w0 2022/076346 A1 | NI 00000 KO0 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 April 2022 (14.04.2022)

(10) International Publication Number

WO 2022/076346 Al

WIPO I PCT

(51) International Patent Classification:
BOID 27/06 (2006.01) B0O1D 29/07 (2006.01)
BOID 27/00 (2006.01) B0O1D 29/52 (2006.01)

(21) International Application Number:
PCT/US2021/053474

(22) International Filing Date:
05 October 2021 (05.10.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/088,099 06 October 2020 (06.10.2020)  US

(71) Applicant: CUMMINS FILTRATION INC. [US/US]; 26
Century Blvd., 5th Floor North, Nashville, Tennessee 37214
(Us).

(72) Inventors: SCHWARTZ, Scott W., 4644 Pierceville
Road, Cottage Grove, Wisconsin 53527 (US). LOUISON,
Matthew; 6163 Pacific Crest Road, McFarland, Wisconsin
53558 (US). OUYANG, Ming; 8 Great Hills Ter., Short
Hills, New Jersey 07078 (US). JOSHI, Akshay; 5116 Lacy
Rd Apt 225, Fitchburg, Wisconsin 53711 (US). CUPERY,
Jeremiah; 409 Acacia Lane, Madison, Wisconsin 53716
(US). LI, Miao; 6209 Wild Flower Court, McFarland, Wis-

(74)

@81)

84

consin 53558 (US). KNIGHT, Jessie A., 848 Peace Lane,
Oregon, Wisconsin 53575 (US). RECH, Jeffrey A.; 812
Enterprise Dr., Verona, Wisconsin 53593 (US). ADAMS,
Mark P.; 5215 Retana Drive, Madison, Wisconsin 53704
(US).

Agent: BROWN, Marshall J. et al.; Foley & Lardner LLP,
3000 K St. NW. Suite 600, Washington, District of Colum-
bia 20007 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: FILTER ASSEMBLIES WITH UNIQUE SHAPES

(57) Abstract: A method of manufacturing a media assembly comprises winding a filter media about a center axis into a media roll
and cutting the media roll along at least two cut lines and into at least two media packs of at least two media assemblies. The media

roll is cut along at least one plane that is parallel to the center axis.

[Continued on next page]



WO 2022/076346 A | [I11I] 00000000 0O 0O

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2022/076346 PCT/US2021/053474

FILTER ASSEMBLIES WITH UNIQUE SHAPES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent Application No.
63/088,099, filed October 6, 2020, the entire disclosure of which is hereby incorporated herein

by reference.
FIELD

[0002] The present application relates generally to filter assemblies for air intake systems or

the like.
BACKGROUND

[0003] Typically, air intake systems are packaged in very space-constrained under-hood
environments with a very limited amount of available space to fit into. Accordingly, the air
intake components of an air filter assembly need to be uniquely packaged, offer a compact
package volume, and have a high degree of shape flexibility to fit with and around other under-
hood components. Furthermore, it is desired for the air filter assembly (in particular the air
filter element) to be low cost. One example of a filter assembly 90 is shown in FIGS. 1A-1B.
FIG. 1A shows the limited amount of space and an unusually-shaped space that is available
(within, for example, a vehicle) for the filter assembly 90. To fit within this limited and
unusually-shaped space, the filter assembly 90 is also small and unusually shaped, and the
resulting available space for the filter element within the housing of the filter assembly 90 is

also relatively small and unusually-shaped.

[0004] Although conventional filter elements with round, obround, or rectangular flow faces
can be used instead of traditional pleated cylindrical air cleaners, packaging air cleaners within
engine compartments has become increasingly challenging as available space continues to be
reduced in an effort to minimize the size and weight of the vehicle to optimize fuel efficiency.
Air cleaners that better fit around tubes or align with gradually sloping body panels are needed,

without sacrificing cost or performance.
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SUMMARY

[0005] Various embodiments provide for a method of manufacturing a media assembly
comprising winding a filter media about a center axis into a media roll and cutting the media
roll along at least two cut lines and into at least two media packs of at least two media

assemblies. The media roll is cut along at least one plane that is parallel to the center axis.

[0006] Various other embodiments provide for a media assembly comprising a media pack
comprising a plurality of layers of filter media, a first side panel, and a second side panel. The
media pack defines an inlet flow face, an outlet flow face, a first side wall, a second side wall, a
radially inner edge, and a radially outer edge. The first side wall and the second side wall each
extend axially between the inlet flow face and the outlet flow face and radially between the
radially inner edge and the radially outer edge. The first side panel is positioned along and
forms a seal with the first side wall such that fluid entering through the inlet flow face cannot
exit the media pack through the first side wall. The second side panel is positioned along and
forms a seal with the second side wall such that fluid entering through the inlet flow face
cannot exit the media pack through the second side wall. The media pack is formed by winding
the filter media around a center axis into a media roll and cutting the media roll along at least

two cut lines to form the first side wall and the second side wall.

[0007] Various other embodiments provide for a filter element that comprises a media
assembly. The media assembly comprises a media pack comprising a plurality of layers of
filter media, a first side panel, and a second side panel. The media pack defines an inlet flow
face, an outlet flow face, a first side wall, a second side wall, a radially inner edge, and a
radially outer edge. The first side wall and the second side wall each extend axially between
the inlet flow face and the outlet flow face and radially between the radially inner edge and the
radially outer edge. The first side panel is positioned along and forms a seal with the first side
wall such that fluid entering through the inlet flow face cannot exit the media pack through the
first side wall. The second side panel is positioned along and forms a seal with the second side
wall such that fluid entering through the inlet flow face cannot exit the media pack through the

second side wall. The media pack is formed by winding the filter media around a center axis

2



WO 2022/076346 PCT/US2021/053474

into a media roll and cutting the media roll along at least two cut lines to form the first side wall

and the second side wall.

