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FILTERELEMENT 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This patent application is a continuation-in-part of 
co-pending U.S. patent application Ser. No. 1 1/939,662, filed 
Nov. 14, 2007, which published as U.S. Publication No. 2008/ 
0060329, which is a continuation of U.S. patent application 
Ser. No. 10/979,876, filed Nov. 2, 2004, which issued as U.S. 
Pat. No. 7,318.851, the entire teachings and disclosures of 
which are incorporated herein by reference thereto. This 
Patent Application is also a continuation-in-part of co-pend 
ing U.S. patent application Ser. No. 12/556,976 filed Sep.10, 
2009, which published as 2010/0000934, which is a continu 
ation of U.S. patent application Ser. No. 10/979,783, filed 
Nov. 2, 2004, which published as U.S. Publication No. 2006/ 
0091061, now abandoned, the entire teachings and disclo 
sures of which are incorporated herein by reference thereto. 

FIELD OF THE INVENTION 

0002 This invention relates to fluid filters, and more par 
ticularly to filters having a housing adapted for receiving a 
filter element including a seal member for sealing a juncture 
between the filter housing and the filter element when the 
filter element is installed in filter housing. 

BACKGROUND OF THE INVENTION 

0003 Filtration devices and systems are employed in a 
wide range of applications for filtering contaminants from 
various process fluids. For example, it is known to pass air or 
similar gasses through filter assemblies that enclose filtration 
media Such as filter paper to remove dust and other contami 
nants. Filters of the type used for filtering particulate matter 
from fluid sometimes include a filter housing having an inlet 
for receiving the fluid with entrained particulate matter, and 
an outlet for delivering the filtered fluid to a device needing 
fluid that is free of particulate matter. For example, a filter 
may be provided at the air inlet of an engine or an air com 
pressor to remove dust, water, or other particulate matter that 
could cause damage to the engine or compressor if it were not 
removed from the air entering the engine or compressor. 
0004. The filtration media is typically enclosed within a 
housing that is permanently fixated within a larger overall 
process system that utilizes the filtered fluids. Desirably, to 
prevent reduced filtration or clogging, the filter assembly is 
constructed to facilitate the removal and replacement of the 
filtration media from the permanently fixated housing. In 
such filters, the particulate matter is typically removed by a 
filter element that is installed within the filter housing in such 
a manner that the fluid must flow through a filter element, 
including a filter pack of porous filter material, which 
removes the particulate matter from the fluid. Over time, the 
filter pack of the filter element becomes plugged or coated 
with particulate matter, necessitating removal and replace 
ment of the filter element in order for the filter to continue in 
its function of supplying particulate-free fluid at the outlet of 
the housing. 
0005 For this reason, the filtration media is typically con 
figured into removable filter elements or filter cartridges. To 
enable removal of a filter element from the filter housing, 
typically a clearance or gap is provided between the two 
components. To cause process fluids to pass through the fil 
tration media rather than around any clearance between the 
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filter element and filter housing, the filter element is often 
provided with a seal that abuts against the filterhousing. One 
particular filter element provided with a seal is disclosed in 
U.S. Pat. No. 6,610,117 (Gieseke), herein incorporated by 
reference. 
0006. In order to facilitate removal and replacement of the 

filter element, it is known to configure the filter housing to 
include a generally tubular wall section thereof, and provide 
a seal member mounted on the filter element that seals the 
juncture between an inner surface of the tubular wall section 
and the filter element, when the filter element is inserted into 
the housing, so that the fluid cannot bypass the filter element 
while flowing through the housing. Prior approaches to pro 
viding Such sealing arrangement are disclosed in U.S. Pat. 
No. 6,190.432, to Gieseke, et al., and in U.S. Pat. No. 6,517, 
598 B2, to Anderson, et al., herein incorporated by reference. 
0007. It is desirable to provide an improved filter element, 
and filter apparatus, having a filter element and sealing 
arrangement that are more robust than the arrangements used 
in prior filters. It is also desirable to provide such an improved 
filter element and filter apparatus in a form that can be manu 
factured in a more straight-forward and lower cost manner 
than prior filter elements and filter apparatuses. 
0008. The invention provides such a filter element and 

filter apparatus. These and other advantages of the invention, 
as well as additional inventive features, will be apparent from 
the description of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

0009. In one aspect, embodiments of the invention provide 
a filter assembly and a removable filter element for use therein 
that employ a compressible seal element. In a particular 
aspect, the seal element is spaced from the rest of the filter 
element and connected directly or indirectly thereto by a rigid 
end cap. Thus, when the filter element is inserted into a filter 
housing having a narrowed or stepped-in Surface, the seal 
element abuts against that surface creating a seal. The sealing 
engagement between the seal element and the filter housing 
prevents process fluids from flowing through any unoccupied 
clearances between the filter element and filter housing and 
thereby avoid filtration. 
0010. In a more particular aspect, embodiments of the 
invention provide a separate, rigid Support member that Sup 
ports the seal element against the filterhousing to improve the 
seal and prevent distortion of the compressible seal material. 
In another aspect, embodiments of the invention provide an 
end cap for connecting the seal element to the rest of the filter 
housing which is configured for improved attachment to the 
seal element. Accordingly, the seal element is sufficiently 
restrained against detaching from the end cap and the rest of 
the filter element. In further aspects, the seal element can be 
received into a slot or groove for retention, and the seal 
element can be located at various places along the filter ele 
ment. 

0011. In one aspect, embodiments of the invention provide 
an improved filter element and filter apparatus through use of 
a filter element that includes a filter pack, a seal member, and 
a seal Support frame operatively connecting the seal member 
to the filter pack. 
0012. According to one aspect of the invention, the filter 
pack has first and second oppositely facing flow faces, and 
defines a longitudinal axis passing through the first and sec 
ond flow faces. The seal Support frame includes a canted 
annular extension thereof, for Supporting the seal member. 
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Having the seal Support canted provides a more robust struc 
ture that is more inherently capable of withstanding radial and 
axial forces on the seal member during installation, removal, 
and operation of the filter element. 
0013. In an embodiment of the invention, the canted annu 
lar extension projects from one of the first and second flow 
faces at an oblique angle to the longitudinal axis, and has a 
first end and a distal end thereof. The seal support frame 
further includes an inwardly canted intermediate annular seg 
ment that extends between the first end of the canted annular 
extension and the one of the first and second flow faces of the 
filter pack. The intersection of the first end of the canted 
annular extension and the inwardly canted intermediate annu 
lar section forms a V-shaped, outwardly opening, annular 
groove at the juncture of the canted annular extension and the 
inwardly canted intermediate annular segment. 
0014. According to another aspect of the invention, the 

filter pack has an outer periphery thereof joining first and 
second oppositely facing flow faces, and defining a longitu 
dinal axis passing through the first and second flow faces. The 
seal Support frame has an outer peripheral sidewall, adapted 
for circumscribing the outer periphery of the filter pack. The 
seal Support frame may also have a first end thereof including 
an annular extension, and a second end thereof spaced from 
the first end thereof along the longitudinal axis, with the first 
and second ends of the seal Support frame joined by the outer 
peripheral sidewall of the seal support frame to define a cavity 
within the seal support frame for receiving the filter pack. 
Having the filter pack disposed in the cavity of the seal Sup 
port frame provides significant additional protection for the 
filter pack, during installation, removal, and operation of the 
filter element. 
0015. According to a further aspect of the invention, the 
outer peripheral sidewall may include a first and a second 
section thereof, with the first section extending from one of 
the first or second ends of the seal Support frame and termi 
nating in a distal end of the first section of the outer peripheral 
sidewall, and the second section thereof extending from the 
other of the first and second ends of the seal support frame and 
terminating in a distal end of the second section of the outer 
peripheral sidewall. The first and second sections of the outer 
peripheral sidewall are joined together by a hub extending 
from the distal end of one of the first or second sections of the 
outer peripheral sidewall, with the hub being adapted for 
receiving the distal end of the other of the first and second 
sections of the outer peripheral sidewall. 
0016. In an embodiment, the distal ends of the first and 
second sections of the outer peripheral side wall may be 
joined and sealed to the outer periphery of the filter pack by a 
single bead of adhesive forming a common bond and seal 
between the distal ends of the first and second sections of the 
outer peripheral sidewall of the seal support frame and the 
outer periphery of the filter pack. Having the components of 
the filter element configured to allow use of a single adhesive 
bead for simultaneously joining the first and second sections 
of the outer sidewall of the seal support member to one 
another and to the outer periphery of the filter pack, according 
to the invention, significantly facilitates manufacture of the 
filter element by eliminating the need for applying multiple 
adhesive beads as is required in the manufacture of prior filter 
elements. 

0017 Embodiments of the invention may take the form of 
a filter apparatus including a housing and a filter element 
according to the invention. A filter element or filter apparatus, 
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according to the invention, may include a filter pack having a 
plurality of flutes of porous filter media, and additional fea 
tures for facilitating manufacture of a filter element or appa 
ratus according to the invention. Further embodiments of the 
invention may be practiced with efficacy in filters using ele 
ments formed in a variety of cross sectional shapes including 
circular, race-track-like, oblong or rectangular. 
0018. Other aspects, objectives and advantages of the 
invention will become more apparent from the following 
detailed description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The accompanying drawings incorporated in and 
forming a part of the specification illustrate several aspects of 
the present invention and, together with the description, serve 
to explain the principles of the invention. In the drawings: 
0020 FIG. 1 is a cross-sectional view of a filter assembly 
including a filter element employing a seal element engaging 
a filterhousing that is designed in accordance with the teach 
ings of the invention; 
(0021 FIG. 2 is an exploded view of the filter element 
including filter media comprised of a multilayered corrugated 
sheet including a corrugated or fluted layer and a cover layer, 
a grill plate, and an end cap connected to the seal element; 
0022 FIG.3 is a detailed view of the circled area indicated 
in FIG. 1 illustrating the seal element connected to the rest of 
the filter element via the end cap and Supported against the 
filter housing (shown in dashed lines) by a Support member; 
0023 FIG. 4 is a detailed view of the area indicated by 
circle 4 in FIG.3 showing the seal element attached to the end 
cap by a plurality of forks: 
0024 FIG. 5 is a detailed view of the circled area indicated 
in FIG. 1 illustrating another embodiment wherein the seal 
element is mechanically attached to an end cap and Supported 
against the filterhousing (shown in dashed lines) by a Support 
member; 
0025 FIG. 6 is a detailed view of the circled area indicated 
in FIG. 1 illustrating another embodiment wherein the seal 
element is mechanically attached to an end cap and Supported 
against the filterhousing (shown in dashed lines) by a Support 
member having a strengthening rib; 
0026 FIG. 7 is a detailed view of the circled area indicated 
in FIG. 1 illustrating another embodiment wherein the seal 
element is hooked to the rest of the filter element by an end 
cap and Supported against the filterhousing (shown in dashed 
lines) by a Support member, 
0027 FIG. 8 is a detailed view of the circled area indicated 
in FIG. 1 illustrating another embodiment wherein the seal 
element is hooked to the rest of the filter element by an end 
cap and mechanically attached to a Support member Support 
ing the seal element against the filter housing (shown in 
dashed lines); 
0028 FIG.9 is a detailed view of the circled area indicated 
in FIG. 1 illustrating another embodiment wherein the seal 
element is hooked to the rest of the filter element by an end 
cap and is mechanically attached via a hollow knob to a 
Support member Supporting the seal element against the filter 
housing (shown in dashed lines); 
0029 FIG. 10 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is hooked to the rest of the filter element by an 
end cap and is mechanically attached via a slotted hollow 
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knob to a Support member Supporting the seal element against 
the filter housing (shown in dashed lines); 
0030 FIG. 11 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is mechanically attached to the end cap and 
Supported against the filter housing (shown in dashed lines) 
by a Support member including a depending rib; 
0031 FIG. 12 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is mechanically attached to the end cap and 
Supported against the filter housing (shown in dashed lines) 
by a support member inserted between the seal element; 
0032 FIG. 13 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is mechanically attached to the end cap and 
Supported against the filter housing (shown in dashed lines) 
by a Support member that engages a grill plate; 
0033 FIG. 14 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is attached to a Support member integral with a 
grill plate and connected to the rest of the filter element by an 
end cap; 
0034 FIG. 15 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a wave-like leg 
extending beyond the filter media; 
0035 FIG. 16 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a curved leg 
extending beyond the filter media; 
0036 FIG. 17 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a leg extending 
beyond the filter media that includes an enlarged lobe: 
0037 FIG. 18 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap with a tapered leg 
extending beyond the filter media that includes a notched 
Surface; 
0038 FIG. 19 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having an inward 
angled leg extending beyond the filter media; 
0039 FIG. 20 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having an outward 
angled leg with a flange extending beyond the filter media; 
0040 FIG. 21 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap taped to the filter 
media; 
0041 FIG. 22 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having two diverging 
legs extending beyond the filter media; 
0.042 FIG. 23 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a plurality of 
posts and is Supported by a Support member against the filter 
housing (shown in dashed lines); 
0.043 FIG. 24 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
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seal element is connected to an end cap having a plurality of 
posts and is Supported against the filter housing (shown in 
dashed lines); 
0044 FIG. 25 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a plurality of 
posts and is Supported by a Support member against the filter 
housing (shown in dashed lines); 
004.5 FIG. 26 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a plurality of 
posts and a raised shoulder portion and is Supported against 
the filter housing (shown in dashed lines); 
0046 FIG. 27 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected to an end cap having a plurality of 
posts and a slanted portion and is Supported against the filter 
housing (shown in dashed lines); 
0047 FIG. 28 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is received in a slotted member formed integrally 
with the end cap and is Supported against the filter housing 
(shown in dashed lines); 
0048 FIG. 29 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is received in a slotted member separated from 
the end cap and is Supported against the filterhousing (shown 
in dashed lines); 
0049 FIG. 30 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is received in a slotted member formed integrally 
with the grill plate and is supported against the filter housing 
(shown in dashed lines); 
0050 FIG. 31 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is connected directly to the sidewall of the filter 
media and is Supported against the filter housing (shown in 
dashed lines); 
0051 FIG. 32 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element and end cap are connected to the sidewall of the 
filter media and is Supported against the filterhousing (shown 
in dashed lines); 
0052 FIG. 33 is a detailed view of the circled area indi 
cated in FIG. 1 illustrating another embodiment wherein the 
seal element is located proximate the inlet of the filter hous 
1ng 
0053 FIG. 1A is a perspective partial cross-sectional view 
of a first exemplary embodiment of the invention, in the form 
of a filter element, adapted for insertion into a filter housing, 
but not including the filter housing: 
0054 FIG. 2A is an orthographic cross section of the 
exemplary embodiment of FIG. 1A: 
0055 FIG. 3A is an orthographic partial cross section of 
an outwardly canted annular extension of a seal Support frame 
of the exemplary embodiment of FIGS. 1A and 2A, with a 
seal member not shown, for clarity of illustration; 
0056 FIG. 4A is an orthographic partial cross section of 
an outwardly canted annular extension of a seal Support frame 
of the exemplary embodiment of FIGS. 1A-3A, that is iden 
tical to FIG. 3A, but with the seal member shown; 
0057 FIG. 5A is a schematic cross section, similar to 
FIGS. 3A and 4A, illustrating a method for molding the seal 
member onto the canted annular extension; 
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0058 FIGS. 6A and 7A are orthographic cross sections 
taken respectively through, and between, raised locating ribs 
of the seal Support frame; 
0059 FIG. 8A is a partial cross sectional view cutting 
transversely through one of the raised ribs of FIB. 7A, along 
line 8-8 of FIG. 7A: 
0060 FIG.9A is a perspective illustration of a fluted filter 
media, used in exemplary embodiments of the invention; 
0061 FIGS. 10A and 11A are perspective illustrations of 
optional cross sectional shapes for a filter pack, according to 
the invention; 
0062 FIG. 12A is an orthographic cross section of a sec 
ond exemplary embodiment of the invention, in the form of a 
filter apparatus including a filter housing and a filter element 
adapted for attachment to the filter housing; and 
0063 FIG. 13A is a partial orthographic cross section of 
an alternate embodiment of the invention, including an annu 
lar extension which is canted inward. 
0064. While the invention will be described in connection 
with certain preferred embodiments, there is no intent to limit 
it to those embodiments. On the contrary, the intent is to cover 
all alternatives, modifications and equivalents as included 
within the spirit and scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

