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INTERRUPTED, DIRECTIONAL EMBOSS OF FLAT SHEET

CROSS-REFERENCE TO RELATED PATENT APPLICATION

[0001] The present application claims the benefit of priority to U.S. Provisional Patent
Application No. 62/410,529, filed October 20, 2016 and the contents of which are incorporated

herein by reference in its entirety.
TECHNICAL FIELD
[0002] The present application relates to filter media.
BACKGROUND

[0003] Internal combustion engines generally combust a mixture of fuel (e.g., gasoline,
diesel, natural gas, etc.) and air. Many or all of the fluids passing through the internal
combustion engine are filtered to remove particulate and contaminants from the fluids prior to
entering the internal combustion engine. For example, prior to entering the engine, intake air is
typically passed through a filter element to remove contaminants (e.g., particulates, dust, water,
etc.) from the intake air prior to delivery to the engine. The filter media of the filter element
captures and removes particulate from the intake air passing through the filter media. As the
filter media captures and removes particulate, the restriction of the filter media increases. The
filter media has a dust holding capacity that defines the amount of particulate that the filter
media can capture without the need for replacement. After the dust holding capacity of the

filter media is reached, the filter element may require replacement.
SUMMARY

[0004] Various example embodiments relate to filter media, filter elements containing the
filter media, and filtration systems having the filter elements. One example embodiment relates
to filter media. The filter media includes a first sheet of filter media having a first side and a
second side and pleated along a plurality of bend lines to form a plurality of wall segments.

The plurality of wall segments comprises a first set of wall segments alternately sealed to each
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other at the first side to define a first set of tetrahedron channels having open first ends, and a
second set of tetrahedron channels interdigitated with the first set of tetrahedron channels and
having closed first ends. The plurality of wall segments comprises a second set of wall
segments alternately sealed to each other at the second side to define a third set of tetrahedron
channels having closed second ends, and a fourth set of tetrahedron channels interdigitated with
the third set of tetrahedron channels and having open second ends. The filter media further
includes a second sheet of filter media extending across the first sheet of filter media. The
second sheet of filter media comprises an embossment that forms a raised surface configured to

maintain a gap between the second sheet of filter media and an adjacent sheet of filter media.

[0005] Another example embodiment relates to filter media. The filter media includes a flat
sheet of filter media that is alternately folded along a plurality of pleat fold lines, thereby
defining a pleat block. The flat sheet of filter media comprises a plurality of embossments.
Each of the plurality of embossments forms a raised surface that maintains a separation

distance between adjacent pleats of the pleat block.

[0006] A further example embodiment relates to a filtration system. The filtration system
includes a housing body. The housing body includes a housing outlet, a housing inlet, and a
central compartment. A filter element is installed in the central compartment. The filter
element includes filter media. The filter media includes a first sheet of filter media having an
upstream inlet adjacent the housing inlet, a downstream outlet adjacent the housing outlet, and
is pleated along a plurality of bend lines to form a plurality of wall segments. The plurality of
wall segments comprises a first set of wall segments alternately sealed to each other at the
upstream inlet to define a first set of tetrahedron channels having open upstream ends, and a
second set of tetrahedron channels interdigitated with the first set of tetrahedron channels and
having closed upstream ends. The plurality of wall segments comprises a second set of wall
segments alternately sealed to each other at the downstream outlet to define a third set of
tetrahedron channels having open downstream ends, and a fourth set of tetrahedron channels
interdigitated with the third set of tetrahedron channels and having closed downstream ends.
The filter media further includes a second sheet of filter media extending across the first sheet
of filter media. The second sheet of filter media comprises an embossment that forms a raised
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surface configured to maintain a gap between the second sheet of filter media and an adjacent

sheet of filter media.

[0007] These and other features, together with the organization and manner of operation
thereof, will become apparent from the following detailed description when taken in
conjunction with the accompanying drawings, wherein like elements have like numerals

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

[0008] FIG. 1 shows a perspective view of a folded filter media sheet of filter media

according to an example embodiment.

[0009] FIG. 2, FIG. 3, and FIG. 4 each show a different perspective view of the filter media
of FIG. 1.

[0010] FIG. 5 shows a perspective view of the filter media of FIG. 1 having an embossment

arrangement according to an example embodiment.

[0011] FIG. 6 shows a perspective view of the filter media of FIG. 1 having a first

embossment arrangement according to an example embodiment.

[0012] FIG. 7A, 7B, and 7C each show a close-up perspective view of an embossment of the
filter media of FIG. 1 or FIG. 8 oriented at a different angle.

[0013] FIG. 8 shows a perspective view of a folded filter media sheet of filter media

according to another example embodiment.

[0014] FIG. 9, FIG. 10, and FIG. 11 each show a different perspective view of the filter
media of FIG. 8.

[0015] FIG. 12 shows a perspective view of the filter media of FIG. 8 having an embossment

arrangement according to an example embodiment.
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[0016] FIG. 13 shows a perspective view of the filter media of FIG. 8 having a first

embossment arrangement according to an example embodiment.

[0017] FIG. 14 shows a perspective view of filter media according to an example

embodiment.

[0018] FIG. 15 shows a perspective view of filter media according to another example

embodiment.

[0019] FIG. 16 is a perspective view of an embossing system according to an example

embodiment.

[0020] FIG. 17 shows a cross-sectional view of a filtration system according to an example

embodiment.

[0021] FIG. 18 shows a cross-sectional view of an air filtration system according to another

example embodiment
DETAILED DESCRIPTION

[0022] Referring to the figures generally, filter media having a design embossed into the
media are described. In some arrangements, the filter media is pleated filter media. In other
arrangements, the filter media includes a plurality of channels, such as tetrahedron channels.
The filter media includes a pattern of interrupted straight or angled embossments that help
maintain separation between adjacent layers of the filter media. The embossments allow for
two adjacent media layers (e.g., mating surfaces of the filter media) to remain separated,
thereby increasing dust holding capacity and lowering pressure drop over similarly configured

filter media not having the embossments.