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

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

[0009] FIG. 1A is a perspective view space available for a conventional filter assembly

within, for example, a vehicle.
[0010] FIG. 1B is a perspective view of the filter assembly of FIG. 1A.

[0011] FIG. 2A is a perspective view of a media assembly of a filter element according to one

embodiment.
[0012] FIG. 2B is a perspective view of the media assembly of FIG. 2A.

[0013] FIG. 3 is a perspective view of a media assembly of a filter element according to

another embodiment.

[0014] FIG. 4A is a perspective view of a media roll according to another embodiment.
[0015] FIG. 4B is a perspective view of the media roll of FIG. 4A with cut lines.

[0016] FIG. 4C is a perspective view of a media assembly from the media roll of FIG. 4A.
[0017] FIG. 5A is an end view of a media roll according to yet another embodiment.

[0018] FIG. 5B is an end view of the media roll of FIG. SA with cut lines.

[0019] FIG. 6 s an end view of a media roll with cut lines according to another embodiment.

[0020] FIG. 7 is an end view of a media assembly according to one embodiment.
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[0021] FIG. 8A is an end view of a media assembly according to another embodiment.
[0022] FIG. 8B is an end view of a media assembly according to yet another embodiment.
[0023] FIG. 9is an end view of a media assembly according to still another embodiment.

[0024] FIG. 10A is an end view of two attached media assemblies according to one

embodiment.

[0025] FIG. 10B is an end view of two attached media assemblies according to another

embodiment.
[0026] FIG. 11A is an end view of a media roll with cut lines according to one embodiment.

[0027] FIG. 11B is an end view of a media roll with cut lines according to another

embodiment.

[0028] FIG. 12A is an end view of a media roll with cut lines according to yet another

embodiment.

[0029] FIG. 12B is an end view of a media roll with cut lines according to still another

embodiment.

[0030] FIG. 13 is a schematic diagram for a method of making a media assembly according

to one embodiment.
DETAILED DESCRIPTION

[0031] Referring to the figures generally, various embodiments disclosed herein relate to a
media assembly for an air filter element and method of making a media assembly in which the
media assembly can have a wide variety of different unique shapes, according to the desired
use and available space. The media assembly is dimensionally flexible and can quickly, easily,
and cost-effectively be made into a wide variety of different shapes and sizes according to the
need. Furthermore, the media assembly and method of making the media assembly described

herein is low cost and effective, in particular with smaller media assemblies.
4
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[0032] FIGS. 2A-3 show various embodiments of a filter element 10 of a filter assembly that
comprises a media assembly 20 and may be used with an engine, according to one
embodiment. The filter element 10 may include other components, such as at least one
endplate or endcap positioned along an end of the media assembly 20. The filter element 10
may be positioned within a housing of the filter assembly, such as the housing of the filter

assembly 90 shown in FIGS. 1A-1B.

[0033] The media assembly 20 comprises a media pack 30, a side panel 40, and a center
support 22. The media assembly 20 may optionally be or comprise a right-angle flow element,
through which unfiltered fluid and filtered fluid flow at approximately 90° from each other. As
described further herein, the shape and size of the media assembly 20 can be uniquely and

easily made according to the desired configuration.

[0034] The media assembly 20 can be formed in a wide variety of unique shapes without
specialized manufacturing equipment. By having a unique media assembly shape (and being
able to easily make media assemblies with a wide variety of shapes), the media assembly 20
can fit within a wide range and large number of unusually and uniquely-shaped and sized areas
within a filter assembly and to fit within a uniquely-shaped filter housing, according to the
desired use and configuration. The media assembly 20 also provides further degrees of
packaging freedom without sacrificing cost or performance. According to one embodiment, the
media assembly 20 can fit around charge-air-cooler (CAC) tubing. Alternatively or
additionally, the media assembly 20 may fit over an engine and against a cab wall. This
flexibility in size and shape may also limit or prevent substandard or counterfeit media

assemblies from being used and installed.

[0035] The media pack 30 (which may be referred to as a media segment) is a portion of and
formed from a filter media roll 35 (as shown in FIG. 4A and as described further herein). The
media pack 30 is configured to filter a fluid, such as air, and comprises at least one layer
(preferably a plurality of layers) of filter media 32, where the plurality of layers of filter media
32 are substantially parallel and concentric with each other. The plurality of layers of the filter

media 32 comprises an innermost layer 32a and an outermost layer 32b, as shown in FIG. 4C.
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The innermost layer 32a is the first layer of the filter media 32 that is wound into the media roll
35 and defines the inner side 33 of the media pack 30. The outermost layer 32b is the last layer
of the filter media 32 that is wound into the media roll 35 and defines the outer side 34 of the
media pack 30. The innermost layer 32a is radially closer to the center axis 38 (and to the
center support 22 and/or the core 23) than the outermost layer 32b. The innermost layer 32a
and the outermost layer 32b follow and have the same curvature (between the two cut sides 31)
and have substantially the same axial length (between the two flow faces 37). According to
various embodiments (in which the media pack 30 is at least partially curved), the outermost

layer 32b is longer than the innermost layer 32a.

[0036] The media pack 30 is formed by winding the filter media 32 about the center axis 38
into the media roll 35 and cutting the media roll 35 along at least two cut lines 14 to form the
two cut sides 31 (which may be referred to as a first side wall and a second side wall), as
described further herein. The same media pack 30 can comprise multiple different types of
filter media 32 by winding different filter media 32 into the same media roll 35. For example,
the filter media 32 within a media pack 30 includes a corrugated filter media including a
plurality of corrugations which may comprise different corrugation heights to provide multiple

corrugation heights within the same media pack 30.