0065. Now referring to the drawings, wherein like refer 
ence numbers refer to like elements, there is illustrated in 
FIG.1 an example of a filter assembly 100 in which fluids, and 
particularly gasses such as air, can flow through for filtration. 
The filter assembly 100 includes a filter housing 110 defining 
an interior Volume 114 that can accommodate a filter element 
112. The filter housing 110 is generally tubular in shape and 
extends along an axis line 102. To provide access the interior 
volume 114, the filter housing 110 also includes an inlet 116 
formed at a first end of the tubular housing and an axially 
spaced-apart outlet 118 formed at a second end of the hous 
ing. Because the axially opposed arrangement of the inlet 116 
and outlet 118 will cause fluid to flow along the direction of 
the axis line 102 as indicated by arrows 104, this type of filter 
assembly 100 is often referred to as a “straight-through flow” 
filter assembly. In various embodiments, the filter assembly 
100 can include a safety filter 120 located downstream of the 
primary filter element 112 proximate the outlet 118. Fluids 
from the filter element 112 are therefore directed to the safety 
filter 120 for further filtration prior to exiting the filter assem 
bly 100. 
0066. To receive the filter element 112 in the internal vol 
ume 114, the filter element can be axially inserted through the 
inlet 116 of the filter housing 110. In the preferred and illus 
trated embodiment, both the filter housing 110 and filter 
element 112 are generally cylindrical in shape and coaxially 
arranged about the axis line 102, with the filter housing hav 
ing a larger diameter than the filter element to provide a 
sliding or clearance fit. However, as will be appreciated by 
those of skill in the art, the tubular filter housing 110 and filter 
element 112 can be provided in other shapes such as, for 
example, oval and rectangular. Accordingly, geometric refer 
ences such as “annular,” “ring-shaped' and the like are 
intended to encompass these and other shape alternatives. 
0067. To releasably secure the removable filter element 
112 to the filter housing 110, in the illustrated embodiment 
the filter element includes an inlet cover 122 that extends over 
the inlet 116 when the filter element is inserted into the 
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internal volume 114. The inlet cover 122 includes one or more 
radially outward extending flanges 124 that can abut against 
corresponding flanges 126 located at and projecting from the 
inlet 116 of the filter housing 110. Threaded fasteners 128 can 
be threadably received in threaded holes disposed through the 
respective flanges. Accordingly, to remove a clogged or dirty 
filter element 112, the threaded fasteners are undone and the 
filter element is pulled in the axial direction from the filter 
housing 110. 
0068 Attached to and extending from the inlet cover 122 
into the internal volume 114 is the filter media 130 that 
actually performs the filtration of the fluids. In the illustrated 
embodiment, the filter media 130 is generally cylindrical and 
extends between a circular upstream face 132 and a spaced 
apart, respectively circular downstream face 134. When prop 
erly inserted into the filter housing 110, the downstream face 
134 is oriented toward the outlet 118 while the upstream face 
132 is located proximate the inlet 116. Accordingly, as illus 
trated by the arrows 104, fluids passing through the filter 
assembly 100 will impinge upon the upstream face 132, fil 
trate through the filter media 130, and exit through the down 
stream face 134. The filter media 130 additionally includes a 
cylindrically shaped, peripheral sidewall 138 extending 
between the circular upstream and downstream faces 132, 
134. 

0069 Preferably, the filter media 130 is constructed from 
wrapped or wound layers of a corrugated, multilayered sheet. 
For example, referring to FIG. 2, the multilayered sheet 140 
of this construction is made from a planar layer 142 and a 
corrugated layer 144, both made from a fluid permeable filter 
paper material. The corrugated layer 144 is laid over and 
adhered to the planar layer 142 so that the corrugations form 
a plurality of parallel fluted channels 146. To produce the 
cylindrical shape of the filter media 130, the multilayered 
sheet 140 is spiral wound about a central rod 148 in radially 
increasing layers so that the channels 146 extend between the 
upstream and downstream faces 132,134. In an embodiment, 
the filter media 130 can be wrapped in an outermost, adhesive 
layer that holds the spiral-wound, multilayered sheet 140 
together. 
0070. To cause the fluids to pass through the planar and 
corrugated layers of filter paper 142,144 and thereby remove 
impurities, the each of the fluted channels 146 is configured 
with either an opening 150 or a plug 152 at its respective 
upstream and downstream faces 132, 134. For example, as 
illustrated in FIG. 1, a particular channel 146 that has an 
opening 150 at the upstream face 132 will also have a plug 
152 at the downstream face 134. The adjacent channel will be 
oppositely configured. Accordingly, fluids from the inlet 116 
will readily pass into those channels 146 that are unplugged at 
the upstream face 132. Because those same channels 146 are 
plugged at the downstream face 134, the fluids must proceed 
through the filter paper layers into a channel unplugged at the 
downstream face 134. To plug a particular channel, a drop of 
adhesive can be inserted into the channel. 

0071. To ensure that fluids flow through the filter media 
130 rather than any unoccupied portion of the internal volume 
114 remaining between the filter media and tubular filter 
housing 110 and thereby avoid filtration, the filter element 
112 proximate the downstream face 134 is configured to abut 
against a stepped Surface 160 formed into the filter housing. 
The stepped surface 160 includes a first annular shoulder 
portion 162 and a second annular shoulder portion 164 that 
are axially spaced-apart by an annular intermediate portion 
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166. The first and second shoulder portions 162, 164 and the 
intermediate portion 166 are all concentric about the axis line 
102 with the intermediate portion extending between the 
shoulder portions in a generally parallel orientation with the 
axis line. In the illustrated embodiment, the stepped surface 
160 thereby radially reduces the diameter of the cylindrical 
filter housing 110. 
0072 The filter element 112 also includes a compressible 
seal element 170 that creates a seal between the stepped 
surface 160 and the filter element when the filter element is 
inserted into and abuts against the filter housing 110. The seal 
element 170 is shaped as a ring-like structure that, in the 
cylindrical embodiment of the filter housing 110 and filter 
element 112, extends annularly about the axis line 102. As 
illustrated in FIG. 3, the cross-sectional shape of the seal 
element 170 itself is generally rectangular and includes a 
radially outward directed sealing Surface 172, a generally 
parallel and radially inward directed inner surface 174, and 
generally parallel, spaced-apart top and bottom surfaces 176, 
178. The seal element 170 can be made from any suitable 
material including, for example, molded urethane, nitrile rub 
ber, ethylene propylene or other synthetic rubbers. In fact, the 
material for the seal element, like the filter paper comprising 
the filter media, can be selected in response to the fluid orgas 
to be filtered in a particular application. 
0073. To engage the seal element 170 and the stepped 
surface 160 in a manner that creates the seal, the seal element 
is axially spaced-apart from the downstream face 134. There 
fore, when the filter element 112 is axially inserted into the 
filter housing 110, the sealing surface 172 of the seal element 
170 and intermediate portion 166 of the stepped surface 160 
slide into contact each other. When so engaged, the stepped 
surface 160 and the seal element 170 create an interference fit 
compressing the seal element and creating the seal. Addition 
ally, the top surface 176 of the seal element 170 and the 
annular second shoulder 164 of the stepped surface 160 abut 
against each other thereby furthering the sealing effect. 
0074 To connect the seal element 170 to the rest of the 

filter element 112, the filter element also includes an end cap 
180. The end cap 180 is a rigid, ring-like structure that, in the 
preferred embodiment illustrated in FIGS. 1 and 3, extends 
annularly about the axis line 102. The illustrated end cap 180 
has an L-shaped cross-section including a first leg 182 ori 
ented parallel to the axis line and a second leg 184 extending 
generally perpendicularly from the first leg radially inward 
toward the axis line. The end cap 180 engages a corner-like 
rim 188 of the filter media 130 formed by the intersection of 
the downstream face 134 and the cylindrical sidewall 138. 
When so engaged, the first leg 182 extends as an annular skirt 
about the filter media 130 while the second leg 184 is partially 
offset from the downstream face 134. The seal element 170 is 
attached to and projects in the axial direction from the second 
leg 184. The axial offset between the seal element 170 and the 
downstream face 134 of the filter media 130 functions as a 
stopping mechanism that axially positions the filter media 
within the filter housing 110. The end cap 180 and seal ele 
ment 170 also helps prevent denting or damaging of the filter 
media 130 proximate the downstream face 134 during inser 
tion of the filter element 112 into the filter housing 110. 
Additionally, the annular skirt-like structure provided by the 
first leg 182 of the end cap 180 helps hold the layers of the 
filter media 130 together. 
0075. In addition to the end cap 180, referring to FIG. 2, 
the filter element 112 may also include a grill plate 190. The 
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grill plate 190 is a rigid, planar structure that, when assembled 
to the filter element 112, lies across the downstream face 134 
and is retained thereto by the end cap 180. Axial forces from 
the fluid flowing through the filter media 130 are transferred 
by the grill plate 190 to the end cap 180 and are thereby 
directed to the filter housing 110. The grill plate 190 also 
prevents the radially inner core of the filter media 130 from 
being axially displaced due to the same forces. To allow fluids 
exiting the downstream face 134 to pass through the grill plate 
190, a plurality of slots 192 are disposed therein. In the 
embodiment illustrated in FIG. 2, the grill plate 190 is a 
separate circular plate that can be received within the end cap 
180 and abut against the radially inward directed second leg 
184, though, in other embodiments the grill cap may be 
formed integrally with the end cap or formed otherwise. Both 
the end cap and the grill plate can be made from any Suitable 
material including, for example, molded thermoplastic. 
(0076 Referring to FIG.3, to support the seal element 170 
against the stepped surface 160 and prevent distortion of the 
compressible seal material, in one aspect of the invention the 
filter element 110 includes a ring-like support member 200 
extending about the axis line 102. The support member 200 
can be made from a rigid material. Such as thermoplastic or 
metal, and is separate or distinct from the end cap 180 that 
connects the seal element 170 to the rest of the filter element 
112. In the illustrated embodiment, the support member 200 
is an annular band with a flat, rectangular cross-section that 
extends about and is generally parallel to the axis line 102. 
Furthermore, in the embodiment illustrated in FIG. 3, the 
support member 200 abuts against and extends axially from 
the second leg 184 of the end cap 180, but in other embodi 
ments can be spaced-apart from the second leg. The seal 
element 170 can be formed about the support member 200 so 
that the support member is located between the radially out 
ward directed sealing surface 172 and the radially inward 
directed inner surface 174. The top surface 176 of the seal 
element 170 extends across the support member 200 to main 
tain the integrity of the seal element. As will be appreciated by 
those of skill in the art, this construction can be accomplished 
where the seal element is made from a moldable material. 