[0023] Referring to FIGS. 1-7C, filter media 100 is shown according to an example
embodiment. FIG. 1 shows a perspective view of a folded (i.e., pleated) filter media sheet 102
of the filter media 100. FIGS. 2, 3, and 4 each show a different perspective view of the filter
media 100. As described below, the filter media 100 includes a plurality of flow channels 36
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having a tetrahedral shape. Additional details of the filter media 100 are described in U.S.
Patent No. 8,397,920, which is herein incorporated by reference in its entirety and for all
purposes. The filter media 100 has an upstream inlet 22 receiving incoming dirty fluid as
shown at arrows 23, and a downstream outlet 24 discharging clean filtered fluid as shown at
arrows 25. The filter media 100 is composed of a folded filter media sheet 102 that is pleated
along a plurality of bend lines 26. The bend lines extend axially along an axial direction 28
(e.g., as shown best in FIGS. 2-4), and include a first set of bend lines 30 extending from
upstream inlet 22 towards downstream outlet 24, and a second set of bend lines 32 extending
from downstream outlet 24 axially towards upstream inlet 22. The filter media 100 comprises a
plurality of filter media wall segments 34 extending in serpentine manner between the bend
lines. The wall segments 34 extend axially and define axial flow channels 36 therebetween.
The flow channels 36 have a height 38 along a transverse direction 40, which transverse
direction 40 is perpendicular to axial direction 28 (e.g., as shown in FIG. 2). The flow channels
36 have a lateral width 42 along a lateral direction 44. The lateral direction is perpendicular to
axial direction 28 and is perpendicular to transverse direction 40. As described below, at least
some of the noted bend lines taper in the noted transverse direction as they extend axially in the

noted axial direction.

[0024] The wall segments 34 include a first set of wall segments 46 (e.g., as shown in FIGS.
2 and 3) that are alternately sealed to each other at upstream inlet 22 (e.g., by adhesive 48 or the
like) to define a first set of channels 50 having open upstream ends, and a second set of
tetrahedron channels 52 interdigitated with the first set of tetrahedron channels 50 and having
closed upstream ends. The wall segments 34 include a second set of wall segments 54 (e.g., as
shown in FIGS. 3 and 4) that are alternately sealed to each other at downstream outlet 24 (e.g.,
by adhesive 56 or the like) to define a third set of tetrahedron channels 58 having closed
downstream ends, and a fourth set of tetrahedron channels 60 (e.g., as shown in FIG. 4) having
open downstream ends. The first set of bend lines 30 comprises a first subset of bend lines 62
defining the first set of tetrahedron channels 50, and a second subset of bend lines 64 defining
the second set of tetrahedron channels 52. The second subset of bend lines 64 taper in

transverse direction 40 as they extend from upstream inlet 22 axially towards downstream
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outlet 24 (e.g., as shown in FIGS. 3 through 6). The second set of bend lines 32 comprises a
third subset of bend lines 66 defining the third set of tetrahedron channels 58, and a fourth
subset of bend lines 68 defining the fourth set of tetrahedron channels 60. The fourth subset of
bend lines 68 taper in the transverse direction 40 as they extend from downstream outlet 24
axially towards upstream inlet 22 (e.g., as shown in FIGS. 3 through 6). The second set of
tetrahedron channels 52 have a decreasing transverse channel height 38 along transverse
direction 40 as the second set of tetrahedron channels 52 extend axially along axial direction 28
towards downstream outlet 24. The tapering of the second subset of bend lines 64 in the
transverse direction 40 provides the decreasing transverse channel height 38 of the second set
of tetrahedron channels 52. The fourth set of tetrahedron channels 60 have a decreasing
transverse channel height along transverse direction 40 as the fourth set of tetrahedron channels
60 extend axially along axial direction 28 towards upstream inlet 22. The tapering of the fourth
subset of bend lines 68 in the transverse direction 40 provides the decreasing transverse channel

height 38 of the fourth set of tetrahedron channels 60.

[0025] Still referring to FIGS. 1-4, incoming dirty fluid 23 to be filtered flows along axial
direction 28 into open tetrahedron channels 50 at upstream inlet 22 and passes laterally and/or
transversely through the filter media wall segments of the pleated filter element and then flows
axially along axial direction 28 as clean filtered fluid through open tetrahedron channels 60 at
downstream outlet 24. A second subset of bend lines 64 provides lateral cross-flow thereacross
along lateral direction 44 between respective channels downstream of upstream inlet 22. A
fourth subset of bend lines 68 provides lateral cross-flow thereacross along lateral direction 44
between respective channels upstream of downstream outlet 24. The second and fourth subsets
of bend lines 64 and 68 have axially overlapping sections 70, and the noted lateral cross-flow is

provided at least at axially overlapping sections 70.

[0026] The second subset of bend lines 64 taper to respective termination points 72 (e.g., as
shown in FIGS. 3 through 6), providing at such termination points the minimum transverse
channel height 38 of the second set of tetrahedron channels 52. The fourth subset of bend lines
68 taper to respective termination points 74, providing at such termination points the minimum
transverse channel height 38 of the fourth set of tetrahedron channels 60. Termination points

6
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72 of second subset of bend lines 64 are axially downstream of termination points 74 of fourth
subset of bend lines 68. This provides the noted axially overlapping sections 70. Termination
points 72 of second subset of bend lines 64 are at downstream outlet 24 in one embodiment,
and in other embodiments are axially upstream of downstream outlet 24. Termination points
74 of fourth subset of bend lines 68 are at upstream inlet 22 in one embodiment, and in other

embodiments are axially downstream of upstream inlet 22.