[0037] As shown in FIGS. 2B-3, each media pack 30 (in particular the plurality of layers of
filter media 32) has and defines two parallel and opposite, radially-extending, flow faces 37,
through which a fluid to be (or being) filtered flows. The flow faces 37 extend radially
between the inner side 33 and the outer side 34 and along planes that are substantially
perpendicular to the center axis 38 of the media roll 35. One of the flow faces 37 is an inlet
flow face, and the other flow face is an outlet flow face. Accordingly, the fluid flows through
the media pack 30 in a direction that is parallel to the center axis 38 (i.e., the fluid flows in the
axial direction of the media pack 30 between the two flow faces 37). The flow faces 37 may

optionally be substantially flat and parallel to each other.

[0038] Each media pack 30 (in particular the plurality of layers of filter media 32) has and

defines two flat, radially-extending cut edges, surfaces, ends, or sides 31 that are on opposite
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radial ends of the media pack 30 and are where the media pack 30 was cut from the media roll
35 (as described further herein). The first and second cut sides 31 (i.e., the first side wall and
the second side wall) extend axially between the two flow faces 37, radially between the inner
side 33 and the outer side 34, and along planes that are substantially parallel to the center axis
38 of the media roll 35. The two cut sides 31 are substantially perpendicular to the two flow
faces 37 (and optionally also the inner side 33 and the outer side 34). Depending on the
relative orientation of the two cut lines 14 creating the two cut sides 31, the cut sides 31 may be

parallel or angled relative to each other.

[0039] Each media pack 30 (in particular the plurality of layers of filter media 32) also
includes and defines two radiused sides: a radially inner surface or side 33 and a radially outer
surface or side 34. The inner side 33 is radially closer to the center axis 38 of the media roll 35
(from which the media pack 30 is cut) and is the innermost side of the first, innermost layer 32a
of the filter media 32. The outer side 34 is the radially further from the center axis 38 of the
media roll 35 (from which the media pack 30 is cut) and is the outermost side of the last,
outermost layer 32b of the filter media 32. If the media pack 30 includes a center support 22,
the center support 22 extends axially along the inner side 33 (and is radially inward from the
inner side 33). Both the inner side 33 and the outer side 34 extend axially between the two
flow faces 37 and extend between the inner side 33 and the outer side 34. The two cut sides 31
are on opposite ends of the inner side 33 and the outer side 34 from each other. The inner side
33 and the outer side 34 extend axially, substantially parallel to the center axis 38 of the media
roll 35. The two cut sides 31, the two flow faces 37, the inner side 33, and the outer side 34
form all of the outermost sides of the media pack 30 (and therefore the overall shape of the

media pack 30).

[0040] According to various embodiments (and depending on how the filter media 32 is
wound into the media roll 35 and where the media roll 35 is cut), the plurality of layers of filter
media 32 curve about the center axis 38 and form an arched shape. Accordingly, the inner side
33 (of the media pack 30 and of the innermost layer 32a of the plurality of layers of the filter
media 32) and the outer side 34 (of the media pack 30 and of the outermost layer 32b of the
plurality of layers of the filter media 32) each have circular arc shapes (depending on the

7
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overall cross-sectional shape of the media roll 35 and the number and positioning of the cut
lines 14), extend axially parallel to each other, and share a common center axis (i.e., the center
axis 38). The shape of the inner side 33 and the outer side 34 may match each other (with the
inner side 33 being smaller than the outer side 34). Since the outer side 34 is wound around the
inner side 33, the inner side 33 has a smaller arc length than the outer side 34. Depending on
how the media roll 35 is wound (and the shape of the center support 22 and/or the core 23), the
inner side 33 and the outer side 34 may have a circular or rounded arc shape (while the cut

sides 31 may be straight or flat).

[0041] According to one embodiment, the filter media 32 may comprise a variety of different
types of filter media, including but not limited to pleated media, corrugated media, tetrahedral
media, or variations thereof, such as any of the filter media disclosed in PCT Application No.
PCT/US 2019/065259, the entirety of which is incorporated by reference. U.S. Patent No.
8,397,920, entitled “PLEATED FILTER ELEMENT WITH TAPERING BEND LINES;,” by
Moy et al, filed on October 14, 2011, and issued on March 19, 2013, assigned to Cummins
Filtration IP Inc., which is incorporated by reference in its entirety and for all purposes,
describes a tetrahedral filter media that the filter media 32 may comprise. Some configurations
of tetrahedral filter media may comprise a plurality of inlet tetrahedron flow channels and a
plurality of outlet tetrahedron flow channels. The inlet tetrahedron merge in a central portion
of the tetrahedral filter media thereby allowing axial cross-flow of air between the inlet
tetrahedron channels prior to the air passing through the tetrahedral filter media. Such an
arrangement provides for additional dust loading on the upstream side of the media, which

increases the overall dust capacity of the filter.