(0077. To mechanically attach the seal element 170 to the 
end cap 180, as illustrated in FIG.4, or in other embodiments 
to the support member 200, projecting forks 202 can be 
formed as part of the end cap or Support member. As illus 
trated, each fork 202 includes a stem 206 projecting perpen 
dicularly from a surface 204 of the end cap 180 and crescent 
shaped furculum 208 formed at the tip of the stem which are 
generally parallel to and spaced-apart from the Surface. 
Accordingly, when the seal element 170 is molded about the 
support member 200, the seal material fills around the furcu 
lum 208 and stem 206 and thus the forks 202 hold the seal 
element fast to the surface 204. 

(0078 Referring to FIG. 5, there is illustrated an embodi 
ment of the invention in which the support member 300 abuts 
against the seal element 370, as opposed to the Support mem 
ber being molded within the seal element. As described 
above, the compressible seal element 370 extends about an 
axis line 302 and has a generally rectangular cross-section 
including a radially outward directed sealing surface 372, a 
spaced-apart radially inward directed inner surface 374, and 
generally parallel, spaced-apart top and bottom surfaces 376, 
378. To connect the Seal element 370 to the rest of the filter 
element 312, the filter element also includes a ring-like end 
cap 380. The illustrated end cap 380 is made from a rigid 
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material. Such as molded thermoplastic, and extends annu 
larly about the axis line 302. The end cap 380 has a first leg 
382 arranged parallel to the axis line 302 which engages a 
rim-like corner 388 of the filter media 330 and a second leg 
384 extending generally perpendicularly from the first leg 
radially toward the axis line and offset from the downstream 
face 334. The bottom Surface 378 of the Seal element 370 
abuts against the second leg 384 with the rest of the seal 
element projecting axially in the downstream direction. 
0079. To mechanically attach the seal element 370 to the 
end cap 380, an aperture 386 is perpendicularly disposed 
through the second leg 384. The seal element 370 includes a 
neck portion 390 protruding axially from the bottom surface 
378 that is received through the aperture 386. A flared head 
portion 392 is attached to the neck portion 390. Hence, the 
second leg 384 of the end cap 380 is clamped between the 
head portion 392 and the bottom surface 378 of the seal 
element 370. As will be appreciated by those of skill in the art, 
the described mechanical attachment can be readily produced 
by molding the seal element material to a pre-formed end cap. 
0080. To supportingly engage the seal element 370 with 
the support member 300, the support member is formed as a 
ring-like structure extending about the axis line 302 and that 
adjacently abuts the inner wall 374 of the seal element. By 
abutting the ring-like support member 300 against the inner 
wall 374, the seal element 370 is supported against the 
stepped surface 360 of the filter housing 310 thereby main 
taining a consistent seal between the filter element 312 and 
the filter housing. The cross-section of the illustrated support 
member 300 has a general mushroom shape including a 
wider, radially inward base portion 304 and a rounded, radi 
ally outward dome portion 306 that are interconnected by a 
narrow intermediate portion 308. To maintain engagement 
between the seal element 370 and the support member 300, 
the seal element defines a recessed groove 394 annularly 
disposed into the inner wall 374. The outward dome portion 
306 of the support member 300 can be received into the 
groove 394 such that fluid flowing through the filter assembly 
will not dislodge the Support member. 
I0081 Referring to FIG. 6, there is illustrated another 
embodiment of the invention wherein the support member 
400 includes a strengthening rib 404 (that connects to another 
spaced apart portion of the support member 400) to improve 
the support member's support of the compressible seal ele 
ment 470. The ring-like seal element 470 extends about an 
axis line 402 and has a generally rectangular cross-section 
including an radially outward directed sealing Surface 472, a 
spaced-apart radially inward directed inner Surface 474, and 
generally parallel, spaced-apart top and bottom surfaces 476, 
478. To connect the Seal element 470 to the rest of the filter 
element 412, the filter element also includes a ring-like end 
cap 480 made from a rigid material that extends about the axis 
line 402. The illustrated end cap 480 has a first leg 482 
arranged parallel to the axis line 402 which engages a rim-like 
corner 488 of the filter media 430 and a second leg 484 
extending generally perpendicularly from the first leg radially 
toward the axis line and offset from the downstream face 434. 
The bottom surface 478 of the seal element 470 abuts against 
the second leg 484 with the rest of the seal element projecting 
axially in the downstream direction. 
0082 To mechanically attach the seal element 470 to the 
end cap 480, an aperture 486 is perpendicularly disposed 
through the second leg 484 of the end cap. The seal element 
470 includes a neckportion 490 and a flared head portion 492 
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protruding axially from the bottom surface 378 through the 
aperture 486 to clamp about the second leg 484. 
I0083) To supportingly engage the seal element 470 with 
the support member 400, the support member is a ring-like 
structure extending about the axis line 402 and adjacently 
abuts the inner wall 474 of the seal element. By abutting the 
ring-like support member 400 against the inner wall 474, the 
seal element 470 is supported against the stepped surface 460 
of the filter housing 410 thereby maintaining a consistent seal 
between the filter element 412 and the filter housing. In the 
illustrated embodiment, the support member 400 has a 
D-shaped cross-section that includes a curved front Surface 
406 and a flat back surface 408. To maintain engagement 
between the seal element 470 and the support member 400, 
the seal element defines a recessed groove 494 annularly 
disposed into the inner surface 474. The curved front surface 
406 of the support member 400 can be received into the 
groove 494 such that fluid flowing through the filter assembly 
will not dislodge the Support member. 
I0084. The strengthening rib 404 is integral with and 
extends between the ring-like support member 400. As will be 
appreciated, in those embodiments in which the Support 
member 400 is circular, the rib 404 can extend across the 
diameter of the circular Support member or can extend as a 
Smaller cord. Additionally, multiple strengthening ribs 
arranged in a side-by-side manner can be provided extending 
between the support member. Furthermore, in the illustrated 
embodiment, the rib 404 depends axially toward the down 
stream face 434 of the filter media 430. Hence, in addition to 
strengthening the support member 400, the depending rib 404 
also prevents axial displacement of the filter media due to 
forces from the flowing fluids. The support member and 
strengthening rib can beformed from any Suitable rigid mate 
rial Such as, for example, molded thermoplastic. 
I0085. Referring to FIG. 7, there is illustrated another 
embodiment of the invention wherein the support member 
500 is, in addition to supporting the seal element 570, con 
nected to a grill plate 590 that is generally of the above 
described construction. The seal element 570 extends about 
an axis line 502 and has a generally rectangular cross-section 
including a radially outward directed sealing surface 572, a 
spaced-apart radially inward directed inner surface 574, and 
generally parallel, spaced-apart top and bottom surfaces 576, 
578. The illustrated support member 500 also extends about 
the axis line 502 and has a T-shaped cross-section including 
an annular first leg592 axially spaced-apart from and parallel 
to the downstream face 534 of the filter media 530 and a 
second leg 594 extending perpendicularly from the first leg in 
the axial direction. The seal element 570 is formed about the 
second leg 594 such that the bottom surface 578 abuts the first 
leg 592 and the seal material generally surrounds the second 
leg. As will be appreciated, the seal element 570 is thereby 
secured to the support member 500. In various embodiments, 
the second leg 594 can be formed as a continuous ring-like 
structure extending around the axis line 502 or can be formed 
as a plurality of posts radially-spaced along and extending 
from the annular first leg592. The grill plate 590 lies adjacent 
the downstream face 534 of the filter media 530 and is 
retained thereto by the first leg 592 of the support member 
SOO. 

I0086 To connect the seal element 570, support member 
500 and grill plate 590 to the rest of the filter element 512, the 
filter element also includes an end cap 580. The end cap 580 
is a rigid, ring-like structure that extends about the axis line 
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502. The end cap 580 engages a corner-like rim 588 of the 
filter media 530 formed by the intersection of the downstream 
face 534 and a sidewall 538. When so engaged, the end cap 
580 includes a tip portion 582 extending beyond the down 
stream face 534 that is formed with a radially inward project 
ing hook 584. As illustrated in FIG. 7, the hook 584 extends 
around the first leg 592 of the support member 500 and hooks 
into the outward directed sealing surface 572 of the compress 
ible seal element 570. Accordingly, the seal element 570, 
support member 500, and grill plate 590 are secured with 
respect to the filter media 530 and restrained against displace 
ment due to fluid forces. 