[0027] A first set of wall segments 46 alternately sealed to each other at adhesive 48 at
upstream inlet 22 define a first set of tetrahedron channels 50 having open upstream ends, and a
second set of tetrahedron channels 52 interdigitated with the first set of tetrahedron channels 50
and having closed upstream ends. A second set of wall segments 54 alternately sealed to each
other at adhesive 56 at downstream outlet 24 define a third set of tetrahedron channels 58
having closed downstream ends, and a fourth set of tetrahedron channels 60 interdigitated with
the third set of tetrahedron channels 58 and having open downstream ends. The first set of
bend lines 30 includes the first subset of bend lines 62 defining the first set of tetrahedron
channels 50, and the second subset of bend lines 64 defining the second set of tetrahedron
channels 52. The second subset of bend lines 64 taper in the transverse direction 40 as they
extend from upstream inlet 22 axially towards downstream outlet 24. The second set of bend
lines 32 includes the third subset of bend lines 66 defining the third set of tetrahedron channels
58, and the fourth subset of bend lines 68 defining the fourth set of tetrahedron channels 60.
The fourth subset of bend lines 68 taper in the transverse direction 40 as they extend from

downstream outlet 24 axially towards upstream inlet 22.

[0028] First and second sets of tetrahedron channels 50 and 52 face oppositely to third and
fourth sets of tetrahedron channels 58 and 60. Each of the first, second, third and fourth sets of
tetrahedron channels 50, 52, 58, 60 is elongated in the axial direction 28. Each of the first,
second, third and fourth sets of tetrahedron channels 50, 52, 58, 60 has a cross-sectional area
along a cross-sectional plane defined by the transverse and lateral directions 40 and 44. The
cross-sectional areas of the first and second sets of tetrahedron channels 50 and 52 decrease as
the first and second sets of tetrahedron channels 50 and 52 extend along axial direction 28 from
upstream inlet 22 toward downstream outlet 24. The cross-sectional areas of third and fourth

7
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sets of tetrahedron channels 58 and 60 decrease as the third and fourth sets of tetrahedron
channels 58 and 60 extend along axial direction 28 from downstream outlet 24 toward upstream
inlet 22. In some arrangements, the bend lines 26 are bent at a sharp pointed angle (e.g., as
shown at 80 in FIG. 2). In other arrangements, the bend lines 26 are rounded along a given

radius (e.g., as shown in dashed line at 82 in FIG. 2).

[0029] The elongated tetrahedron channels 58 and 60 allow for cross-flow between adjacent
channels. In air filter implementations, this cross-flow allows for more even dust loading on
the upstream side of the media. In one embodiment, the elongated tetrahedron channels are
shaped to purposely allow for more upstream void volume than downstream void volume, to
increase filter capacity. Various fluids may be filtered, including air or other gases, and

including liquids.

[0030] The filter element is further provided with a substantially flat sheet 84 extending
laterally across the bend lines. In one embodiment, the flat sheet 84 is formed of filter media
material, which may be the same filter media material as the folded filter media sheet 102. The
flat sheet 84 extends axially along the full axial length along axial direction 28 between
upstream inlet 22 and downstream outlet 24, and extends laterally along the full lateral width
along lateral direction 44 across and sealing the channels to prevent bypass of dirty upstream
air to clean downstream air without passing through and being filtered by a wall segment 34.

In some arrangements, the flat sheet 84 is generally rectiplanar along a plane defined by axial

direction 28 and lateral direction 44.

[0031] As shown in FIG. 5, the flat sheet 84 includes a plurality of embossments 502. The
embossments 502 form a raised surface (with respect to the generally rectiplanar surface of the
flat sheet 84) on a first side of the flat sheet 84 and a corresponding lowered surface (with
respect to the generally rectiplanar surface of the flat sheet 84). Although shown as being oval
in shape, the embossments 502 can have any shape (e.g., circular, triangular, square,
rectangular, etc.). The embossments 502 are arranged in an interrupted straight line pattern. In
some arrangements, the embossments 502 are arranged such that the embossments 502 align

with the peaks of the flow channels 36. Accordingly, when the filter media 100 is folded,
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layered, or coiled to form a pleat block, the peaks of the flow channels 36 rest against the raised
surface of the embossments 502 thereby creating a separation distance between the flat sheet 84
and the folded filter media sheet 102, which is maintained during use. The separation distance
increases the dust holding capacity of the filter media 100 and reduces the restriction of the
filter media 100, which results in a lower pressure drop and increased capacity compared to
similar filter media without the embossments. The embossments 502 may be formed in the flat
sheet 84 through an embossment roller. FIG. 6 shows another arrangement of embossments
502 on the flat sheet 84 in which the embossments 502 are arranged in a less dense angled

pattern than the embossments of FIG. 5.

[0032] Referring to FIGS. 7A through 7C, close-up perspective views of an embossment 502
arranged at different angles ¢ on the flat sheet 84 are shown. In each of FIGS. 7A through 7C,
the angle ¢ is measured with respect to an X-Y axis that define the plane of the flat sheet 84.
The X axis is aligned with the lateral direction 44 of FIGS. 2-4, and the Y axis is aligned with
the axial direction 28 of FIGS. 2-4. The angle ¢ of the embossment 502 is selected to optimize
the air flow through the filter media 100. As described above, the embossments 502 maintain
separation between the layers of the filter media 100. Accordingly, the angle ¢ is selected to be
aligned with the flow direction of the air through the filter media 100 to minimize added
restriction or the introduction of turbulence into the air flow. In some arrangements, the angle
¢ is between zero and sixty degrees. In other arrangements, the angle ¢ is between thirty-five
degrees and fifty five degrees. In further arrangements, the angle ¢ is approximately forty-five

degrees.

[0033] Referring to FIGS. 8-13, filter media 200 is shown according to another example
embodiment. The filter media 200 is similar to the filter media 100 of FIGS. 1-6. Differences
between this embodiment and the embodiment of FIGS. 1-6 involve the filter media 200 having
the opposite fluid flow path of the filter media 100 and the fluid path in the filter media 200
being the opposite of the filter media 100. Accordingly, like numbering is used to designate
like parts between the filter media 200 and the filter media 100. As will be appreciated, due to
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the orientation and fluid flow path, the filter media 200 provides improvements in capacity over

alternative arrangements.