[0042] The filter media 32 may comprise, for example, corrugated, flat, fluted, or pleated
filter media. For example, the filter media 32 may have a pleated arrangement with, for
example, arc or fan pleats. Optionally, the filter media 32 may have deep pleats (which may be
used with right-angle flow). The pleats may fan radially inwardly or outwardly, depending on
the desired configuration. The layers of filter media 32 within the media roll 35 (and thus
within the media pack 30) may be curved in a parallel manner to each other due to how the

filter media 32 is wound around itself.
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[0043] The filter media coil or roll 35 is the filter media 32 rolled or layered around the
center axis 38, before being cut into the plurality of media packs 30 (as described further
herein). Depending on how the media roll 35 is formed by rolling the filter media 32, the
media roll 35 may have a variety of different cross-sectional shapes (where the cross-section is
taken along a plane that is perpendicular to the axial length of the media roll 35 and to the
center axis 38). For example, the media roll 35 may have a round, obround, oval, or
rectangular cross-sectional shape. The media roll 35 may be a full, circular ring. The center

axis 38 extends in the axial direction of the media roll 35.

[0044] Depending on the shape of the media roll 35 and how the media roll 35 is cut (as
described further herein), the media pack 30 may have a variety of different shapes, which
allows the media pack 30 to fit within a wide variety of different spaces. For example, the

media pack 30 may be relatively longer or shorter, depending on the desired configuration.

[0045] First and second side panels 40 (which may be referred to as end panels) are
positioned along and extend substantially parallel to the two side walls (e.g., axially between
the inlet flow face and the outlet flow face, as well as radially between the inner side 33 (e.g.,
an inner edge) and the outer side 34 (e.g., an outer edge). In particular, the first side panel 40 is
positioned along and forms a seal with the first cut side 31 (i.e., the first side wall) of the media
pack 30 such that fluid entering through the inlet flow face 37 cannot exit the media pack 30
through the first cut side 31. The second side panel 40 is positioned along and forms a seal
with the second cut side 31 (i.e., the second side wall) of the media pack 30 such that fluid
entering through the inlet flow face 37 cannot exit the media pack 30 through the second cut
side 31. The side panels 40 can be molded or otherwise secured to the cut ends 31 of the media
pack 30 to ensure that fluid does not escape through the cut ends 31. The side panels 40 extend
along the entire cut sides 31, axially along the length of the media pack 30 between the two
flow faces 37 and radially between the inner side 33 and the outer side 34. As shown in FIGS.
2A-2B, the media assembly 20 comprises two side panels 40 positioned along the opposite cut
sides 31 of the media pack 30. According to one embodiment, the side panel 40 may comprise
a gasket, such as a perimeter gasket. According to various embodiments, the side panel 40 may
be polyurethane or a high modulus sealant (and thus securing the side panels 40 to each of the

9
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cut sides 31 comprises potting each of the cut sides 31 in polyurethane or a high modulus

sealant).

[0046] The center support 22 is positioned along the inner side 33 of the media pack 30. The
center support 22 extends between the two cut sides 31 and axially between the two flow faces
37. Prior to being cut with the media roll 35, the center support 22 may be cylindrical or ring-

shaped. The center support 22 may be, for example, a paper, chipboard, or polymer ring and

extend directly along the filter media 32 of the media pack 30.

[0047] The media assembly 20 (in particular the media pack 30) may be configured or shaped
in a variety of different shapes and sizes, according to the desired configuration (such as the
available room for the media assembly 20 within a filter assembly). For example, the media
pack 30 (and therefore the entire media assembly 20) may have a variety of different circular
arc shapes, as shown in FIGS. 2A-3. As shown in FIGS. 2A-2B, the media pack 30 is shaped
in approximately Y of a circle. As shown in FIG. 3, the media pack 30 is shaped in

approximately 2 of a circle.

[0048] FIGS. 4A-4C, FIGS. SA-5B, and FIG. 13 show a manufacturing process 200 of
creating or manufacturing the media assembly 20, which allows a wide variety of differently
shaped and sized media packs 30 (and thus media assemblies 20) to be easily created. As
described further herein, at 210, the filter media 32 is first wound or coiled about the center
axis 38 into a master media roll 35 of filter media 32. At 220, the media roll 35 is subsequently
cut along a plurality of (at least two) cut lines 14 and into a plurality of (at least two) individual
media packs 30 of a plurality of (at least two) media assemblies 20, according to the desired
number, shape, and size of media packs 30. This manufacturing process is cost-effective and
can create a large number of shapes and sizes of media packs 30, as described herein. The
present manufacturing process decreases the total amount of time to create a plurality of media
packs 30. Comparatively, stacking layers of filter media into a similar shape to create an
individual media pack would present many manufacturing challenges and would not be cost-

effective.

10
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[0049] At 210, the filter media 32 is rolled or wound into a filter media roll 35 (as shown in
FIGS. 4A, 5A, and 13). The filter media 32 is wound around a center axis 38 extending along
the axial height of the filter media roll 35. One type or a plurality of different types of filter

media 32 may be wound into the same media roll 35, depending on the desired configuration.

[0050] Optionally, during manufacturing, the filter media 32 may be attached to and wound
around the center support 22 (as shown in FIG. 4A) and/or a reusable inner, center winding ring
or core 23 (as shown in FIG. 5A). Both the center support 22 and/or the core 23 are positioned
within the radial center of the media roll 35 and extend axially along and are centered on the
center axis 38. The core 23 is positionable within the center support 22 to provide support to
the center support 22. When used, the center support 22 remains attached to the filter media 32
(and may be cut with the media roll 35), while the core 23 is removable from the media pack
30. Accordingly, prior to cutting, the core 23 may be removed from within the media roll 35,

and the center support 22 may be cut within the media roll 35.

[0051] According to one embodiment, the filter media 32 is attached to and wound around
one of the center support 22 or the core 23. A hot melt or adhesive forms a seal between the
leading edge of the filter media 32 and the center support 22 or the core 23. According to
another embodiment, the filter media 32 is attached to the center support 22, and the center
support 22 is slipped or positioned over the core 23 (i.e., the core 23 is positioned within the
center support 22). Accordingly, the filter media 32 is wound around both the center support
22 and the core 23. By positioning the center support 22 over the core 23 (and radially between
the core 23 and the filter media 32), the center support 22 prevents the hot melt or adhesive
from reaching the core 23. According to yet another embodiment, the filter media 32 is not

attached to the center support 22 or the core 23 and instead is wound around itself.