0087. Referring to FIG. 8, in an embodiment similar in 
construction to that illustrated in FIG. 7, to mechanically 
attach the seal element 670 to the support member 600, an 
aperture 686 is perpendicularly disposed through a first leg 
692 of the support member. The seal element 670 includes a 
neck portion 696 and a flared head portion 698 protruding 
axially from the bottom surface 678 of the seal element 
through the aperture 686 to clamp the first leg 692. Accord 
ingly, the seal element 670 is secured in place with respect to 
the rest of the filter element by both being formed about the 
second leg 694 and by the mechanical attachment to the first 
leg 692. 
I0088 Referring to FIG. 9, there is illustrated an embodi 
ment in which the support member 700 and the seal element 
770 are mechanically attached together. The compressible 
seal element 770 extends about an axis line 702 and has a 
generally rectangular cross-section including a radially out 
ward directed sealing surface 772, a spaced-apart radially 
inward directed inner surface 774, and generally parallel, 
spaced-apart top and bottom surfaces 776, 778. The ring-like 
support member 700 also extends about the axis line 702 and 
has a T-shaped cross-section including an annular first leg 792 
axially spaced-apart from and parallel to the downstream face 
734 of the filter media 730 and a second leg 794 extending 
perpendicularly from the first leg in the axial direction. The 
second leg 794 extends along the inner surface 774 of the seal 
element 770 while the first leg 792 abuts the bottom surface 
778 to support the seal element against the stepped surface 
760 of the filter housing 710. Also included is a grill plate 790 
that lies adjacent the downstream face 734 of the filter media 
730 and that is held in place by to the support member 700. 
0089. To connect the seal element 770 and support mem 
ber 700 to the rest of the filter element 712, the filter element 
includes a ring-like end cap 780 engaged to the filter media 
730 and which extends about axis line 702. The end cap 780 
includes a tip portion 782 extending beyond the downstream 
face 734 that is formed with a radially inward projecting hook 
784 that extends around the first leg 792 of the support mem 
ber 700 and hooks into the outward directed sealing surface 
772 of the compressible seal element 770. 
0090. To mechanically attach the support member 700 and 
seal element together 770, there is formed into the first leg 792 
of the support member one or more hollow knobs 796 that are 
directed toward the downstream face 734 of the filter media 
730. Furthermore, the seal element 770 includes at least one 
plug 798 projecting axially from the bottom surface 778 that 
corresponds in position to and can be received in a Void 
defined by the hollow knob 796. As will be readily appreci 
ated, receiving the plug. 798 into the hollow knob 796 can be 
accomplished in various ways such as by molding the seal 
element 770 to the support member 700 or by pre-molding the 
seal element and attaching it to the Support member. As will 
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also be appreciated, where the support member 700 includes 
multiple hollow knobs 796 formed about the ring-like support 
member, the seal element 770 can include multiple plugs 798 
each corresponding to a knob. 
(0091 Referring to FIG. 10, there is illustrated another 
embodiment, similar in construction to that illustrated in FIG. 
9, in which the compressible seal element 870 is both formed 
about and mechanically attached to the rigid support member 
800. The Seal element 870 extends about an axis line 802 and 
has a generally rectangular cross-section including a radially 
outward directed sealing Surface 872, a spaced-apart radially 
inward directed inner surface 874, and generally parallel, 
spaced-apart top and bottom surfaces 876, 878. The illus 
trated support member 800 also extends about the axis line 
802 and has a T-shaped cross-section including an annular 
first leg 892 axially spaced-apart from and parallel to a down 
stream face 834 of the filter media 830 and a second leg 894 
extending perpendicularly from the first leg in the axial direc 
tion. The seal element 870 is formed about the support mem 
ber 800 such that bottom surface 878 abuts the first leg 892 
and the seal material generally surrounds the second leg 894. 
Additionally, a grill plate 890 can be located between the 
second leg 892 and the downstream face 834 of the filter 
media 830. 
0092. To provide the mechanical attachment, there is 
formed into the first leg 892 of the support member 800 one or 
more hollow knobs 896 that are directed toward the down 
Stream face 834 of filter media 830. The Seal element 870 
includes at least one plug 898 projecting axially from the 
bottom surface 878 that corresponds in position to and can be 
received in a void defined by the hollow knob 896 thereby 
further attaching the seal element to the support member 800. 
In the illustrated embodiment, there is disposed through the 
knob 896 a slit 899 that allows the seal material from the plug 
898 to extrude partially about the knob and the first leg 892 
further improving the mechanical attachment. 
(0093. Referring to FIG. 11, there is illustrated another 
embodiment wherein the separate support member 900 
includes a strengthening rib 904 to improve the support mem 
ber's support of the seal element 970. The compressible seal 
element 970 extends about an axis line 902 and has a gener 
ally rectangular cross-section including a radially outward 
directed sealing surface 972, a spaced-apart radially inward 
directed inner surface 974, and generally parallel, spaced 
apart top and bottom surfaces 976, 978. To attach the seal 
element 970 to the rest of the filter element 912, the filter 
element also includes an end cap 980 that extends about the 
axis line 902. The illustrated end cap 980 has an L-shaped 
cross-section including a first leg 982 oriented parallel to the 
axis line 902 and a second leg 984 extending perpendicularly 
from the first leg radially inward toward the axis line. The end 
cap 980 engages a corner-like rim988 of the filter media 930. 
The bottom surface 978 of the seal element 970 abuts against 
the second leg984 with the rest of the seal element projecting 
axially in the downstream direction. 
(0094) To mechanically attach the seal element 970 to the 
end cap 980, an aperture 986 is perpendicularly disposed 
through the second leg 984 of the end cap. The seal element 
970 includes a neck portion 990 protruding axially from the 
bottom surface 978 through the aperture 986 and a flared head 
portion 992 that clamps about the second leg 984. 
0.095 To supportingly engage the seal element 970 with 
the support member 900, the support member is a ring-like 
structure extending about the axis line 902. In the illustrated 
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embodiment, the cross-section of the Support member is gen 
erally T-shaped including an annular first leg 996 axially 
spaced-apart from and parallel to the downstream face 934 of 
the filter media 930 and a second leg 998 extending perpen 
dicularly from the first leg in the axial direction. The seal 
element 970 is formed about the second leg 998 such that the 
bottom surface 978 abuts against the first leg 996 and the seal 
material generally Surrounds the second leg. 
0096. The strengthening rib 904 is joined to and extends 
from the first leg 996 across the ring-like support member 
900. As will be appreciated, in those embodiments in which 
the support member 900 is circular, the rib 904 can extend 
across the diameter of the circular Support member or can 
extend as a smaller cord. Furthermore, in the illustrated 
embodiment, the rib 904 depends axially toward the down 
stream face 934 of the filter media 930, thereby preventing 
axial displacement of the filter media. 
0097. There is illustrated in FIG. 12 another embodiment 
of the filter element 1012 wherein the compressible seal ele 
ment 1070 is mechanically attached to the rigid end cap 1080. 
The Seal element 1070 extends about the axis line 1002 and 
has a generally rectangular cross-section including a radially 
outward directed sealing surface 1072, a spaced-apart radi 
ally inward directed inner surface 1074, and generally paral 
lel, spaced-apart top and bottom surfaces 1076, 1078. The 
illustrated end cap 1080 also extends about the axis line 1002 
and has a general L-shaped cross-section including a first leg 
1082 parallel to the axis line for engaging the filter media 
1030 and a second leg 1084 extending perpendicularly from 
the first leg and offset from the downstream face 1034 of the 
filter media 1030. To mechanically attach the seal element 
1070 and the end cap 1080, the end cap includes at least one 
hollow knob 1086 that can receive a plug 1088 projecting 
from the bottom surface 1078 of the seal element. 

0098. To support the seal element 1070 against the filter 
housing 1010, a separate ring-like support member 1000 
extends about the axis line 1002 and runs along the inner 
surface 1074 of the seal element. The support member 1000 
includes a tubular portion 1092 which is parallel to the axis 
line 1002 and a conical portion 1094 that projects radially 
inward from the tubular portion. It will be appreciated that the 
conical portion 1094 facilitates assembling the seal element 
1070 and support member 1000 by enabling axially inserting 
the support member into the annular seal element. Preferably, 
in the illustrated embodiment, the seal element 1070 includes 
a backdraft 1096 proximate the top surface 1076 that extends 
partly over the tubular portion 1092 when the support mem 
ber is correctly inserted. To strengthen the support member 
1000, a strengthening rib 1004 can extend from the conical 
portion 1094 across the ring-like support member. As 
described above, when the support member 1000 is circular, 
the strengthening rib 1004 can extend as a diameter or a 
chord, and that multiple strengthening ribs can be provided in 
a side-by-side arrangement. 
0099 Referring to FIG. 13, there is illustrated another 
embodiment in which the strengthening rib 1104 of the Sup 
port member 1100 can engage the grill plate 1190. In addition 
to the support member 1100 and the grill plate 1190, the 
embodiment of FIG. 11 includes the ring-like seal element 
1170 that extends about the axis line 1102. The seal element 
1170 includes a radially outward directed sealing surface 
1172, a spaced-apart, radially inward directed inner surface 
1174, and generally parallel, spaced-apart top and bottom 
surfaces 1176, 1178. To connect the seal element 1170 to the 
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rest of the filter element 1112, the filter element also includes 
an end cap 1180 that engages the filter media 1130. The end 
cap 1180 has first, skirt-like leg 1182 that is arranged parallel 
to the axis line 1102 which engages the filter media 1130 and 
a second leg 1184 extending perpendicularly from the first leg 
radially toward the axis line and offset from the downstream 
face 1134. To mechanically attach the seal element 1170 and 
the end cap 1180, a hollow knob 1192 is formed into the 
second leg 1184 that can receive a plug 1194 projecting from 
bottom Surface 1178. 

0100. The ring-like support member 1100 extends about 
the axis line 1102 and adjacently abuts against the inner 
surface 1174 of the seal element 1170 to support the seal 
element against the filter housing 1110. The strengthening rib 
1104 is integral with and extends from the support member 
1100 generally adjacent to the downstream face 1134 of the 
filter media 1130. Also located adjacent the downstream face 
1134 is the grill plate 1190, which can be formed integrally 
with the end cap 1180 or formed separately. To engage the 
support member 1100 and grill plate 1190, posts 1106 extend 
from the strengthening rib 1104 parallel to the downstream 
face 1134 that can be received between pairs offingers 1108 
that project from the grill plate. The posts 1106 can be 
received between the fingers 1108 in a snap-fit manner so that 
the grill plate 1190 holds the support member 1100 in place. 
0101 Referring to FIG. 14, there is illustrated another 
embodiment in which the grill plate 1290 can be formed 
integrally with one or more strengthening ribs 1204 of the 
support member 1200. The ring-like support member 1200 
extends about the axis line 1202 and includes an axially 
parallel straight portion 1206 and a radially outward project 
ing stepped portion 1208. The strengthening ribs 1204 extend 
generally from the straight portion 1206 across the ring-like 
support member 1200. The grill plate 1290 can be suspended 
between multiple ribs 1204 that are aligned side-by-side 
across the downstream face 1234 of the filter media 1230. The 
ribs 1204 and grill plate 1290 can be adjacent to the down 
stream face 1234 or, as illustrated, can be spaced-apart by a 
slight gap indicated by arrows 1292. In addition to the integral 
grill plate 1290 and support member 1200, the embodiment of 
FIG. 12 includes a ring-like seal element 1270 that extends 
about the axis line 1202. The seal element 1270 is formed 
about the straight portion 1206 of the support member 1200 
so that the support member is located between the radially 
outward directed sealing surface 1272 and the radially inward 
directed inner surface 1274 and thus supports the seal element 
against the filter housing 1210. 
0102) To connect the seal element 1270, separate support 
member 1200, and grill plate 1290 to the rest of the filter 
element 1212, the filter element includes an end cap 1280. 
The illustrated end cap 1280 includes a skirt-like first leg 
1282 that extends about the Sidewall 1238 of the filter media 
1230 and beyond the downstream face 1234. Formed at the 
end of the first leg 1282 is a radially inward directed flange 
1284 that extends beyond and overlaps a radially outward 
directed step 1298 projecting from the stepped portion 1208 
of the support member 1200. By receiving the step 1298 
between the overlapping flange 1284 and downstream face 
1234 of the filter media 1230, the support member 1200, the 
seal element 1270, the strengthening rib 1204, and the grill 
plate 1290 are secured to the rest of the filter element 1212. A 
compressible, annular gasket 1288 is located between the 



US 2011/O 197556 A1 

flange 1284 and the step 1298 to allow for limited sliding 
movement in the axial direction between the end cap 1280 
and support member 1200. 
(0103 Referring to FIG. 15, there is illustrated another 
embodiment of a filter assembly 1300 in which, in another 
aspect of the invention, the compressible seal element 1370 is 
connected to the rest of the filter element 1312 by being 
formed directly onto a portion of the rigid end cap 1380. The 
ring-like seal element 1370 extends about the axis line 1302 
and includes a radially outward directed sealing surface 1372, 
a spaced-apart, radially inward directed inner surface 1374, 
and generally parallel, spaced-apart top and bottom Surfaces 
1376, 1378. The ring-like endcap 1380 also extends about the 
axis line 1302 and includes a skirt-like first leg 1382 that 
engages the corner-like rim 1388 of the filter media 1330. The 
end cap 1380 also includes a second leg 1384 that extends 
beyond the downstream face 1334 of the filter media 1330. 
The cross-section of the second leg 1384, however, is formed 
with a wave-like shape that gradually curves radially inward 
as the second leg extends in the axial direction. Hence, at least 
substantial portions of the second leg 1380 are not parallel 
with the axis line 1302. As will be appreciated, in those 
embodiments in which the filter components are circular, the 
second leg 1384 will produce an annular shell of varying 
diameters as the second leg extends in the axial direction. 
0104. To attach the seal element 1370 to the second leg 
1384, the seal material is molded about the second leg such 
that the second leg is located between the radially outward 
directed sealing surface 1372 and the radially inward directed 
inner surface 1374. The seal element 1370 is therefore posi 
tioned against the stepped surface 1360 of the filter housing 
1310. Because of the wave-like shape of the second leg 1384, 
the molded seal element 1370 is sufficiently restrained 
against detaching from the end cap 1380. To improve the 
strength of the end cap 1380, a strengthening rib 1304 can be 
included that extends across the second leg 1384 of the ring 
like end cap. Preferably, the embodiment illustrated in FIG. 
15 does not include a separate Support member for Supporting 
the seal element. However, it should be recognized that in 
different embodiments a separate Support member be can 
utilized as described above. 

0105. Referring to FIG. 16, there is illustrated another 
embodiment in which the compressible seal element 1470 is 
connected to the rest of the filter element 1412 by being 
formed directly onto a portion of the rigid end cap 1480. The 
ring-like seal element 1470 extends about the axis line 1402 
and includes a radially outward directed sealing surface 1472, 
a spaced-apart, radially inward directed inner Surface 1474, 
and generally parallel, spaced-apart top and bottom Surfaces 
1476, 1478. The ring-like end cap 1480 also extends about the 
axis line 1402 and includes a skirt-like first leg 1482 that 
engages the corner-like rim 1488 of the filter media 1430 and 
a second leg 1484 to which the seal element 1470 is attached. 
A third leg 1486 interconnects the first and second legs 1482, 
1484 by extending at an angle such that the second leg is 
situated radially inward of the first leg. 
0106 The second leg 1484 is generally curved so that it 
arcs away from the axis line 1402 and, hence, at least Sub 
stantial portions of the second leg are not parallel with the axis 
line. Accordingly, where the components of the filter assem 
bly are generally circular, the second leg 1484 provides a 
generally hyperbolic-shaped shell about the axis line 1402. 
To attach the seal element 1470 to the second leg 1484, the 
seal material is molded about the second leg such that the 
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second leg is located between the radially outward directed 
sealing surface 1472 and the radially inward directed inner 
surface 1474. Because of the hyperbolic shape of the second 
leg 1484, the molded seal element 1470 is sufficiently 
restrained against detaching from the end cap 1480. Addition 
ally, while the embodiment illustrated in FIG. 16 preferably 
does not include a separate Support member for Supporting 
the seal element against the filter housing, it should be appre 
ciated that in other embodiments, such a Support member can 
be included. 