[0034] FIG. 8 shows a perspective view of a folded (i.e., pleated) filter media sheet 102 of the
filter media 200. FIGS. 9, 10, and 11 each show a different perspective view of the filter media
200. As described below, the filter media 200 includes a plurality of flow channels 36 having a
tetrahedral shape. Additional details of the filter media 200 are generally described in U.S.
Patent No. 8,397,920, which is herein incorporated by reference in its entirety and for all
purposes. The filter media 200 has an upstream inlet 124 receiving incoming dirty fluid as
shown at arrows 125, and a downstream outlet 122 discharging clean filtered fluid as shown at
arrows 123. The filter media 200 is composed of a folded filter media sheet 102 that is pleated
along a plurality of bend lines 26. The bend lines extend axially along an axial direction 28
(e.g., as shown best in FIGS. 9-11), and include a first set of bend lines 32 extending from
upstream inlet 124 axially towards downstream outlet 122 and a second set of bend lines 30
extending from downstream outlet 122 towards upstream inlet 124. The filter media 200
comprises a plurality of filter media wall segments 34 extending in serpentine manner between
the bend lines. The wall segments 34 extend axially and define axial flow channels 36
therebetween. The flow channels 36 have a height 38 along a transverse direction 40, which
transverse direction 40 is perpendicular to axial direction 28 (e.g., as shown in FIG. 9). The
flow channels 36 have a lateral width 42 along a lateral direction 44. The lateral direction is
perpendicular to axial direction 28 and is perpendicular to transverse direction 40. As
described below, at least some of the noted bend lines taper in the noted transverse direction as

they extend axially in the noted axial direction.

[0035] The wall segments 34 include a first set of wall segments 54 (e.g., as shown in FIGS.
9 and 10) that are alternately sealed to each other at upstream inlet 124 (e.g., by adhesive 48 or
the like) to define a first set of channels 60 having open upstream ends, and a second set of
tetrahedron channels 58 interdigitated with the first set of tetrahedron channels 60 and having
closed upstream ends. The wall segments 34 include a second set of wall segments 46 (e.g., as
shown in FIGS. 10 and 11) that are alternately sealed to each other at downstream outlet 122
(e.g., by adhesive 56 or the like) to define a fourthset of tetrahedron channels 50 (e.g., as shown
10
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in FIG. 11) having open downstream ends, and a third set of tetrahedron channels 52 having
closed downstream ends. The first set of bend lines 32 comprises a first subset of bend lines 68
defining the first set of tetrahedron channels 60 and a second subset of bend lines 66 defining
the second set of tetrahedron channels 58. The first subset of bend lines 68 taper in the
transverse direction 40 as they extend from upstream inlet 124 axially towards downstream
outlet 122 (e.g., as shown in FIGS. 10 through 13). The second set of bend lines 30 comprises
a fourth subset of bend lines 62 defining the fourth set of tetrahedron channels 50, and a third
subset of bend lines 64 defining the third set of tetrahedron channels 52. The third subset of
bend lines 64 taper in transverse direction 40 as they extend from downstream outlet 122
axially towards upstream inlet 124 (e.g., as shown in FIGS. 10 through 13). The third set of
tetrahedron channels 52 have a decreasing transverse channel height 38 along transverse
direction 40 as the third set of tetrahedron channels 52 extend axially along axial direction 28
towards upstream inlet 124. The tapering of the third subset of bend lines 64 in the transverse
direction 40 provides the decreasing transverse channel height 38 of the third set of tetrahedron
channels 52. The first set of tetrahedron channels 60 have a decreasing transverse channel
height along transverse direction 40 as the first set of tetrahedron channels 60 extend axially
along axial direction 28 towards downstream outlet 122. The tapering of the first subset of
bend lines 68 in the transverse direction 40 provides the decreasing transverse channel height

38 of the first set of tetrahedron channels 60.

[0036] Still referring to FIGS. 8-11, incoming dirty fluid 125 to be filtered flows along axial
direction 28 into open tetrahedron channels 60 at upstream inlet 124 and passes laterally and/or
transversely through the filter media wall segments of the pleated filter element and then flows
axially along axial direction 28 as clean filtered fluid through open tetrahedron channels 50 at
downstream outlet 122. A third subset of bend lines 64 provides lateral cross-flow thereacross
along lateral direction 44 between respective channels downstream of upstream inlet 124. A
first subset of bend lines 68 provides lateral cross-flow thereacross along lateral direction 44
between respective channels upstream of downstream outlet 122. The first and third subsets of
bend lines 68 and 64 have axially overlapping sections 70, and the noted lateral cross-flow is

provided at least at axially overlapping sections 70.

11
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[0037] The third subset of bend lines 64 taper to respective termination points 72 (e.g., as
shown in FIGS. 10 through 13), providing at such termination points the minimum transverse
channel height 38 of the third set of tetrahedron channels 52. The first subset of bend lines 68
taper to respective termination points 74, providing at such termination points the minimum
transverse channel height 38 of the first set of tetrahedron channels 60. Termination points 72
of third subset of bend lines 64 are axially upstream of termination points 74 of first subset of
bend lines 68. This provides the noted axially overlapping sections 70. Termination points 72
of third subset of bend lines 64 are at upstream inlet 124 in one embodiment, and in other
embodiments are axially downstream of upstream inlet 124. Termination points 74 of first
subset of bend lines 68 are at downstream outlet 122 in one embodiment, and in other

embodiments are axially upstream of downstream outlet 122.

[0038] A second set of wall segments 46 alternately sealed to each other at adhesive 48 at
downstream outlet 122 define a fourth set of tetrahedron channels 50 having open downstream
ends, and a third set of tetrahedron channels 52 interdigitated with the fourth set of tetrahedron
channels 50 and having closed downstream ends. A first set of wall segments 54 alternately
sealed to each other at adhesive 56 at upstream inlet 124 define a second set of tetrahedron
channels 58 having closed upstream ends, and a first set of tetrahedron channels 60
interdigitated with the second set of tetrahedron channels 58 and having open upstream ends.
The second set of bend lines 30 includes the fourth subset of bend lines 62 defining the fourth
set of tetrahedron channels 50, and the third subset of bend lines 64 defining the third set of
tetrahedron channels 52. The third subset of bend lines 64 taper in the transverse direction 40
as they extend from downstream outlet 122 axially towards upstream inlet 124. The first set of
bend lines 32 includes the second subset of bend lines 66 defining the second set of tetrahedron
channels 58, and the first subset of bend lines 68 defining the first set of tetrahedron channels
60. The first subset of bend lines 68 taper in the transverse direction 40 as they extend from

upstream inlet 124 axially towards downstream outlet 122.