[0052] The center support 22 and/or the core 23 (that the filter media 32 is wound around)
may have a variety of different cross-sectional shapes to form the media roll 35 into the desired
shape. The media roll 35 has a resulting corresponding cross-sectional shape to the center
support 22 and/or the core 23. According to one embodiment, the center support 22 and/or the
core 23 (and thus also the media roll 35) have a round (as shown in FIGS. SA-5B), obround,

11
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triangular, square (as shown in FIGS. 11A-11B), oval, rectangular (as shown in FIGS. 12A-
12B), pentagonal, or hexagonal cross-sectional shape (where the cross-section is taken along a
plane that is perpendicular to the axial length of the center support 22 and the core 23 and to the
center axis 38 and corresponds to the flow faces 37). The cross-sectional shape may comprise

any number and variation of arcs and flat and/or curved sides or edges.

[0053] If the cross-sectional shape of the center support 22 and/or the core 23 is square or
rectangular, the corners may be rounded (and the media roll 35 has a corresponding shape, as
shown in FIGS. 11A-12B). The resulting shape of the media roll 35 may include both straight
and curved sections (as shown in FIGS. 12A-12B), depending on how the filter media 32 is
wound and the shape of the center support 22 and/or the core 23. With a square center support
22 or core 23, for example, four equivalent and identically-shaped media packs 30 may be
produced without any scrap. Similarly, a pentagonal or hexagonal center support 22 or core 23

may produce five and six equivalent and identically-shaped media packs 30, respectively.

[0054] The filter media 32 is wound around the center axis 38 a plurality of times (i.e., any
number of times) to create a plurality of layers (i.e., any number of layers) of filter media 32.
Accordingly, the total length of the filter media 32 (and the thickness of the filter media 32)
determines the outer radius of the media roll 35 (and thus the size of the media pack 30
between inner side 33 and the outer side 34). Accordingly, the size of the media pack 30 (in
particular the radial distance between inner side 33 and the outer side 34) may easily be
adjusted in the manufacturing process by using filter media 32 with a longer or shorter length.
Additionally, the outer diameter of the center support 22 and/or the core 23 sets or determines
the inner radius of a center hole of the media roll 35 (though which the center axis 38 extends).
Once the filter media 32 is wound into a media roll 35, a hot melt or adhesive may form a seal
between the trailing edge of the filter media 32 and the top, outermost layer 32b of the filter
media 32.

[0055] Optionally, hot melting the filter media 32 may be skipped along the areas where cuts
are made. Furthermore, a small scrap section may optionally be incorporated to eliminate start

and stop points. The media roll 35 may be wound with dimples.
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[0056] At 220 (as shown in FIGS. 4B, 5B, and 13), after the filter media 32 has been wound
into the media roll 35, the filter media roll 35 is cut with a cutting device with at least two cuts,
along at least two cut lines 14, into at least two individual segments or pieces, which form at
least two individual media packs 30. The media roll 35 is cut along at least one plane that is
parallel to the center axis 38 and to the flow direction through the media pack 30 (and
substantially perpendicular to a radial plane of the filter media roll 35). Each of the cut lines 14
extend along planes that are parallel to the center axis 38. As shown in FIG. 5A, the media roll
35 may be cut along arrow 12 (i.e., along each of the cut lines 14). Each of the cuts may extend
through only one side or both sides of the media roll 35 (i.e., on opposite sides of the center
axis 38, thereby forming two separate cut lines 14 that are radially aligned with each other and
form a straight line). Optionally, after the filter media roll 35 has been cut, the filter media roll

35 may be cooled and any debris from cutting may be removed.

[0057] A variety of different cutting devices may be used to cut (i.e., to make the cut lines 14
in) the filter media roll 35. For example, according to various embodiments, a sharp edge or a
laser may be used to cut the media roll 35. The media roll 35 may optionally be cut by the
same person that wound the filter media 32 into the media roll 35. The media roll 35 may

optionally be rotated by a certain number of degrees to make each of the cuts.

[0058] Any number, angle, and location of cuts may be made in the media roll 35 to form any
number, shape, and size of media packs 30, depending on the desired size, shape, and number
of media packs 30. Depending on the positioning of the cut lines 14, the resulting cut media
packs 30 (from the same media roll 35) may be identical to each other or different from each
other in shape and/or size, depending on the desired configuration of media packs 30. At least
two cuts along at least two cut lines 14 are made in the media roll 35 to form or create at least
two media packs 30 from the single media roll 35. Accordingly, a plurality of media packs 30
may be formed or created from one single media roll 35, which lowers the manufacturing costs
compared to conventional manufacturing methods of making media packs. The cut lines 14

may be straight or curved.
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[0059] According to various embodiments shown in FIGS. 6 and 12A-12B, a total of two cuts
along two cut lines 14 (that are approximately 180° apart from each other) are made, thereby
cutting the media roll 35 in half and efficiently creating two media packs 30. Optionally, the
two cut lines 14 may align with each other and extend through the center axis 38, thereby
creating two identical media packs 30. The two media packs 30 may be semicircular or
substantially semicircular (as shown in FIG. 6), and both of the cut sides 31 may be potted or
form a seal with in the side panels 40 simultaneously or at the same time (as described further
herein). This method produces a unique shape faster and more economically than shapes
currently produced. In particular, the single straight-through cut (that produced two aligned cut
lines 14 on opposite sides of the center axis 38) can be made quickly and easily, and the single

potting sequence replaces two individual molds and potting tasks.

