeter 214 to ensure proper alignment of the seal member 212 and a corresponding sealing
interface formed in the boss on the filter housing. The contoured profile includes a plurality of
ocutwardly curved surfaces 218 symmetrically centered about one or both of the longitudinal axis
210 and transverse axis 220 (shown in FIG. §) of the seal member 212. In other embodiments,
the seal member 212 includes only one outwardly curved surface 218, In other embodiments,
the outwardly curved surfaces 218 are not symmetric about the longitudinal and/or transverse
axes 210, 220, To maintain uniform seal cross-section along the perimeter of the seal member
212, the seal member 212 additionally includes corresponding outwardly curved surfaces on an
fnner perimeter 215 thereof such that the thickness of the seal member 112 is uniform
throughout. In other embodiments, the seal member 212 does not include corresponding

outwardly curved surfaces on the inner perimeter 215,

[6038]  The contoured profile of seal member 212 also includes a plurality of inwardly curved
surfaces 226 symmetrically centered about one or both of the longitudinal axis 210 and
transverse axis 220 (shown in FiG. 5) of the seal member 212, In other embodiments, the seal
member 212 includes only one inwardly curve surface 226. In other embodiments, the inwardly
curved surfaces 226 are not symmetric about the longitudinal and/or transverse axes 210, 220.
To maintain a uniform seal cross-section along the perimeter of the seal member 212,
corresponding mwardly curved surfaces on the inner perimeter 215 are included. In other
embodiments, the seal member 212 does not include corresponding inwardly curved surfaces on

the inner perimeter 215,

{0031} In a particular set of implementations, the outwardly curved surfaces 218 and the
mwardly curved surfaces 226 extend between approximately 15 and 30 mm in length along the
outer perimeter 214, and more generally not less than 10 mm and no greater than 50 ram in
length. In other embodiments, the curved surfaces 218, 226 can extend outside of this range.
The outwardly curved surfaces 218 and inwardly curved surfaces 226 may have a depth inside or

outside the basic ellipse or oval shape approxtimately between 10 mm and 20 mm, and more

8
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generally not less than 3 mm and no greater than 25 mm. In other embodiments, the curved
surfaces 218, 226 have a depth outside of this range. Although not shown, the boss on the filter
housing includes correspondingly shaped inwardly curved surfaces to mate with the curved

surfaces 218, 226 of the seal member 212,

[0032] The seal member 212 also includes indentations 224 formed on the inner perimeter 2135,
The indentations 224 are inset from the end surface 225 of the seal member 212, The
indentations 224 create a clearance to avoid flow disturbances or a reduced pleat depth 1p the

filter assembly.

[0033] Referring to FIGS. 7-10, various embodiments of seal member profiles are shown.
Referring to FIG. 7, a seal member profile 700 is shown according to an example embodiment,
The seal member profile 700 includes two protrusions 702 (e.g., outwardly curved surfaces)
formed on the outer perimeter 714, The protrusions 702 are positioned on the transverse axis
720 and symmetrically about both the longitudinal axis 710 and the transverse axis 720 such that
filter element could be rotated to two positions for installation onto a filter housing (e.g., two

degrees of freedom for proper installation).

18034] Referring to FIG. 8, a seal member profile 800 is shown according to another example
embodiment. The seal member profile 800 includes two protrusions 802 (e.g., outwardly curved
surfaces) formed on the outer perimeter §14. The protrusions 802 are not symmetrically
positioned about the longitudinal axis 810 or the transverse axis 820. However, the protrusions
802 are positioned such that the filter element could be rotated to two positions for installation

onto a filter housing {e.g., two degrees of freedom for proper installation).

{6035] Referring to FIG. 9, a seal member profile 900 is shown according to another example
erabodiment. The seal member profile 900 includes two recesses 902 (e.g., inwardly curved
surfaces) formed on the outer perimeter 914. The recesses 902 are positioned on the fransverse
axis 920 and symmetrically about both the longitudinal axis 910 and the transverse axis 920 such
that the filter element could be rotated to two positions for installation onto g filter housing (e.g.,

two degrees of freedom for proper installation).

g
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[8036] Referring to FIG. 10, a seal member profile 1000 1s shown according to another
exarnple embodiment. The seal member profile 1000 includes two protrusions 1002 {(e.g.,
outwardly curved surfaces) and two recesses 1004 {e.g., inwardly curved surfaces) formed on the
outer perimeter 1014, The protrusions 1002 and recesses 1004 are not symumetrically positioned
above the longitudinal axis 1010 or the transverse axis 1020. However, the protrusions 1002 and
recesses 1004 are positioned such that the filter element could be rotated to two positions for
installation onto a filter housing {e.g., two degrees of freedom for proper installation). Other
various combinations of protrusions and recesses can be used to aid in alignment of a seal with a

corresponding sealing interface.

18837} FIG. 11 shows a filter element 300 according to another embodiment, separated from a
mounting component 310 of a filter housing. The filter element 300, which includes pleated
filter media 303, is similar in many respects to the filter elements 100, 200 discussed herein and
should be understood as including the features discussed with regard to these filter elements.
The mounting component 310 of the filter housing includes a boss 315 that surrounds an opening
320 in the filter housing. As best shown in FIG. 12, the boss 315 possesses an oval shaped
profile with inwardly and/or outwardly curved shapes along the perimeter thereof, with the
profile matching the profile of the seal member of a first endplaie 325 of the filter element 300.
When the filter element 300 is connected to the filter housing, the opening 320 in the filter
housing is in fluid communication with the opening of the first endplate 325 of the filter element
300. The boss 315 mates with a spud 330 of the first cnd plate 335 and  vie the mutching

profiles of the boss 315 and the seal member-—seals against the seal member thereot,

16638] It should be noted that any use of the term “example” herein to describe vartious
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term 1s not intended to

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

[6038] References herein to the positions of clements (e.g., “above,” “below,” etc.} are merely

used to describe the orientation of various elements in the figures. It should be noted that the

10
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orientation of various elements may differ according to other example embodiments, and that

such variations are intended to be encompassed by the present disclosure.