[0039] First and second sets of tetrahedron channels 60 and 58 face oppositely to third and

fourth sets of tetrahedron channels 52, and 50, respectively. Each of the first, second, third and

fourth sets of tetrahedron channels 60, 58, 52, 50 is elongated in the axial direction 28. Each of
12
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the first, second, third and fourth sets of tetrahedron channels 60, 58, 52, 50 has a cross-
sectional area along a cross-sectional plane defined by the transverse and lateral directions 40
and 44. The cross-sectional areas of first and second sets of tetrahedron channels 60 and 58
decrease as the of first and second sets of tetrahedron channels 60 and 58 extend along axial
direction 28 from upstream inlet 124 toward downstream outlet 122. The cross-sectional areas
of the third and fourth sets of tetrahedron channels 52 and 50 decrease as the third and fourth
sets of tetrahedron channels 52 and 50 extend along axial direction 28 from downstream outlet
122 toward upstream inlet 124. In some arrangements, the bend lines 26 are bent at a sharp
pointed angle (e.g., as shown at 80 in FIG. 9). In other arrangements, the bend lines 26 are

rounded along a given radius (e.g., as shown in dashed line at 82 in FIG. 9).

[0040] The elongated tetrahedron channels 58 and 60 allow for cross-flow between adjacent
channels. In air filter implementations, this cross-flow allows for more even dust loading on
the downstream side of the media. In one embodiment, the elongated tetrahedron channels are
shaped to purposely allow for more downstream void volume than upstream void volume, to
increase filter capacity. Various fluids may be filtered, including air or other gases, and

including liquids.

[0041] The filter element is further provided with a substantially flat sheet 84 extending
laterally across the bend lines. In one embodiment, the flat sheet 84 is formed of filter media
material, which may be the same filter media material as the folded filter media sheet 102. The
flat sheet 84 extends axially along the full axial length along axial direction 28 between
downstream outlet 122 and upstream inlet 124, and extends laterally along the full lateral width
along lateral direction 44 across and sealing the channels to prevent bypass of dirty upstream
air to clean downstream air without passing through and being filtered by a wall segment 34.

In some arrangements, the flat sheet 84 is generally rectiplanar along a plane defined by axial

direction 28 and lateral direction 44.

[0042] As shown in FIG. 12, the flat sheet 84 includes a plurality of embossments 502. The
embossments 502 form a raised surface (with respect to the generally rectiplanar surface of the

flat sheet 84) on a first side of the flat sheet 84 and a corresponding lowered surface (with
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respect to the generally rectiplanar surface of the flat sheet 84). Although shown as being oval
in shape, the embossments 502 can have any shape (e.g., circular, triangular, square,
rectangular, etc.). The embossments 502 are arranged in an interrupted straight line pattern. In
some arrangements, the embossments 502 are arranged such that the embossments 502 align
with the peaks of the flow channels 36. Accordingly, when the filter media 200 is folded,
layered, or coiled to form a pleat block, the peaks of the flow channels 36 rest against the raised
surface of the embossments 502 thereby creating a separation distance between the flat sheet 84
and the folded filter media sheet 102, which is maintained during use. The separation distance
increases the dust holding capacity of the filter media 200 and reduces the restriction of the
filter media 200, which results in a lower pressure drop and increased capacity compared to
similar filter media without the embossments. The embossments 502 may be formed in the flat
sheet 84 through an embossment roller. FIG. 13 shows another arrangement of embossments
502 on the flat sheet 84 in which the embossments 502 are arranged in a less dense angled

pattern than the embossments of FIG. 12.

[0043] Referring back to FIGS. 7A through 7C, the close-up perspective views of an
embossment 502 arranged at different angles ¢ on the flat sheet 84 can be applied to the filter
media 200. In each of FIGS. 7A through 7C, the angle ¢ is measured with respect to an X-Y

axis that define the plane of the flat sheet 84. Accordingly, the X axis is aligned with the lateral
direction 44 of FIGS. 9-11 and the Y axis is aligned with the axial direction 28 of FIGS. 9-11.
The angle ¢ of the embossment 502 is selected to optimize the air flow through the filter media
200. As described above, the embossments 502 maintain separation between the layers of the
filter media 200. Accordingly, the angle ¢ is selected to be aligned with the flow direction of
the air through the filter media 200 to minimize added restriction or the introduction of
turbulence into the air flow. In some arrangements, the angle ¢ is between zero and sixty
degrees. In other arrangements, the angle ¢ is between thirty-five degrees and fifty five

degrees. In further arrangements, the angle ¢ is approximately forty-five degrees.

[0044] Referring to FIG. 14, a perspective view of filter media 800 is shown according to an
example embodiment. The filter media 800 is a pleated filter media. The filter media 800
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includes a flat sheet 802 that is alternately folded along pleat fold lines 804 to form the filter
media 800. In some arrangements, the flat sheet 802 is held in the folded or pleated position to
form a pleat block (e.g., as shown in FIG. 17) with adhesive 806. In such arrangements, the
adhesive 806 may be placed on alternate sides of adjacent pleats. The pleat block includes a
clean side (i.e., a filtered fluid outlet side) and a dirty side (i.e., an inlet side that receives fluid
to be filtered). The flat sheet 802 is embossed to create embossments 808. The flat sheet 802
may be embossed by a pair of embossing rollers (e.g., embossing rollers 1002 and 1004 of FIG.
16) to create embossments 808. Each of the embossments 808 forms a raised surface. In some
arrangements, the embossments 808 are created prior to the flat sheet 802 being pleated. In
some arrangements, the embossments 808 are linear in shape. The embossments 808 extend in
a direction that is perpendicular to the pleat fold lines 804. As in the filter media 100, the
embossments 808 maintain a separation distance between adjacent pleats during use of the
filter media 800. The separation distance increases the dust holding capacity of the filter media
800 and reduces the restriction of the filter media 800, which results in a lower pressure drop

and increased capacity compared to similar filter media without the embossments 808.