[0060] According to various other embodiments, at least three cuts along three cut lines 14
are made, thereby creating at least three media packs 30. According to one embodiment shown
in FIGS. 4B and 11A-11B, a total of four cuts along four cut lines 14 (that are approximately
90° apart from each other) are made, thereby creating four media packs 30. The media roll 35
may be cut and rotated in 90° increments to produce four individual media packs 30.
According to another embodiment shown in FIG. 5B, a total of eight cuts along eight cut lines
14 (that are approximately 45° apart from each other) are made, thereby creating eight
individual media packs 30. The media roll 35 may be cut and rotated at 45° increments to

produce the eight media packs 30.

[0061] The cut lines 14 may or may not be aligned with each other on opposite sides of the
center axis 38, depending on the desired cutting scheme and configuration of media packs 30.
For example, according to various embodiments (as shown in FIGS. 5B-6, 11A, and 12A-12B),
one or more of the cut lines 14 may extend through the center axis 38, thereby avoiding having
any scraps. Two cut lines 14 may align with each other (in one line), extending straight
through the center axis 38 and on opposite sides of the center axis 38. In the resulting media

pack 30, the cut sides 31 may be at an angle relative to each other (as shown in FIGS. 8A-8B).
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[0062] According to various other embodiments, one or more of the cut lines 14 may not
extend through the center axis 38, and the cut lines 14 on opposite sides of the center axis 38
may not align with each other (as shown in FIG. 11B). Depending on the orientation of the cut
lines 14, in the resulting media pack 30, the cut sides 31 may be substantially parallel to each

other (as shown in FIG. 9).

[0063] Depending on the number of cuts and the relative positioning of the cuts (as well as
the size and shape of the media roll 35), different sizes and shapes of the media packs 30 are
created. Accordingly, a variety of differently shaped and sized media packs 30 may be easily
created or produced from one media roll 35, and the dimensions of the media packs 30 can be
easily changed according to the desired configuration and size. For example, as shown in FIG.
7, the arc length along the outer side 34 of the media pack 30 varies depending the angle 6 and
distance between the cut sides 31. FIG. 8A shows a media pack 30 with a relatively small arc
length and angle 6, while FIG. 8B shows a media pack 30 with a relatively large arc length and
angle 0. Furthermore, the inner radius R1 and the outer radius Rz vary depending on the shape
and size of the media roll 35 and the number and thickness of the filter media 32 (as well as the
center support 22 and/or the core 23). The radial distance between the inner side 33 and the

outer side 34 depends on the thickness and number of layers of the filter media 32.

[0064] The media pack 30 may have a variety of different arc shapes, depending on the
original shape of the media roll 35 and how the media roll 35 is cut. According to one
embodiment, the media pack 30 is a circular ring segment, compared to the cubic or cylindrical
shapes of conventional in-line filter elements. Although the media packs 30 may have a variety
of different shapes and sizes, the inner side 33 and the outer side 34 may be at least partially

curved or arced, according to various embodiments.

[0065] After the media pack 30 has been cut from the media roll 35, the media pack 30 may
optionally be expanded to a different radial thickness to change the capacity and restriction of
the media pack 30 (without changing the corrugation height of the filter media 32). To expand
the media pack 30, the layers of the filter media 32 may be radially spaced further away from

each other.
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[0066] At 230 (as shown in FIGS. 4C and 13), after the media pack 30 has been cut from the
media roll 35 and optionally expanded, the side panels 40 are secured to each of the cut sides
31 of the media pack 30. According to one embodiment, the media pack 30 is side-potted with
or into the side panel 40, thereby forming the media assembly 20. In particular, side panels 40
are positioned along and attached to each of the two cut sides 31 of the media pack 30
(extending along the two cut lines 14 that form and define the media pack 30), as shown in
FIG. 4C. Each of the side panels 40 form a seal with one of the two cut sides 31 of one of the
at least two media packs 30. The side panels 40 may each extend along the entire axial and
radial length of the media pack 30 (along a plane extending parallel to the center axis 38) and
along the entire cut side 31 of the media pack 30.

[0067] Once the media assembly 20 has been created, multiple media assemblies 20 (or
individual media packs 30) can easily be combined and attached together without any
additional processing. The media assemblies 20 (in particular the media packs 30) can be
attached together in a wide variety of different manners and relative orientations to create a
wide variety of different overall shapes. These shapes may optionally have complex opposing
curvatures that are not otherwise producible by simple winding and/or cutting methods. For
example, as shown in FIG. 10A, two media assemblies 20 (in particular two media packs 30)
are positioned next to each other (and optionally abutting and attached to each other), with their
cut sides 31 facing (and optionally abutting and attached to) each other. The two media packs
30 are facing opposite directions (i.e., the inner side 33 of one media pack 30 is next to the
outer side 34 of the other media pack 30 and vice versa), thereby forming a S-shape between
the two media packs 30. According to another embodiment as shown in FIG. 10B, two media
assemblies 20 (in particular two media packs 30) are positioned next to each other (and
optionally abutting and attached to each other), with the inner side 33 of one media pack 30
next to and facing (and optionally abutting and attached to) the outer side 34 of the other media
pack 30. Accordingly, the two media packs 30 are stacked on top of each other.