0107 Referring to FIG. 17, there is illustrated another 
embodiment in which the compressible seal element 1570 is 
connected to the rest of the filter element 1512 by being 
formed directly onto a portion of the rigid end cap 1580. The 
ring-like seal element 1570 extends about the axis line 1502 
and includes a radially outward directed sealing surface 1572, 
a spaced-apart, radially inward directed inner surface 1574, 
and generally parallel, spaced-apart top and bottom Surfaces 
1576, 1578. The ring-like endcap 1580 also extends about the 
axis line 1502 and includes a skirt-like first leg 1582 that 
engages the corner-like rim 1588 of the filter media 1530 and 
a second leg 1584 to which the seal element 1570 is attached. 
A third leg 1586 interconnects the first and second legs 1582, 
1584 by extending at an angle such that the second leg is 
situated radially inward of the first leg. 
0108. Unlike the first and third legs 1582, 1586 that are 
formed with a generally consistent thickness, the second leg 
1584 is formed with an enlarged lobe portion 1590. Hence, a 
least a substantial portion of the second leg 1584 is not par 
allel with the axis line 1502. The lobe portion 1590 substan 
tially enlarges the end cap 1580 and provides an object around 
which the seal material can be molded. Accordingly, with the 
seal element 1570 attached to the end cap 1580, the lobe 
portion 1590 is generally located between the radially out 
ward directed sealing surface 1572 and the radially inward 
directed inner surface 1574. Because of the enlarged lobe 
portion 1590, the molded seal element 1570 is sufficiently 
restrained against detaching from the end cap 1580. Addition 
ally, while the embodiment illustrated in FIG. 17 preferably 
does not include a separate Support member for Supporting 
the seal element against the filter housing, it should be appre 
ciated that in other embodiments, such a Support member can 
be included. 

0109 Referring to FIG. 18, there is illustrated another 
embodiment in which the compressible seal element 1670 is 
connected to the rest of the filter element 1612 by being 
formed directly onto a portion of the rigid end cap 1680. The 
ring-like seal element 1670 extends about the axis line 1602 
and includes a radially outward directed sealing surface 1672, 
a spaced-apart, radially inward directed inner surface 1674, 
and generally parallel, spaced-apart top and bottom Surfaces 
1676, 1678. The ring-like endcap 1680 also extends about the 
axis line 1602 and includes a skirt-like first leg 1682 that 
engages the corner-like rim 1688 of the filter media 1630 and 
a second leg 1684 to which the seal element 1670 is attached. 
A third leg 1686 interconnects the first and second legs 1682, 
1684 by extending at an angle such that the second leg is 
situated radially inward of the first leg. 
0110. The second leg 1684, which also extends about the 
axis line 1602, is considerably thicker where it joins the third 
leg 1686 but tapers in the axially direction to a thinner tip 
portion 1690. Hence, at least a substantial portion of the 
second leg 1684 is not parallel to the axis line 1602. Prefer 
ably, the third leg 1686 tapers generally at an angle of about 5 
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degrees from the axis line 1602. Furthermore, at least one 
surface of the second leg 1684 can be serrated or grooved to 
provide a plurality of notches 1692. To attach the seal element 
1670 to the second leg 1684, the seal material is molded about 
the second leg. Such that the second leg is located between the 
radially outward directed sealing surface 1672 and the radi 
ally inward directed inner surface 1674. Because of the 
notches 1692 provided in the second leg 1684, the molded 
seal element 1670 is sufficiently restrained against detaching 
from the end cap 1680. Additionally, while the embodiment 
illustrated in FIG. 18 preferably does not include a separate 
Support member for Supporting the seal element against the 
filter housing, it should be appreciated that in other embodi 
ments, such a Support member can be included. 
0111 Referring to FIG. 19, there is illustrated another 
embodiment in which the compressible seal element 1770 is 
connected to the rest of the filter element 1712 by being 
formed directly onto a portion of the rigid end cap 1780. The 
ring-like seal element 1770 extends about the axis line 1702 
and includes a radially outward directed sealing surface 1772, 
a spaced-apart, radially inward directed inner surface 1774, 
and generally parallel, spaced-apart top and bottom Surfaces 
1776, 1778. The ring-like endcap 1780 also extends about the 
axis line 1702 and includes a skirt-like first leg 1782 that 
engages the corner-like rim 1788 of the filter media 1730 and 
a second leg 1784 to which the seal element 1770 is attached. 
A third leg 1786 interconnects the first and second legs 1782, 
1784 by extending at an angle such that the second leg is 
situated radially inward of the first leg. 
0112. The second leg 1784 extends from the third leg 1786 
at a radially inward angle with respect to the axis line 1702 
Such that the second leg is not parallel with the axis line. 
Preferably, the angle, designated as 1790 in FIG. 19, is 
approximately 10 degrees. Accordingly, in the embodiments 
where the filter assembly components are circular, it will be 
appreciated that the second leg 1784 generally forms a cone 
as it extends about the axis line 1702. To attach the seal 
element 1770 to the second leg 1784, the seal material is 
molded about the second leg such that the second leg is 
located between the radially outward directed sealing surface 
1772 and the radially inward directed inner surface 1774. 
Because of the angle 1790 with which the second leg 1784 is 
oriented with respect to the axis line 1702, the molded seal 
element 1770 is sufficiently restrained against detaching from 
the end cap 1780. Additionally, while the embodiment illus 
trated in FIG. 19 preferably does not include a separate Sup 
port member for Supporting the seal element against the filter 
housing, it should be appreciated that in other embodiments, 
Such a Support member can be included. 
0113 Referring to FIG. 20, there is illustrated another 
embodiment in which the compressible seal element 1870 is 
connected to the rest of the filter element 1812 by being 
formed directly onto a portion of the rigid end cap 1880. The 
ring-like seal element 1870 extends about the axis line 1802 
and includes a radially outward directed sealing surface 1872, 
a spaced-apart, radially inward directed inner surface 1874, 
and generally parallel, spaced-apart top and bottom Surfaces 
1876, 1878. The ring-like endcap 1880 also extends about the 
axis line 1802 and includes a skirt-like first leg 1882 that 
engages the corner-like rim 1888 of the filter media 1830 and 
a second leg 1884 to which the seal element 1870 is attached. 
A third leg 1886 interconnects the first and second legs 1882, 
1884 by extending at an angle such that the second leg is 
situated radially inward of the first leg. 
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0114. The second leg 1884 extends from the third leg 1886 
at a radially outward angle with respect to the axis line 1802 
Such that the second leg is not parallel with the axis line. 
Preferably, the angle, designated by 1890 in FIG. 20, is 
approximately 5 degrees. Additionally, the second leg 1884 
has formed at its distal tip a radially outward directed flange 
1892. Accordingly, in the embodiments where the filter 
assembly components are circular, it will be appreciated that, 
as the end cap 1880 extends about the axis line 1802, the 
flange 1892 forms a flat annular surface extending from the 
shell defined by the second leg 1884. To attach the seal ele 
ment 1870 to the second leg 1884, the seal material is molded 
about the second leg and the flange 1892 such that the second 
leg is located between the radially outward directed sealing 
surface 1872 and the radially inward directed inner surface 
1874. Furthermore, there can be disposed through the flange 
1892 a plurality of axially oriented holes 1894 that can 
receive seal material during molding. Because of the flange 
1892 and seal material receiving holes 1894, the molded seal 
element 1870 is sufficiently restrained against detaching from 
the end cap 1880. Additionally, while the embodiment illus 
trated in FIG. 20 preferably does not include a separate Sup 
port member for Supporting the seal element against the filter 
housing, it should be appreciated that in other embodiments, 
Such a Support member can be included. 
0115 Referring to FIG. 21, there is illustrated another 
embodiment in which the compressible seal element 1970 is 
formed onto the rigid end cap 1980 which in turn is taped to 
the rest of the filter element 1912. The ring-like seal element 
1970 extends about the axis line 1902 and includes a radially 
outward directed sealing surface 1972, a spaced-apart, radi 
ally inward directed inner surface 1974, and generally paral 
lel, spaced-apart top and bottom surfaces 1976, 1978. The end 
cap 1980, which also extends about the axis line 1902 in a 
ring-like fashion, includes a first leg 1982 and a second leg 
1984 joined together at an angle. Accordingly in those 
embodiments wherein the filter elements are circular, the end 
cap 1980 forms a shell appearing as two abutting cones of 
differing angles extending about the axis line 1902. 
0116. The end cap 1980 is oriented such that the first leg 
1982 abuts against the downstream face 1934 of the filter 
media 1930 and the second leg 1984 is axially directed toward 
the outlet of the filterhousing 1910. Preferably, the second leg 
1984 is oriented to forman angle 1990 with respect to the axis 
line 1902 of approximately 10 degrees. To attach the end cap 
1980 to the rest of the filter element 1912, a length of tape 
1990 is fastened about the first leg 1982 and the sidewall 1938 
of the filter media 1930. 

0117 Referring to FIG. 22, there is illustrated another 
embodiment in which the compressible seal element 2070 is 
formed onto a rigid end cap 2080 that in turn is attached to the 
rest of the filter assembly 2012. The ring-like seal element 
2070 extends about the axis line 2002 and includes a radially 
outward directed sealing Surface 2072, a spaced-apart, radi 
ally inward directed inner surface 2074, and generally paral 
lel, spaced-apart top and bottom surfaces 2076, 2078. The 
ring-like end cap 2080 also extends about the axis line 2002 
and includes a skirt-like first leg 2082 that engages the corner 
like rim 2088 of the filter media 2030 and a second leg 2084 
to which the seal element 2070 is attached. A third leg 2086 
interconnects the first and second legs 2082, 2084 and 
extends from the first leg at a radially inward directed angle. 
The second leg 2084, in turn, extends from the third leg 2086 
at a radially outward directed angle Such that the second and 
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third legs diverge from their common joining point. Prefer 
ably, the second leg 2084 extends so as to form an angle 2090 
of approximately 60 degrees with respect to the axis line 
2002. Accordingly, where the components of the filter ele 
ment are circular, the second and third legs 2084, 2086 form 
a shell appearing as two cones abutted together at their nar 
rower ends as the end cap 2080 extends about the axis line 
2002. 

0118. To attach the seal element 2070 to the second leg 
2084, the seal material is molded about the second leg such 
that the second leg extends into the inner surface 2074 and 
partway across the seal element to the outer sealing Surface 
2072. Some of the seal material proximate the bottom surface 
2078 can collect between the angularly interconnected sec 
ond and third legs 2084, 2086. Formed at the distal tip of the 
second leg 2084 is an axially extending flange 2092 while 
formed into the second leg are a plurality of axially aligned 
holes 2094. It will be appreciated that the flange 2092 can 
have the same material thickness as the second leg 2084, a 
reduced thickness, or an increased thickness. Because of the 
flange 2092 and seal material receiving holes 2094, the 
molded seal element 2070 is sufficiently restrained against 
detaching from the end cap 2080. Additionally, while the 
embodiment illustrated in FIG.22 preferably does not include 
a separate Support member for Supporting the seal element 
against the filterhousing, it should be appreciated that in other 
embodiments, such a Support member can be included. 
0119. In accordance with another aspect of the invention, 
the seal element can be supported against the housing by a 
plurality of posts. Referring to FIG. 23, there is illustrated 
another embodiment wherein the seal element 2170 is con 
nected to the rest of the filter element 2112 by a rigid end cap 
2180 formed with a plurality of posts 2182. As described 
above, the ring-like seal element 2170 extends about the axis 
line 2102 and has a generally rectangular cross-section 
including a outward directed sealing Surface 2172, a spaced 
apart, radially inward directed inner Surface 2174, and gen 
erally parallel, spaced-apart top and bottom surfaces 2176, 
2178. The ring-like end cap 2180 also extends about the axis 
line 2102 and includes a skirt-like first leg 2184 that engages 
the corner like rim 2188 of the filter media 2130. Extending 
radially inward from the first leg 2184 is a second leg 2186 
that is spaced apart from and generally parallel to the down 
stream face 2134 of the filter media 2130. To support the 
second leg 2186 in its spaced-apart relationship with the 
downstream face 2134, the end cap 2180 also includes one or 
more support studs 2190 that depend from the second leg to 
abut against the filter media 2130. 
0120) To attach the seal element 2170 to the end cap 2180 
with the plurality of posts 2182, the posts extend perpendicu 
larly from the second leg 2186 in the direction away from the 
filter media 2130. The posts 2182 are formed about the ring 
like end cap 2180 to encircle the axis line 2102 and can be 
spaced-apart from each other at any suitable distance includ 
ing, for example, every 2 to 3 inches. The seal element 2170 
can be formed about the posts 2182 so that the posts are 
sandwiched between the radially outward directed sealing 
surface 2172 and the radially inward directed inner surface 
2174. Furthermore, the bottom surface 2178 abuts against the 
second leg 2186 so that the seal element 2170 is axially offset 
from the downstream face 2134. In addition to connecting the 
seal element 2170 to the rest of the filter element 2112, the 
posts 2182 help support the seal element against the stepped 
surface 2160 of the filter housing 2110. 
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I0121. In the illustrated embodiment, to assist in support 
ing the seal element 2170, the filter element 2112 can include 
a separately formed, ring-like support member 2100 that 
extends about and abuts against the inner surface 2174. 
0.122 Also illustrated in FIG. 23 is a secondary or safety 