[0045] Referring to FIG. 15, a perspective view of filter media 900 is shown according to an
example embodiment. The filter media 900 is similar to the filter media 800. The filter media
900 includes a flat sheet 902 that is alternately folded along pleat fold lines 904 to form the
filter media 900. In some arrangements, the flat sheet 902 is held in the folded or pleated
position to form a pleat block (e.g., as shown in FIG. 17) with adhesive 906. In such
arrangements, the adhesive 906 may be placed on alternate sides of adjacent pleats. The pleat
block includes a clean side (i.e., a filtered fluid outlet side) and a dirty side (i.e., an inlet side
that receives fluid to be filtered). The flat sheet 902 is embossed to create embossments 908.
The flat sheet 902 may be embossed by a pair of embossing rollers (e.g., embossing rollers
1002 and 1004 of FIG. 16) to create embossments 908. Each of the embossments 908 forms a
raised surface. In some arrangements, the embossments 908 are created prior to the flat sheet
902 being pleated. The difference between the filter media 900 and the filter media 800 is the
orientation and arrangement of the embossments 908. In some arrangements, the embossments

908 are linear in shape. The embossments 908 are oriented at an angle 910 with respect to the
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pleat fold lines 904. The angle 910 of the embossments 904 may be any of the angles
described above with respect to the angle ¢ of the embossment 502 of the filter media 100. The
angle 910 is less than 90 degrees. In some arrangements, the orientation of the embossments
908 is flipped about a center line 912 of the filter media 900. As in the filter media 100, the
embossments 908 maintain a separation distance between adjacent pleats during use of the
filter media 900. The separation distance increases the dust holding capacity of the filter media
900 and reduces the restriction of the filter media 900, which results in a lower pressure drop

and increased capacity compared to similar filter media without the embossments 908.

[0046] Referring to FIG. 16, a perspective view of an embossing system 1000 is shown
according to an example embodiment. The embossing system 1000 includes a first embossing
roller 1002 and a second embossing roller 1004. The embossing rollers 1002 and 1004 are
arranged in an opposing manner such that a sheet (e.g., the flat sheet 84, the flat sheet 802, the
flat sheet 902, etc.) can be fed between the rollers 1002 and 1004 and embossed. Each
embossing roller 1002 and 1004 includes projections 1006 that are arranged to provide
embossments (e.g., embossments 502, embossments 808, embossments 908, etc.) to a flat sheet
that passes between the rollers 1002 and 1004. In some arrangements, each roller 1002 and
1004 also includes a plurality of linear depressions 1008 extending across a length of the roller
that provide creases where the flat sheet will be folded if the flat sheet is to be folded into
pleated filter media. The linear depressions 1008 are perpendicular to the centerline 1010 of
the rollers (which corresponds to the centerline of the flat sheet that is fed through the
embossing system 1000).

[0047] Referring to FIG. 17, a cross-sectional view of a filtration system 1100 is shown
according to an example embodiment. The filtration system 1100 includes a housing 1102
having an inlet (marked by inlet flow arrow 1104) and an outlet 1106. The filtration system
1100 includes two V-shaped filter elements 1108. Each of the V-shaped filter elements 1108
includes two pleat blocks 1110 that are arranged in a V-shape. The pleat blocks 1110 may be
formed from the filter media 800 or the filter media 900. As fluid (e.g., air) passes from the
inlet through the outlet 1106 of the housing 1102, the fluid passes through one of the pleat
blocks 1110 where the fluid is filtered.
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[0048] Referring to FIG. 18, a cross-sectional view of an air filtration system 1200 is shown
according to an example embodiment. The system 1200 filters air and provides clean air to a
device, such as an internal combustion engine. The system 1200 is shown with an upper
member 1202 secured to a housing 1204. The upper member 1202 is removably secured to the
housing 1204 through a plurality of connections formed between the upper member 1202 and
the housing 1204. The connections are formed by any suitable mechanical connection, such as
snap-fit connections (e.g., formed by mating detents on the housing 1204 and the upper
member 1202), screws, bolts, or the like. In some arrangements, the upper member 1202 is an
inlet grate. The upper member 1202 includes an inlet opening 1208, and the housing 1204
includes an outlet opening 1210. The inlet opening 1208 and the outlet 1210 are substantially
aligned such that a common axis passes through the centers of the inlet opening 1208 and the
outlet opening 1210. Air to be filtered by the system 1200 enters the housing 1204 through the
inlet opening 1208, passes through the housing 1204, and exits the housing 1204 through the
outlet opening 1210. As described in further detail below, the housing 1204 includes a filter
element 1304 positioned between the inlet opening 1208 and the outlet opening 1210 such that
the air passing through the housing 1204 is filtered through the filter element 1304. Although
the upper member 1202 may contact certain portions of the filter element 1304, the upper
member 1202 is not fixed to the filter element 1304 such that the upper member 1202 can be
removed from the filter element 1304 used with replacement filter elements. Since the upper
member 1202 is reusable with replacement filter elements, replacement filter elements can be
produced at a lesser cost than replacement filter elements that have an integral cover portion.
The reusable upper member 1202 also reduces waste with each filter element replacement

service in comparison to replacement filter elements that have an integral cover portion.