[0048] 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 appreciate
that many modifications are possible (e.g., variations in sizes, dimensions, stractures, shapes and
proportions of the various clements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matier described herein. For example, elements shown as inlegrally
formed may be constructed of multiple parts or clements, 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 oy 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 exarmple

embodiments without departing from the scope of the present invention.

{(041] Accordingly, the present disclosure may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to be
considered in all respects only as illustrative and not restrictive. The scope of the disclosure is,
therefore, indicated by the appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equivalency of the clairus are to be

embraced within their scope.
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WHAT IS CLAIMED IS:

1. A filter element comprising:

a first endplate;

a second endplate;

filter media fitted between the first endplate and the second endplate, the first endplate
including an opening that allows a working fluid to flow into or out of the filter media, the filter
media allowing the working fluid to be filiered through the filter media; and

a seal merber having an oval profile disposed on the first endplate and configured to seal
with a filter housing, the seal member comprising an inner perimeter and an outer perimeter

comprising a plurality of outwardly curved surfaces.

-

2. The filter element of claim 1, wherein the seal member further comprises a plurality of
indentations formed on an inner perimeter thereof, the plurality of indentations inset from an end

surface of the seal member.

o

3. The filter element of claim I, wherein the sutwardly curved surfaces are syrumelrically
positioned about a longitudinal axis formed along a major axis of the oval profile of the seal

member.

4, The filter element of claim 1, wherein the outwardly curved surfaces are symmetrically
positioned about a transverse axis formed along a minor axis of the oval profile of the seal

member.

5. The filter element of claim 1, wherein the outer perimeter of the seal member further

comprises a plurality of inwardly curved surfaces.

6. The filter element of claim 5, wherein the outwardly curved surfaces and the imnwardly
curved surfaces are symmetrically positioned about a longitudinal axis formed along a major axis

of the oval profile of the seal member.

12
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7. The filter element of claim 3, wherein the outwardly curved surfaces and the jnwardly
curved surfaces are symmetrically positioned about a transverse axis formed along a minor axis

of the oval profile of the seal member.

8. A filter element comprising:

a first endplate;

a second endplate;

filter media fitted between the first endplate and the second endplate, the first endplate
including an opening that allows a working fluid to flow into or out of the filter media, the filter
media allowing the working fluid to be filtered through the filter media; and

a seal member having an oval profile disposed on the first endplate and configured to seal
with a filter housing, the seal member comprising an inner periraeter and an outer perimeter

comprising a plurality of inwardly curved surfaces.

9. The filter element of claim &, wherein the seal member further comprises a plurality of
indentations formed on an inner perimeter, the plurality of indentations inset from an end surface

of the seal member.

10, The filter element of claim 8, wherein the inwardly curved surfaces are symmetrically
positioned about a longitudinal axis formed along a major axis of the oval profile of the seal

member.

11, The filter element of claim §, wherein the inwardly curved surfaces are symmetrically
positioned ahout a transverse axis formed along a minor axis of the oval profile of the seal

member.

12.  The filter element of claim 8, wherein the cuter perimeter of the seal member further

cornprises a plurality of outwardly curved surfaces.

13.  The filter element of claim 12, wherein the outwardly curved surfaces and the inwardly
curved surfaces are symimetrically positioned about a longitudinal axis formed along a major axis
of the oval profile of the seal member.

13
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14,  The filter element of claim 12, wherein the outwardly curved surfaces and the inwardly
curved surfaces are symmetrically positioned about a transverse axis formed along a minor axis

of the oval profile of the seal member.
15, A filter assembly, comprising:
a filter housing including a boss surrounding an opening within the filter housing; and

a filter element releasably installed within the filter housing, the filter element

comprising:
a first endplate;
a second endplate;

filter media fitted between the first endplate and the second endplate, the first
endplate including an opening that allows a working fluid to flow into or out of the filter
media, the {ilter media allowing the working fluid to be filtered through the filter media;

and

a seal member having an oval profile disposed on the first endplate and
configured to seal with the filter housing, the seal member comprising a perimeter
comprising a plurality of curved surfaces which deviate from the oval profile, the seal
member interfacing with a surface of the boss when the filter element is instalied within
the filter housing, the interfacing of the seal mewmber with the surface of the boss

providing sealing between the filter element and the filter housing.

16.  The filter assembly of claim 13, wherein the plurality of curved surfaces are curved

inwardly relative to the oval perimeter.

17.  The filter assembly of claim 135, wherein the plurality of curved surfaces are curved

outwardly relative to the oval perimeter.

14
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18, The filier assembly of claim 15, wherein the plurality of curved surfaces include inwardly

curved surfaces and outwardly curved surfaces.

19.  The filter assembly of claim 15, wherein the plurality of curved surfaces are located on an
outer perimeter of the seal member, and wherein the seal member interfaces with an inner

surface of the boss when the filter element is installed within the filter housing.

20, The filter assembly of claim 15, wherein the plurality of curved surfaces are

symmetrically positioned about an axis of the seal member.

fu—
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