filter element 2192 located downstream of the fluted filter 
element 2112. The safety filter element 2192 is provided in 
case the fluted filter element 2112 fails or becomes displaced. 
The safety filter element 2192 includes a rigid support frame 
2194 with a depending handle 2196 and a seal 2198 that 
engages the filter housing 2110. 
I0123 Referring to FIG. 24, there is illustrated another 
embodiment wherein the seal element 2270 is connected to 
the rest of the filter element 2212 by an end cap 2280 having 
a plurality of posts 2282. The seal element 2270 and end cap 
2280 are similar in design to the embodiment illustrated in 
FIG. 23 including the plurality of posts 2282 sandwiched 
between a radially outward directed sealing surface 2272 and 
a radially inward directed inner surface 2276 of the seal 
element. In the illustrated embodiment, however, the posts 
2282 are formed about the axis line 2202 at a closer distance 
to each other, such as, for example, 0.5 inches apart. Because 
of the reduced distance between posts 2282, it will be appre 
ciated that the end cap 2280 will include a greater number of 
posts. Because the greater number of posts 2282 provides 
adequate Support for the seal element 2270, a separate Support 
member is unnecessary in the present embodiment. 
0.124 Referring to FIG. 25, there is illustrated another 
embodiment where the seal element 2370 is connected to the 
rest of the filter element 2312 by an end cap 2380 having a 
plurality of posts 2382. The ring-like seal element 2370 
extends about the axis line 2302 and includes a radially out 
ward directed sealing Surface 2372, a spaced-apart, radially 
inward directed inner surface 2374, and generally parallel, 
spaced-apart top and bottom surfaces 2376, 2378. The ring 
like end cap 2380 also extends about the axis line 2302 and 
includes a skirt-like first leg 2384 that engages the corner-like 
rim 2388 of the filter media 2330 and a second leg 2386 that 
extends parallel to and spaced-apart from the downstream 
face 2334 of the filter media 2330. The posts 2382 extend 
from the second leg 2386 in a direction away from the filter 
media 2330 and are sandwiched between the radially outward 
directed sealing surface 2372 and the radially inward directed 
inner surface 2374 of the seal element 2370. The posts 2382 
can be spaced-apart from each other at any Suitable distance 
Such as, for example, every 2 to 3 inches. 
0.125 To assist the posts 2382 in supporting the seal ele 
ment 2370 against the stepped surface 2360 of the filter hous 
ing 2310, the filter element 2312 includes a separate support 
member 2300. The support member 2300 has an annular base 
portion 2392 that is arranged parallel to and spaced-apart 
from the downstream face 2334 of the filter media. To space 
the base portion 2392 from the downstream face 2334, one or 
more support studs 2394 depend from the base portion to abut 
against the filter media 2330. To secure the support member 
2300 in place with respect to the filter media 2330, the second 
leg 2386 of the end cap 2380 can engage the base portion 
2392. The support member 2300 also includes a ring-like 
support flange 2398 that extends from the base portion 2394 
adjacent to the inner surface 2374, thereby supporting the seal 
element 2370 against the filter housing 2310. 
0.126 Referring to FIG. 26, there is illustrated another 
embodiment wherein the seal element 2470 is connected to 
the rest of the filter element 2412 by an end cap 2480 formed 
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with a plurality of posts 2482. The ring-like seal element 2470 
extends about the axis line 2402 and includes a radially out 
ward directed sealing Surface 2472, a spaced-apart, radially 
inward directed inner surface 2474, and generally parallel, 
spaced-apart top and bottom surfaces 2476, 2478. The ring 
like end cap 2480 also extends about the axis line 2402 and 
includes a skirt-like first leg 2484 that engages the corner-like 
rim 2488 of the filter media 2430. A second leg 2486 extends 
from the first leg 2484 and is spaced-apart from the down 
stream surface 2434 of the filter media 2430 by one or more 
support studs 2490. Rather than extending completely paral 
lel to the downstream face 2434, the second leg 2486 includes 
a raised shoulder 2488 that depends away from the filter 
media 2430 proximate the support stud 2490. The raised 
shoulder portion 2488 can provide the end cap 24.80 with 
structural rigidity. 
0127. The posts 2482 extend perpendicularly from the 
second leg 2486 to encircle the axis line 2402.The posts 2482 
can be spaced-apart from each other at any Suitable distance 
such as, for example, every 0.25 inches. In the illustrated 
embodiment, the posts 2482 extend adjacent to and abut 
against the inner surface 2474 of the seal element 2470 to 
support the seal element against the filter housing 2410. To 
mechanically attach the seal element 2470 to the end cap 
2480, there is disposed through the second leg 2486 radially 
outward of the posts 2482 a plurality of apertures 2492. A 
flared head portion 2494 protrudes from the bottom surface 
2478 of the seal element 2470 through each of the apertures 
2492 to clamp the seal element to the second leg 2486. 
0128 Referring to FIG. 27, there is illustrated another 
embodiment wherein the seal element 2570 is connected to 
the rest of the filter element 2512 by an end cap 2580 formed 
with a plurality of posts 2582. The filter element 2512 is 
similar in design to the embodiment illustrated in FIG. 26 and 
includes a ring-like end cap 2580 having a first leg 2584 
engaging a corner-like rim 2588 of the filter media 2530 and 
a second leg 2586 spaced-apart from the downstream face 
2534 by a support stud 2590. Instead of being arranged par 
allel to the downstream face 2534, the second leg 2586 
includes a slanted portion 2592 that depends from the first leg 
2584 toward the filter media 2530 and a raised shoulder 
portion 2594 proximate to the support stud 2590. The slanted 
portion 2592 and the raised shoulder portion 2594 provide the 
second leg with structural rigidity. 
0129. In another aspect of the invention, the seal element 
can be received in a slotted member for connecting the seal 
element to the rest of the filter element. For example, referring 
to FIG. 28, the ring-like seal element 2670 extends about the 
axis line 2602 and has a radially outward directed sealing 
surface 2672, a radially inward directed inner surface 2674, 
and generally parallel, spaced-apart top and bottom Surfaces 
2676, 2678. The filter element 2612 also includes a ring-like 
end cap 2680 that engages a corner-like rim 2688 of the filter 
media 2630. The end cap 2680 includes a grill plate 2682 that 
extends across the downstream face 2634 to assist in prevent 
ing displacement of the filter media 2630. 
0130. In the embodiment illustrated in FIG. 28, the slotted 
member 2690 is formed as an integral part of the end cap 2680 
and extends in a skirt-like fashion adjacent to the sidewall 
2638 of the filter media 2630 about the axis line 2602. The 
slotted member 2690 defines a radially outward directed slot 
2692 that can retentively receive the seal element 2670. 
Because the slotted member 2690 extends adjacent to the 
sidewall 2638 of the filter media 2630, both the slotted mem 
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ber and the seal element 2670 are situated away from the 
downstream face 2634 and toward the inlet of the filter hous 
ing 2610. Hence when the filter element 2612 is inserted into 
the filter housing 2610, the seal element 2670 is supported 
against the filter housing upstream of the stepped surface 
2660. 

I0131 Referring to FIG. 29, in another embodiment, the 
Seal element 2770 can be received in a slotted member 2790 
that is separate from the end cap 2780. The ring-like end cap 
2780 engages a corner-like rim 2788 of the filter media 2730 
and includes a grill plate 2782 that extends adjacent to the 
downstream face 2734 to assist in preventing displacement of 
the filter media. The slotted member 2790 is formed as an 
annular band that extends adjacently about the sidewall 2738 
of the filter media 2730 and defines a radially outward 
directed slot 2792 that can receive the Seal element 2770. 
Furthermore, the slotted member 2790 is spaced away from 
the downstream face 2734 and the end cap 2780 and toward 
the inlet of the filter housing 2710. Hence, when the filter 
element 2712 is inserted into the filter housing 2710, the seal 
element 2770 is supported against the filter housing upstream 
of the stepped surface 2760. 
(0132 Referring to FIG.30, there is illustrated an embodi 
ment of a filter element 2812 in which the slotted member 
2890 for connecting the seal element 2870 to the rest of the 
filter element is formed integrally with the grill plate 2894 but 
separately from the end cap 2880. The ring-like seal element 
2870 has a radially outward directed sealing surface 2872, a 
radially inward directed inner surface 2874, and generally 
parallel, spaced-apart top and bottom surfaces 2876, 2878. 
The grill plate 2894 extends across the downstream face 2834 
of the filter media 2830 and is spaced-apart therefrom by one 
or more support studs 2896. To secure the grill plate 2894 to 
the filter media 2830, the ring-like end cap 2880 includes a 
skirt-like first leg 2882 that engages a corner-like rim 2888 of 
the filter media and a radially inward projecting hook 2884 
that engages the grill plate. 
I0133. The slotted member 2890 is integral with and 
extends from the grill plate 2894 in the direction away from 
the downstream face 2834. Additionally, the slotted member 
2890 extends as an annular band about the axis line 2802 and 
defines a radially outward directed slot 2892 that can receive 
the seal element 2870. Hence, the seal element 2870 is 
spaced-apart from the downstream face 2834 and, when the 
filter element 2812 is inserted into the filter housing 2810, is 
supported against the stepped surface 2860. 
I0134) Referring to FIG. 31, there is illustrated another 
embodiment in which the seal element 2970 is attached 
directly to the filter media 2930. The ring-like seal element 
2970 extends about the axis line 2902 and has a radially 
outward directed sealing surface 2972, a radially inward 
directed inner surface 2974, and generally parallel, spaced 
apart top and bottom surfaces 2976, 2978. The seal element 
2970 also includes a leg portion 2979 that extends from the 
bottom surface 2978 past the downstream face 2934 towards 
the upstream face and adjacently along the sidewall 2938 of 
the filter media 2930 and can be attached thereto by, for 
example, adhesive. The rest of the seal element 2970 includ 
ing the top surface 2976 extends beyond the downstream face 
2934 of the filter media 2930 so that the Seal element can 
engage the stepped surface 2960 of the filter housing 2910. 
I0135) To support the seal element 2970 against the filter 
housing 2910, the seal element can be attached to a portion of 
the rigid grill plate 2990. As illustrated, the grill plate 2990 
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extends across the downstream face 2934 to prevent the filter 
media 2930 from becoming displaced during use. The grill 
plate 2990 includes an annular flange 2992 extending away 
from the downstream face 2934. The Seal element 2970 can 
be formed or molded about the flange 2992. Since the seal 
element 2970 is attached to the filter media 2930, the seal 
element additionally functions to secure the grill plate 2990 to 
the rest of the filter element 2912. 

0136. Referring to FIG. 32, there is illustrated another 
embodiment in which the seal element 3070 and grill plate 
3090 are connected to the sidewall 3038 of the filter media 
3030. The ring-like seal element 3070 includes a radially 
outward directed sealing surface 3072, a radially inward 
directed inner surface 3074, and spaced-apart top and bottom 
surfaces 3076, 3078. A leg portion 3079 extends in the 
upstream direction from the bottom surface 3078 generally 
along the sidewall 3038. Hence, the sealing surface 3072 and 
the top surface 3076 are located beyond the downstream face 
3034 where they can engage the stepped surface 3060 of the 
filter housing 3010. To support the seal element 3070 against 
the filter housing, a support member 3000 in the form of an 
annular band can extend adjacently along the inner Surface 
3074 of the Seal element. 