[0049] The housing 1204 includes a central compartment 1302 positioned between the inlet
opening 1208 and the outlet opening 1210. As shown in FIG. 18, the filter element 1304 is
positioned in the central compartment 1302 of the housing 1204. The filter element 1304 is in
an installed position (i.e., the filter element 1304 is received in the compartment 1302 and the
upper member 1202 is secured to the housing 1204). The filter element 1304 is an axial flow
filter element. The filter element 1304 includes a central tube 1306 and filter media 1308
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surrounding the central tube 1306. In some arrangements, the central tube 1306 is comprised
of cardboard, which may be less expensive and more environmentally friendly than plastic. In
one embodiment, the central tube 1306 is not perforated or porous, although other
embodiments may include perforations and/or a certain level of porosity. A portion of the
central tube 1306 extends into an opening in the upper member 1202 when the filter element
1304 is received in the housing 1204 in the installed position. In an alternative arrangement,
the central tube 1306 does not extend into the upper member 1202 and includes a cap to seal
the top portion of the central tube 1306. The filter media 1308 includes an inlet face 1310 that
is substantially adjacent to the inlet opening 1208 of the upper member 1202. The filter media
1308 includes an outlet face 1312 that is substantially adjacent to the outlet opening 1210. The
inlet face 1310 is spaced apart from the outlet face 1312. The inlet face 1310 is substantially
parallel to the outlet face 1312. In an alternative arrangement, the filter element 1304 does not
include a central tube. In such an arrangement, the filter media 1308 may be wound around a

removable core.

[0050] The filter media 1308 may include pleated media (e.g., as described above with
respect to filter media 800 or filter media 900), corrugated media, tetrahedral media (e.g., as
described above with respect to filter media 100), or variations thereof. The filter media 1308
may be wound around the central tube 1306. The central tube 1306 is closed on both ends. A
top end of the central tube 1306 is closed by the upper member 1202. In some arrangements, a
bottom end of the central tube 1306 is closed by a cap 1314. However, it is possible for such a
cap 1314 to be used to close the top end of the central tube 1306, either in place of or in
addition to the use of a cap 1314 on the bottom end of the central tube 1306.

[0051] The filter element 1304 includes an upper support ring 1316. The upper support ring
1316 circumscribes the filter media 1308 adjacent the inlet face 1310. The upper support ring
1316 may be plastic, a polymer, or the like. In some arrangements, the upper support ring 1316
is secured to the filter media 1308 with an adhesive. In other arrangements, the upper support
ring 1316 is secured to the filter media 1308 with a friction fit. The upper support ring 1316
includes an upper seal 1318. The upper seal 1318 may be a flat gasket. The upper seal 1318
may be an elastomeric seal. In some arrangements, the upper seal 1318 is a molded
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polyurethane seal. When the filter element 1304 is received within the housing 1204, the upper
seal 1318 rests against an upper portion of the housing 1204. The upper member 1202
compresses the upper seal 1318 against the housing 1204 forming an axial seal between the
upper support ring 1316 and the housing 1204. Accordingly, when the filter element 1304 is
received in an installed position within the housing 1204, air passing through the system 1200
(i.e., from the inlet opening 1208 to the outlet opening 1210) is forced to pass through the filter
media 1308. Additionally, the upper seal 1318 also prevents dust buildup on the inside walls of
the housing 1204 during operation.

[0052] The upper seal 1318 is compressed by an axial sealing force. The force of the upper
member 1202 pressing down on the filter element 1304 when the filter element 1304 is
received within the housing 1204 assists in creating the upper seal. In some arrangements, the
compression distance for the upper seal 1318 caused by the upper member 1202 is limited to
approximately fifteen to forty percent of the upper seal 1318. However, because the upper seal
is created with an axial sealing force, the pressure differential caused by the filter element
between the inlet face 1310 and the outlet face 1312 also assists in pressing the upper seal 1318
against the housing 1204. Accordingly, if a technician does not fully tighten the upper member
1202 onto the housing 1204, normal operational forces caused by the air pressure differential

across the filter element 1204 are sufficient to create the upper seal.

[0053] In some arrangements, the filter element 1304 includes a lower support ring 1320.
The lower support ring 1320 circumscribes the filter media 1308 adjacent the outlet face 1312.
The lower support ring 1320 may be plastic, a polymer, or the like. In some arrangements, the
lower support ring 1320 is secured to the filter media 1308 with an adhesive. In other
arrangements, the lower support ring 1320 is secured to the filter media 1308 with a friction fit.
The lower support ring includes a lower support element 1322. The lower support element
1322 may be an annular support element comprised of a porous and deformable material. In
some arrangements, the lower support element is a permeable media gasket. In some
arrangements, the lower support element 1322 is comprised of an open foam, a lofty meltblown
permeable media, or felt. When the filter element 1304 is received within the housing 1204 in
an installed position, the lower support element 1322 rests against an angled surface 1324 of
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the housing 1204. In some arrangements, attachment of the upper member 1202 to the housing
1204 compresses the lower support element 1322 against the angled surface 224 when the filter
element 1304 is received within the housing 1204 in an installed position. The lower support
element 1322 helps position and secure the filter element 1304 during installation of the filter
element 1304 into the housing 1204. After installation into the installed position, the lower
support element 1322 helps to retain the filter element 1304 in the installed position and helps
to reduce vibration of the filter element 1304 during use. Further, the lower support element
1322 reduces the risk of the filter element 1304 vibrating against the housing 1204, referred to
as “chatter,” during use of the filter element 1304. Additionally, the lower support element
1322 significantly reduces the surface friction between the filter element 1304 and the housing
1204 over a polyurethane seal. In some arrangements, the lower support ring 1320 does not
include a lower support element 1322. In such arrangements, the upper seal 1318 is the
primary support surface between the housing 1204 and the filter element 1304 when the filter
element 1304 is received in the housing 1204. In other arrangements, the filter element does

not include a lower support ring 1320.

[0054] It should be noted that any use of the term “example” herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

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

[0055] As utilized herein, the term “substantially” and similar terms are intended to have a
broad meaning in harmony with the common and accepted usage by those of ordinary skill in
the art to which the subject matter of this disclosure pertains. 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 (e.g., within plus or minus five percent of a given angle or other value)

are considered to be within the scope of the invention as recited in the appended claims. The
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term “approximately” when used with respect to values means plus or minus five percent of the

associated value.