[0068] At 240 (as shown in FIG. 13), the media assembly 20 (alone or in combination with
other media assemblies 20) is attached to, positioned within, and installed into a frame. The
media assembly 20 may include various gaps or individual segments with a gap to be installed
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onto the frame. According to one embodiment, multiple media assemblies 20 may be potted
with or attached to each other within the same frame. A seal may be formed between the
multiple media assemblies 20 and the frame. The multiple media assemblies 20 (that are within
the single frame) may be identical to each other or different from each other (in shape and size,
for example) and may be oriented relative to each other to create a wide variety of different
configurations. After the media assemblies 20 have been attached together and/or to the frame,
the media assembly 20 (alone or in combination with other media assemblies 20) may be used

or positioned within a filter housing of a filter assembly.

[0069] Due to the configuration of the media assembly 20, the filter element has inherent
warp resistance and provides a natural dust sump as a precleaner. For example, one benefit of
the curved shape of the media pack 30 (e.g., the circular ring segment shape) is that the shape
of the housing (that the media pack 30 is used within) can thus include corresponding arched or
curved sidewalls, which are inherently stronger than flat housing walls and are less susceptible
to warpage. Accordingly, the housing can have shallower support ribbing (compared to
housing with flat housing walls), which reduces the overall package volume and the housing
material costs. Additionally, in off-highway applications, the arched surface (i.e., the inner side
33 or the outer side 34, as described further herein) of the media pack 30 that is facing
downward may be used to create a dust collection sump, which naturally channels dust toward

a dust evacuation valve.

[0070] The media roll 35 described herein is tightly coiled and wound. Furthermore, a seal
is formed along both of the cut sides 31 of the resulting media packs 30 from the media roll 35
without the need for any subsequent coiling operations to add form the seal along the second

cut side 31 (as described further herein).

[0071] Each of the various embodiments disclosed herein may have any of the aspects,
features, components, and configurations of the other embodiments, except where noted

otherwise.

[0072] As utilized herein, the term “approximately” and similar terms are intended to have a

broad meaning in harmony with the common and accepted usage by those of ordinary skill in
17
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the art to which the subject matter of this disclosure pertains. The term “approximately” as
used herein refers to +5% of the referenced measurement, position, or dimension. It should be
understood by those of skill in the art who review this disclosure that these terms are intended
to allow a description of certain features described and claimed without restricting the scope of
these features to the precise numerical ranges provided. Accordingly, these terms should be
interpreted as indicating that insubstantial or inconsequential modifications or alterations of the
subject matter described and claimed are considered to be within the scope of the invention as

recited in the appended claims.

[0073] The terms “coupled,” “attached,” and the like as used herein mean the joining of two
members directly to one another. Such joining may be stationary (e.g., permanent) or

moveable (e.g., removable or releasable).

[0074] References herein to the positions of elements (e.g., “top,” “bottom,” etc.) are merely
used to describe the orientation of various elements in the FIGURES. It should be noted that
the orientation of various elements may differ according to other exemplary embodiments, and

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

[0075] It is important to note that the construction and arrangement of the various exemplary
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. For example, the
position of elements may be reversed or otherwise varied, and the nature or number of discrete
elements or positions may be altered or varied. The order or sequence of any processes may be
varied or re-sequenced according to alternative embodiments. Other substitutions,
modifications, changes and omissions may also be made in the design, operating conditions and
arrangement of the various exemplary embodiments without departing from the scope of the

present invention.
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WHAT IS CLAIMED IS:

1. A method of manufacturing a media assembly, the method comprising:
winding a filter media about a center axis into a media roll; and
cutting the media roll along at least two cut lines and into at least two media
packs of at least two media assemblies, the media roll being cut along at least one plane that is

parallel to the center axis.

2. The method of claim 1, further comprising securing a side panel to one of two

cut ends of one of the at least two media packs.

3. The method of claim 1, further comprising installing the at least two media

packs into a frame.

4. The method of claim 1, further comprising potting the at least two media packs

so as to form a seal member on at least one cut side of the at least two media packs.

5. The method of claim 1, further comprising attaching the media assembly to a

second media assembly so as to form an S-shape.

6. The method of claim 1, wherein the media roll is cut such that the at least two
cut lines align with each other and extend through the center axis so as to produce at least two

identical media packs.
7. The method of claim 1, where in the media roll is cut using a laser.

8. A media assembly comprising:

a media pack comprising a plurality of layers of filter media, the media pack
defining an inlet flow face, an outlet flow face, a first side wall, a second side wall, a radially
inner edge, and a radially outer edge, the first side wall and the second side wall each extending
axially between the inlet flow face and the outlet flow face and radially between the radially

inner edge and the radially outer edge;
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a first side panel positioned along and forming a seal with the first side wall
such that fluid entering through the inlet flow face cannot exit the media pack through the first
side wall; and

a second side panel positioned along and forming a seal with the second side
wall such that fluid entering through the inlet flow face cannot exit the media pack through the
second side wall,

the media pack being formed by winding the filter media around a center axis
into a media roll and cutting the media roll along at least two cut lines to form the first side wall

and the second side wall.

9. The media assembly of claim 8, wherein the plurality of layers of filter media

curve about the center axis and form an arc shape.

10. The media assembly of claim 8, wherein the plurality of layers of filter media
comprise an innermost layer and an outermost layer that is longer than the innermost layer, the
innermost layer defining an inner edge of the media pack, and the outermost layer defining an

outer edge of the media pack.

11.  The media assembly of claim 8, wherein the plurality of layers of filter media
comprise an innermost layer and an outermost layer that has substantially the same axial length
and curvature as the innermost layer, the innermost layer defining an inner edge of the media

pack, and the outermost layer defining an outer edge of the media pack.

12. The media assembly of claim 8, further comprising a center support, the center

support extending axially on the media roll and configured to support the media roll.