0137 The grill plate 3090 that extends across the down 
stream face 3034 to prevent the filter media 3030 from 
becoming displaced during use. Extending from the periph 
ery of the grill plate 3090 past the downstream face 3034 and 
generally along the sidewall of the filter media 3030 is a 
second leg portion 3092. In the illustrated embodiment, the 
second leg portion 3092 extends between the sidewall 3038 
and the first leg portion 3079 from the seal element 3070. The 
first and second leg portions 3079, 3092 can be adhesively 
attached to the filter media 3030. 

0138 Referring to FIG. 33, there is illustrated another 
embodiment in which the seal element 3170 is located proxi 
mate the upstream face 3132 of the filter media 3130. The 
ring-like seal element 3170 includes a radially outward 
directed sealing surface 3172, a radially inward directed inner 
surface 3174, and spaced-apart top and bottom surfaces 3176, 
3178. Because the Seal element 3170 is located at the 
upstream face 3132, the seal element engages and seals 
against a portion of the housing 3110 near the inlet 3116. The 
filter housing 3110 can be formed with a counter-bore 3120 
near the inlet 3116 into which the Seal element 3170 can be 
situated. To support the seal element 3170, the filter element 
3112 includes a bracket 3192 that can be connected to the 
upstream face 3132 of the filter media.3130. The bracket 3192 
defines an annular groove 3194 that extends about the side 
wall 3138 of the filter media 3130 and which can receive and 
maintain in position the seal element 3170. To prevent the 
filter media 3130 from being displaced through the outlet 
3118 of the filter housing 3110 during use, an integral end cap 
3180 and grill plate 3190 can be provided at the downstream 
face 3134 engaging a corner-like rim 3188 of the filter media 
313 O. 

0139 FIGS. 1A and 2A show a first exemplary embodi 
ment of the invention in the form of a filter element 100A, 
adapted for insertion into a filter housing, but not including 
the filterhousing, for removing particulate matter from a flow 
of fluid passing through the filter housing. The term fluid as 
used herein is intended to include fluids in either liquid or 
gaseous forms. The exemplary embodiments shown herein 
specifically illustrate an air filter of the type used for filtering 
intake air for engines and air compressors. 
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0140. The filter element 100A includes a filterpack 102A, 
a seal member 104A, and a seal support frame 106A opera 
tively connecting the seal member 104A to the filter pack 
102A. The filter pack 102A includes first and second oppo 
sitely facing flow faces 108A, 110A, and defines a longitudi 
nal axis 112A passing through the first and second flow faces 
108A, 110A. The seal support frame 106A including a canted 
annular extension 114Athereof, projecting from the first flow 
face 108A at an oblique angle to the longitudinal axis 112A, 
for supporting the seal member 104A. 
0.141. The term “oblique is used herein in accordance 
with the common dictionary meaning of that word to indicate 
that the canted annular extension 114A extends at an angle, 
with respect to the longitudinal axis 112A, which is neither 
parallel nor perpendicular to the longitudinal axis 112A. The 
term “annular is also used herein, according to its common 
dictionary definition, to describe a variety of ring-like shapes 
disposed about an axis or centerline. Annular shapes, as con 
templated by the inventors, may include, but are not limited 
to, shapes that are round, rectangular, oval, or race-track-like 
with two generally straight and parallel sides joined by 
rounded ends. 
0142. In the filter element 100A of the first exemplary 
embodiment, the canted annular extension includes a first end 
116A and a distal end 118Athereof, with the first end 116A of 
the canted annular extension 114A being disposed nearer 
than the distal end 118A thereof to both the longitudinal axis 
112A and the first flow face 108A of the filter pack 102A, 
Such that the canted annular extension 114A is canted out 
ward from the longitudinal axis 112A. 
0143. The canted annular extension 114A includes a plu 
rality of holes 120A extending therethrough, as best seen in 
FIG. 3A, with the seal member 104A including a portion 
thereof extending through the holes 120A in the canted annu 
lar extension 114A, as shown in FIG. 4A, to help retain the 
seal member 104A on the canted annular extension 114A. 
The seal support frame 106A of the filter element 100A also 
includes an inwardly canted intermediate annular segment 
122A extending between the first end 116A of the canted 
annular extension 114A and the first flow face 108A of the 
filter pack 102A, to thereby form a V-shaped, outwardly 
opening, annular groove 124A at the juncture of the canted 
annular extension 106A and the inwardly canted intermediate 
annular segment 122A, for receipt therein of a portion 126A 
of the seal member 104A. 

0144. As shown in FIG. 5A, the seal member 104A in the 
filter element 100A is preferably formed from a material such 
as urethane foam, molded onto the canted annular extension 
114A using a mold 128A. During molding of the seal member 
104A, the filter element is placed into the mold 128A with the 
canted annular extension 114A facing downward, as shown in 
FIG. 5A. A material used for forming the seal member 114A 
is placed in the mold 128A and allowed to foam and rise up 
around the canted annular extension 114A, and through the 
holes 120A into the V-shaped groove 124A of the seal support 
frame 106A. The canted annular extension 114A defines an 
inner surface 130A thereof, having a raised annular rib 132A 
extending therefrom for contacting and sealing against the 
mold 128A, to thereby limit the extent of the seal member 
104A along the inner surface 130A of the canted annular 
extension 114A. 

(0145 As shown in FIGS. 1A and 2A, the filter pack 102A 
defines an outer periphery 134A thereof, and the seal support 
frame includes an outer peripheral sidewall 136A thereof 
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adapted for circumscribing the outer periphery 134A of the 
filter pack 102A. The seal support frame 106A includes a first 
end 138A thereof including the canted annular extension 
114A, and a second end 140A thereof, spaced from the first 
end thereofalong the longitudinal axis 112A. Each of the first 
and second ends 138A, 140A of the seal support frame 106A 
include a skirt section thereof, which are joined together to 
form the outer peripheral sidewall 136A of the seal support 
frame 106A, and to define a cavity 141 within the seal support 
frame 106A for receiving the filter pack 102A. The first and 
second ends 138A, 140A of the seal support frame are further 
configured such that, when the first and second ends 138A, 
140A of the seal support frame 106A are joined to one 
another, the filter pack 102A is retained within the cavity 
141A of the seal support frame 106A. 
0146 In the exemplary embodiment of the filter element 
100A, the first and second ends 138A, 140A of the seal 
support frame 106A are joined to one another and sealed to 
the outer periphery 134A of the filter pack 106A by a single 
annular bead of adhesive 142A, as best seen in FIGS. 6A and 
7A. The single annular bead of adhesive 142A performs the 
dual functions of simultaneously joining the first and second 
ends 138A, 140A of the seal support frame 106A to the outer 
periphery 134A of the filter pack 106A, and providing a seal 
blocking fluid flow between the outer periphery 134A of the 
filter pack102A and an inner surface of the peripheral annular 
sidewall 136A. In other embodiments of the invention, more 
than one bead of sealant may be used, or one or more non 
continuous beads of sealant may be used. It is contemplated, 
however, that use of a single annular bead of adhesive 142A 
will generally be preferred, because the single annular bead 
142A performing multiple functions will typically facilitate 
manufacture and reduce costs, in most embodiments of the 
invention. 

0147 By virtue of the construction of the seal support 
frame 106A of the filter 100A, the outer peripheral sidewall 
136A includes a first section 144Athereof extending from the 
first end 138A of the seal support frame 106A, and terminat 
ing in a distal end 146A of the first section 144A of the outer 
peripheral sidewall 136A. The outer peripheral sidewall 
136A also includes a second section 148A thereof, that 
extends from the second end 140A of the seal support frame 
106A and terminates in a distal end 150A of the second 
section 148A of the outer peripheral sidewall 106A. 
0148. The first and second sections 144A, 148A of the 
outer peripheral sidewall 136A are joined together with a 
joint formed by a hub 152A integrally formed with and 
extending from the distal end 146A of the first section 144A 
of the outer peripheral sidewall 136A, with the hub 152A 
being adapted for receiving the distal end 150A of the second 
section 148A of the outer peripheral sidewall 136A. The hub 
152A is configured such that an inner surface 154A of the hub 
152A, is spaced from the distal end 150A of the second 
section 148A of the outer peripheral sidewall 136A to form a 
gap for receiving a portion of the bead of adhesive 142A. 
0149. As shown by FIGS. 6A-8A, in the seal support 
frame 106A of the exemplary embodiment of the filter ele 
ment 100A, the second section 148A of the outer peripheral 
sidewall 136A includes a plurality of raised ribs 156A that 
extend outward from the second section 148A of the outer 
peripheral sidewall 136A, adjacent the distal end 150A of the 
second section 148A of the outer peripheral sidewall 136A, 
for spacing the inner surface 154A of the hub 152A from the 
distal end 150A of the second section 148A of the outer 
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peripheral sidewall 136A of the seal support frame 106A. The 
ribs 156A ensure that a gap of a predetermined size will be 
maintained between the inner surface 154A of the hub 152A 
and the distal end 150A of the second section 148A of the 
outer peripheral sidewall 136A to allow a portion of the bead 
of adhesive 142A to remain in the gap when the first and 
second ends 138A, 140A of the seal support frame 106A are 
joined to one another and to the outer periphery 134A of the 
filter pack 102A. 
0150. In the exemplary embodiment of the filter element 
100A, the ribs 156A also perform a second function, by being 
sized to provide a press fit of the distalend 150A of the second 
section 148A of the outer peripheral sidewall 136A into the 
hub 152A. The press fit allows the seal support frame 106A to 
be self-fixturing, to that once the first and second ends 138A, 
140A of the seal support frame 106A are pressed together to 
a desired height, the press fit will hold the first and second 
ends 138A, 140A together at the desired height while the 
adhesive 142A is curing. This allows the filter element 100A 
to be removed from any press equipment used for assembly, 
and set aside for curing of the adhesive, thereby freeing up the 
press equipment for use in assembling another filter element 
100A. 

0151. The hub 152A, the distal end 150A of the second 
section 148A of the outer peripheral side wall 136A, and the 
outer periphery 134A of the filter pack 102A are preferably 
joined to one another, after the filter pack 102A is inserted 
into the portion the cavity 141 formed by the first end 138A of 
the seal support frame 106A, by placing a single bead of 
adhesive 142A, of a judiciously selected size, at the juncture 
of the distal end 146A of the first section 144A of the periph 
eral sidewall 136A and the hub 152A and the outer periphery 
of the filter pack 102A, prior to inserting the distal end 150A 
of the second section 148A of the peripheral sidewall 136A 
into the hub 152A. After placement of the bead of adhesive 
142A in the hub 152A, the distal end 150A of the second 
section 148A of the peripheral sidewall 136A is then inserted 
into the hub 152A, and pressure is applied to the second end 
140A of the seal support frame 106A to urge it into contact 
with the second face 110A of the filterpack102A, and to push 
the distal end 150A of the second section 148A into the hub 
152A. As the distal end 150A of the second section of the 
peripheral sidewall 136A moves into the hub 152A, the adhe 
sive forming the single bead of adhesive 142A is squeezed 
into gaps between an inner surface 154A ofthehub 152A, that 
is spaced from the distal end 150A of the second section 148A 
of the outer peripheral sidewall 136A to form a space for 
receiving an adhesive sealant for joining together the distal 
ends of the first and second sections of the outer peripheral 
sidewall. Once the distal end 150A of the second section 
148A of the peripheral sidewall 136A has been pressed far 
enough into the hub 152A to achieve a desired overall height 
of the filter element 100A, the press fit features described 
above allow the filter element 100A to be self-fixturing while 
the adhesive 142A is curing. 
0152 The components of the filter element 100A need not, 
however, be assembled in the same order, or by the method 
described above, in practicing the invention. It will be under 
stood, by those having skill in the art, that in other embodi 
ments of the invention, other arrangements, sequences, or 
methods may be used for forming and/or joining together 
component parts of a seal Support frame, according to the 
invention. In other embodiments of the invention, for 
example, it may be desirable to have a filter pack captured 
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within a seal Support frame, according to the invention, but to 
not have the outer periphery joined to the seal Support frame 
by an adhesive. It will also be understood that, although the 
outer peripheral sidewall 136A of the seal support frame 
106A of the exemplary embodiment the filter element 100A is 
imperforate, in other embodiments of the invention the outer 
peripheral sidewall may include one or more openings 
extending therethrough. 
0153. As shown in FIG. 1A, the first and second ends 
138A, 140A of the seal support frame 106A of the exemplary 
embodiment of the filter element 100A also respectively 
include a first end flow face screen 137A and a second end 
flow face screen 139A, that provide protection against physi 
cal damage for the first and second flow faces 108A, 110A of 
the filter pack 102A. The first and second flow face screens 
137A, 139A also serve to resist forces on the filter pack 102A 
that are exerted in a direction parallel to the longitudinal axis 
112A by fluid flowing through the filter pack 102A. In the 
exemplary embodiment of the filter element 100A, the first 
and second flow face screens 137, 139 are formed integrally 
with the seal support frame 106A. In other embodiments of 
the invention, however, Such flow face screens may be sepa 
rate components, attached to or held in place by the seal 
Support frame, or may be eliminated. 
0154 Those having skill in the art will recognize that in 
embodiments of the invention having a canted annular exten 
Sion, as described above, the canted extension provides a 
convoluted ring-like structure that is inherently stiff in the 
radial direction, for resisting compression forces imposed on 
the seal member when the filter element is inserted into a 
housing. As a result of this inherent stiffness, it is not neces 
sary, in some embodiments of the invention, for the flow face 
screens 137A, 139A to provide appreciable radial stiffening 
of the seal Support. 
(O155 The filter pack 102A of the exemplary embodiment 
of the filter element 100A is formed from a filter media 157A, 
as shown in FIG.9A, that includes a convoluted sheet 158A of 
porous filter material, for removing particulate matter from a 
fluid that is directed through the filter element 100A. The 
convoluted sheet 158A may be formed by any appropriate 
process, such as corrugating or pleating, but preferably by 
gathering, as described in a United States patent application, 
entitled “Gathered Filter Media and Method of Making 
Same bearing the attorney docket no. 502854, assigned to 
the Assignee of the present invention, filed concurrently here 
with and incorporated herein by reference. 
0156 The convoluted sheet 158A of porous filter material, 
of the filter media 157A, forms a plurality of contiguous 
adjacent convolutions 160A, commonly known in the indus 
try as flutes. Selected ends of the flutes 160A of the filter 
media 157A may be blocked, with a bead of adhesive for 
example, to cause fluid entering one end of some of the flutes 
160A to flow through the porous filter media into other flutes 
160A prior to exiting the filter media 157A at an opposite end 
of the flutes 160A, in the manner known in the art. Selected 
flutes may also include an intermediate seal 161A, as dis 
closed in a United States patent application, entitled “Fluted 
Filter Media with Intermediate Flow Restriction and Method 
of Making Same, bearing the attorney docket no. 502852, 
assigned to the Assignee of the present invention, filed con 
currently herewith and incorporated herein by reference. 
(O157. The fluted filter media 157A of the exemplary 
embodiment of the filter element 100A also includes a face 
sheet 162A attached to the convoluted sheet 158A, for retain 
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ing the convoluted sheet 158A of porous filter material in a 
convoluted State. The term face sheet, as used herein, is 
intended to encompass any form of sheet or strip of generally 
flat, porous or non-porous, material attached to the convo 
luted sheet 158A of porous filter material. In the exemplary 
embodiment, it is contemplated that the face sheet 162A 
would preferably be formed of a porous filter material, in 
most embodiments of the invention. 

0158. As shown in FIG. 10A, the filter pack 102A of the 
exemplary embodiment of the filter element 100A described 
above, is formed by coiling the filter media 157A to form a 
generally right-circular-cylinder-shaped structure, that is pro 
portioned for insertion into a filterhousing having a generally 
circular cross section. In other embodiments of the invention, 
however, a filter pack 102A', and its associated filter element 
(not shown), may have a non-circular cross section, Such as 
the race-track shaped filter shown in FIG. 11A. Filter packs 
having other cross sectional shapes, such as Square, rectan 
gular, or polygonal, for example, may also be utilized, in other 
embodiments of the invention, by coiling or bonding together 
successive layers of a fluted filter media. It is also understood 
that the invention is not limited to filter packs of fluted filter 
media. Those having skill in the art will readily recognize that 
the invention may also be practiced with efficacy, using other 
types of filter media. 
0159 FIG. 12A shows a second exemplary embodiment 
of the invention, in the form of a filter apparatus 200A, having 
a filter housing assembly 202A including a filter housing 
204A and a boot 206A, adapted for attachment thereto of a 
filter element 208A. The filter element 208A is of the car 
tridge type described herein. In contrast to the first exemplary 
embodiment of the invention, however, in which the filter 
apparatus included only the filter element 100A, and not the 
filter assembly to which the filter element 100A is adapted to 
be attached, the second exemplary embodiment of the inven 
tion includes both the filter element 208A and the filter assem 
bly 202A formed by the housing 204A and the boot 206A. It 
should be further noted that the filter apparatus 200A of the 
second exemplary embodiment also includes a safety filter 
210A, mounted in the filter housing 204A at a point in the 
fluid flowpath downstream from the filter cartridge 208A. 
Other embodiments of a filter apparatus, according to the 
invention, may include fewer or more components than the 
filter assembly 200A of the second exemplary embodiment. 
(0160. The filter element 208A of the filter apparatus 200A 
is generally of the type described above in relation to the first 
exemplary embodiment. Specifically, the filter element 208A 
of the filter apparatus 200A includes a generally right-circu 
lar-cylindershaped filter pack 212A offluted filter media, and 
a seal Support frame 214A having an outwardly canted annu 
lar extension 216A supporting a seal member 218A molded to 
the outwardly canted extension 216A, in the same manner as 
described above in relation to the filter element 100A of the 
first exemplary embodiment. The seal support frame 214A of 
the filter element 208A of the filter apparatus 200A of the 
second exemplary embodiment is also a two part structure 
including a hub arrangement 220A for joining an upper frame 
section 222A and a lower frame section 224A (as oriented in 
FIG.12A) together and to the outer periphery of the filter pack 
with a single annular bead of adhesive (not shown) in the 
same manner as described above in relation to the first exem 
plary embodiment of the invention. 
0.161 Those having skill in the art will recognize that, 
although invention has been described herein with reference 
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to several exemplary embodiments, many other embodiments 
of the invention are possible. For example, as shown in FIG. 
13A, in other embodiments of invention, a filter element 
300A may include an annular extension 302A that is canted 
inward, rather than being canted outward as shown and 
described in relation to the first and second exemplary 
embodiments of the invention described above. Such an 
inwardly canted annular extension may or may not include 
through holes for receiving and retaining a portion of a seal 
member 304A molded, in situ, onto the annular extension 
302A. Those having skill in the art will recognize that having 
the annular extension 302A canted inward results in the distal 
end of the annular extension302A having a smaller periphery 
than the portion of the annular extension adjacent the flow 
face 306A of the filter pack 308A. As a result of this construc 
tion, insertion and removal of the filter element 300A is 
facilitated by having the compressive forces on the seal 304A 
be generally proportional to the axial engagement length of 
the seal member 304A with an inside wall of a housing (not 
shown). 
0162. As shown in FIGS. 2A and 13A, a seal member 
104A, 304A according to the invention may include a lead in 
chamfer 105A, 305A to facilitate insertion of a filter element 
100A, 300A, according to the invention, into a filter housing. 
It is also understood that, in an embodiment of the invention, 
the seal member may or may not be fixedly attached to the 
annular extension of a seal Support frame according to the 
invention. 

0163. It is also contemplated that an embodiment of the 
invention including a seal Support frame having an outer 
peripheral sidewall, adapted for circumscribing the outer 
periphery of the filter pack, a first end thereof including an 
annular extension, and a second end thereof spaced from the 
first end thereof along the longitudinal axis, with the first and 
second ends of the seal Support frame joined by the outer 
peripheral sidewall of the seal support frame to define a cavity 
within the seal Support frame for receiving the filterpack, may 
include an annular extension which is not canted either 
inward or outward. 
0164 All references, including publications, patent appli 
cations, and patents cited herein are hereby incorporated by 
reference to the same extent as if each reference were indi 
vidually and specifically indicated to be incorporated by ref 
erence and were set forth in its entirety herein. 
0.165. The use of the terms “a” and “an and “the and 
similar referents in the context of describing the invention 
(especially in the context of the following claims) is to be 
construed to cover both the singular and the plural, unless 
otherwise indicated herein or clearly contradicted by context. 
The terms “comprising.” “having,” “including,” and “con 
taining are to be construed as open-ended terms (i.e., mean 
ing “including, but not limited to.) unless otherwise noted. 
Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling within the range, unless otherwise indi 
cated herein, and each separate value is incorporated into the 
specification as if it were individually recited herein. All 
methods described herein can be performed in any suitable 
order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or 
exemplary language (e.g., “Such as') provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the specification should be 
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construed as indicating any non-claimed element as essential 
to the practice of the invention. 
(0166 Preferred embodiments of this invention are 
described herein, including the best mode knownto the inven 
tors for carrying out the invention. Variations of those pre 
ferred embodiments may become apparent to those of ordi 
nary skill in the art upon reading the foregoing description. 
The inventors expect skilled artisans to employ such varia 
tions as appropriate, and the inventors intend for the invention 
to be practiced otherwise than as specifically described 
herein. Accordingly, this invention includes all modifications 
and equivalents of the Subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all pos 
sible variations thereof is encompassed by the invention 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. 
What is claimed is: 
1. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 

(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal Support defining a plurality of seal flow 

apertures therethrough: 
(c) grid work extending over at least one of the inlet and 

outlet flow faces; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures; 

(ii) the grid work and the seal Support are at opposite 
ends of the shell. 

2. An air filter cartridge according to claim 1 wherein: 
(a) the shell comprises a molded plastic material; and 
(b) the seal arrangement comprises foamed polyurethane. 
3. An air filter cartridge according to claim 1 wherein: (a) 

the grid work is an integral part of the shell. 
4. An air filter cartridge according to claim 1 wherein: (a) 

the media pack comprises a coiled fluted filter media packand 
a core is within the media pack. 

5. An air filter cartridge according to claim 1 wherein: 
(a) the seal Support extends outwardly; 
(b) the media pack is racetrack shaped; and 
(c) the shell is racetrack shaped. 
6. An air filter cartridge according to claim 1 wherein: (a) 

the seal Support is annular with respect to the media pack. 
7. An air filter cartridge according to claim 6 wherein: (a) 

the plurality of seal flow apertures extend along the annular 
seal Support. 

8. An air filter cartridge according to claim 1 wherein: 
(a) the shell includes a first end having: 

(i) a sidewall portion; and 
(ii) a transition portion canted relative to the sidewall 

portion. 
9. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 
(i) the media pack being racetrack shaped; 
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(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal Support defining a plurality of seal flow 

apertures therethrough; 
(iii) the seal Support extending outwardly; 
(iv) the shell being racetrack shaped; 

(c) grid work extending over the outlet flow face; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures. 

10. An air filter cartridge according to claim 9 wherein: 
(a) the shell includes: 

(i) a sidewall portion; and 
(ii) a transition portion canted relative to the sidewall 

portion. 
11. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 

(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal support defining a plurality of seal flow 

apertures therethrough; 
(c) grid work extending over the outlet flow face; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures; 

(ii) the shell secured to the media pack by the seal 
arrangement. 

12. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 

(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal Support defining a plurality of seal flow 

apertures therethrough; 
(c) grid work extending over the outlet flow face; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures. 

13. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 
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(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal Support defining a plurality of seal flow 

apertures therethrough; 
(c) grid work extending over the outlet flow face; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures; 

(ii) the seal arrangement including no portion extending 
over the inlet flow face. 

14. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; 

(b) an impermeable shell having opposite ends and a side 
wall extending at least partially therebetween; the shell 
sidewall circumscribing the media pack; the shell having 
a seal Support; 
(i) the media pack being secured within the shell; 
(ii) the seal Support defining a plurality of seal flow 

apertures therethrough; 
(c) grid work extending over the outlet flow face; and 
(d) a seal arrangement secured to the seal Support; 

(i) the seal arrangement molded to the seal Support and 
extending through the seal flow apertures. 

15. An air filter cartridge comprising: 
(a) a fluted filter media pack comprising fluted media 

secured to facing media; the media pack having an inlet 
flow face, an outlet flow face, and an axial length 
between the inlet flow face and outlet flow face; the 
media pack defining a longitudinal axis; and 

(b) a shell and a seal arrangement; the shell having a side 
wall and a portion that is canted relative to the longitu 
dinal axis of the media pack; the shell sidewall circum 
scribing the media pack; 
(i) the media pack being secured within the shell; 
(ii) the seal arrangement being molded to the canted 

portion. 
16. An air filter cartridge according to claim 15 wherein: (a) 

the seal arrangement includes a radial seal. 
17. An air filter cartridge according to claim 15 further 

comprising: 
(a) grid work extending over the outlet flow face; 
(b) the grid work is an integral part of the shell; and 
(c) a core within the media pack. 
18. An air filter cartridge according to claim 15 wherein: 
(a) the shell has a seal Support; 

(i) the seal support includes a plurality of seal flow 
apertures therethrough; and 

(ii) the seal arrangement extends through the seal flow 
apertures. 

19. An air filter cartridge according to claim 15 wherein: 
(a) the seal arrangement is molded directly to the media 

pack; and 
(b) the seal arrangement comprises foamed polyurethane. 
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