13. The media assembly of claim 12, where in the media pack is positioned
proximate to a second media pack such that the radially inner edge of the media pack is

attached to a radially outer edge of the second media pack.

14. The media assembly of claim 12, wherein the plurality of layers of filter media
are radially spaced further away from each other after the media pack has been cut so as to

increase a radial thickness of the media pack.
20



WO 2022/076346 PCT/US2021/053474

15.  The media assembly of claim 12, wherein the media roll formed is square with
rounded corners such that a plurality of identical media packs are formed when the media roll is

cut.

16. A filter element comprising:
a media assembly comprising

a media pack comprising a plurality of layers of filter media, the media
pack defining an inlet flow face, an outlet flow face, a first side wall, a second side wall, a
radially inner edge, and a radially outer edge, the first side wall and the second side wall each
extending axially between the inlet flow face and the outlet flow face and radially between the
radially inner edge and the radially outer edge,

a first side panel positioned along and forming a seal with the first side
wall such that fluid entering through the inlet flow face cannot exit the media pack through the
first side wall, and

a second side panel positioned along and forming a seal with the second
side wall such that fluid entering through the inlet flow face cannot exit the media pack through
the second side wall,

the media pack being formed by winding the filter media around a center
axis into a media roll and cutting the media roll along at least two cut lines to form the first side

wall and the second side wall.

17. The filter element of claim 16 wherein the media assembly further comprises a
center support positioned along the radially inner edge between the first side wall and the
second sidewall, the center support extending axially between the inlet flow face and the outlet

flow face.

18. The filter element of claim 16, wherein the plurality of layers of filter media
comprise an innermost layer and an outermost layer that is longer than the innermost layer, the
innermost layer defining an inner edge of the media pack, and the outermost layer defining an

outer edge of the media pack.

19. The filter element of claim 16, wherein:
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the first side panel is positioned such that the first side panel extends axially
along an entire length of the first side wall; and
the second side panel is positioned such that the second side panel extends

axially along an entire length of the second side wall.

20. The filter element of claim 16, wherein the formed media roll comprises a

circular ring segment.

22



WO 2022/076346 PCT/US2021/053474

1/8

FIG. 1A
Prior Art




PCT/US2021/053474

WO 2022/076346

d¢ Ol

LE

0€

2/8

Ve —

AL
WA

0y

AL

/8 Nm\ e 0y 2z EF
020}

g6
oy ™
™
RN

Ve Ol

0y

LE

L&

143

02’01

0¢



WO 2022/076346 PCT/US2021/053474

3/8

e —

s

=

—

==

S —

=

T

=

S

g
P

e

o

e
S =

S

o
S T
S
SN

FIG. 3

37

30
[y
41"



PCT/US2021/053474

WO 2022/076346




WO 2022/076346

FIG. 5B

FIG. 5A

PCT/US2021/053474




PCT/US2021/053474

WO 2022/076346

eg
0¢ LE
1§ 16
e Jrom
16 e
™
02
08 o st

6/8

vE L€

VOl 'Ol

/e 78 02 £e
£e 08
Fmom \ omﬁ e 83
e ok CW
ve L& 0z
/L Ol4
gs
V8 Dl Y
ge LS
_‘mom . g 2y



PCT/US2021/053474

WO 2022/076346

7/8

dcl 9Ol
:Xw \J
dil .mu_n_

Vel Old

VilL Dl

LE 4

06~ 88 0
G~

0¢



WO 2022/076346

8/8

PCT/US2021/053474

Wind the filter media
32 into a media
roll 35.

~210

'

Cut the media roll 35
into at least two
media packs 30.

~220

Y

Securing side panels 40

to the cut sides 31 of
the media pack 30 to
create the media
assembly 20.

~230

¢

Install the media
assembly 20 within
a frame.

~240

FIG. 13



INTERNATIONAL SEARCH REPORT International application No.
' PCT/US2021/053474

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - BO1D 27/06; BO1D 27/00; BO1D 29/07; BO1D 29/52 (2021.01)

CPC - BO01D 2275/206; BO1D 29/073; BO1D 46/0001; BO1D 46/521; BO1D 46/527; BO1D 2201/12; BO1D
2275/10 (2021.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

‘Minimum documentation searched (classification system followed by classification symbols)

see Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

see Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

see Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2018/0214806 A1 (TATE et al) 02 August 2018 (02.08.2018) entire document 8,9, 16, 19, 20
Y US 2004/0118771 A1 (SCHUKAR et al) 24 June 2004 (24.06.2004) entire document 1,3,6.7
Y US 2011/0047887 A1 (CONTRERAS) 03 March 2011 (03.03.2011) entire document 1,3,6,7
A US 2019/0168151 A1 (DYSON TECHNOLOGY LIMITED) 06 June 2019 (06.06.2019) entire 1-20
document
A US 6,273,938 B1 (FANSELOW et al) 14 August 2001 (14.08.2001) entire document 1-20
A US 2006/0151655 A1 (JOHNSTON) 13 July 2006 (13.07.2006) entire document 1-20
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T"  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application bu cited to understand
to be of particular relevance the principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“E” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
“L” document which maﬁ throw doubts on priority claim(s) or which “Y™ document of particular relevance; the claimed invention cannot
is cited to establish the

éaublication date of another citation or other be considered to involve an inventive step when the document is
ed) combined with one or more other such documents, such combination

special reason (as speci r ; ! 5
being obvious to a person skilled in the art

“0” documentreferringtoan oral disclosure, use, exhibition or other means

“P” document published prior to the international filing date but later than “&" document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
07 December 2021 JAN 07 2022

Name and mailing address of the ISA/US Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Harry Kim

P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300 Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report