2%

[0056] References herein to the positions of elements (e.g., “top,” “bottom,” “above,”
“below,” etc.) are merely used to describe the orientation of various elements in the FIGURES.
It should be noted that the orientation of various elements may differ according to other
example embodiments, and that such variations are intended to be encompassed by the present

disclosure.

[0057] The terms “coupled” and the like as used herein mean the joining of two members
directly or indirectly to one another. Such joining may be stationary (e.g., permanent) or
moveable (e.g., removable or releasable). Such joining may be achieved with the two members
or the two members and any additional intermediate members being integrally formed as a
single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.

[0058] It is important to note that the construction and arrangement of the various example
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily
appreciate that many modifications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements, values of parameters, mounting
arrangements, use of materials, colors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter described herein. For example, elements
shown as integrally formed may be constructed of multiple parts or elements, the position of
elements may be reversed or otherwise varied, and the nature or number of discrete elements or
positions may be altered or varied. The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodiments. Additionally, features from
particular embodiments may be combined with features from other embodiments as would be
understood by one of ordinary skill in the art. Other substitutions, modifications, changes and
omissions may also be made in the design, operating conditions and arrangement of the various

example embodiments without departing from the scope of the present invention.
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WHAT IS CLAIMED IS:

1. Filter media comprising:
a first sheet of filter media having a first side and a second side and pleated along a
plurality of bend lines to form a plurality of wall segments;
the plurality of wall segments comprising a first set of wall segments alternately sealed
to each other at the first side to define:
a first set of tetrahedron channels having open first ends, and
a second set of tetrahedron channels interdigitated with the first set of
tetrahedron channels and having closed first ends;
the plurality of wall segments comprising a second set of wall segments alternately
sealed to each other at the second side to define:
a third set of tetrahedron channels having closed second ends, and
a fourth set of tetrahedron channels interdigitated with the third set of
tetrahedron channels and having open second ends;
a second sheet of filter media extending across the first sheet of filter media, the second
sheet of filter media comprises an embossment that forms a raised surface configured to

maintain a gap between the second sheet of filter media and an adjacent sheet of filter media.

2. The filter media of claim 1, wherein the embossment is arranged to interact with a peak

of a tetrahedron flow channel of the adjacent sheet of filter media.

3. The filter media of claim 1, wherein the second sheet of filter media comprises a
plurality of embossments, the plurality of embossments comprising the embossment, the

plurality of embossments arranged in an interrupted straight line pattern.

4. The filter media of claim 1, wherein the first side comprises an upstream inlet
configured to receive fluid to be filtered, and wherein the second side comprises a downstream

outlet configured to output filtered fluid.
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5. The filter media of claim 1, wherein the second side comprises an upstream inlet
configured to receive fluid to be filtered, and wherein the first side comprises a downstream

outlet configured to output filtered fluid.

6. The filter media of claim 1, wherein the embossment is linear in shape.

7. The filter media of claim 1, wherein the embossment extends in a direction that is

perpendicular to an axis defined by a bend line of the plurality of bend lines.

8. The filter media of claim 1, wherein the embossment extends in a direction that is non-

perpendicular to an axis defined by a bend line of the plurality of bend lines.

9. The filter media of claim 1, wherein the first side comprises a substantially v-shaped
inlet, a v-shaped inlet height being the distance from a lower end of the v-shaped inlet to an
upper end of the v-shaped inlet, along an axis that is substantially perpendicular to a

longitudinal length of the filter media.

10.  The filter media of claim 1, wherein the second sheet of filter media extends laterally

across the plurality of bend lines from the first side to the second side.

11. The filter media of claim 1, wherein the embossment forms a lowered surface
corresponding to the raised surface, the lowered surface configured to maintain a gap between

the second sheet of filter media and an adjacent sheet of filter media.

12. Filter media comprising:

a flat sheet of filter media that is alternately folded along a plurality of pleat fold lines
thereby defining a pleat block, the flat sheet of filter media comprising a plurality of
embossments, each of the embossments form a raised surface that maintains a separation

distance between adjacent pleats of the pleat block.
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13. The filter media of claim 12, wherein the embossments are linear in shape.

14. The filter media of claim 13, wherein the embossments extend in a direction that is

perpendicular to an axis defined by a pleat fold line of the plurality of pleat fold lines.

15. The filter media of claim 13, wherein the embossments extend in a direction that is non-

perpendicular to the axis defined by a pleat fold line of the plurality of pleat fold lines.

16. A filter element comprising the filter media of claim 1 or 6.

17. A filtration system comprising:
a housing body, the housing body comprising:

a housing outlet, a housing inlet, and a central compartment; and
a filter element installed in the central compartment, the filter element comprising filter

media, the filter media comprising:

a first sheet of filter media having an upstream inlet adjacent to the housing inlet
and a downstream outlet adjacent the housing outlet, and pleated along a plurality of
bend lines to form a plurality of wall segments;

the plurality of wall segments comprising a first set of wall segments alternately
sealed to each other at the upstream inlet to define:

a first set of tetrahedron channels having open upstream ends, and
a second set of tetrahedron channels interdigitated with the first set of
tetrahedron channels and having closed upstream ends;

the plurality of wall segments comprising a second set of wall segments
alternately sealed to each other at the downstream outlet to define:

a third set of tetrahedron channels having open downstream ends, and
a fourth set of tetrahedron channels interdigitated with the third set of

tetrahedron channels and having closed downstream ends;
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a second sheet of filter media extending across the first sheet of filter media, the
second sheet of filter media comprises an embossment that forms a raised surface
configured to maintain a gap between the second sheet of filter media and an adjacent

sheet of filter media.

18. The filtration system of claim 17, further comprising:
an upper member removably secured to the housing body, the upper member
comprising an inlet opening aligned with the housing inlet, wherein a portion of the filter

element contacts the upper member.

19. The filtration system of claim 17, further comprising:
an upper support ring coupled to the first side of the filter media, the upper support ring

circumscribing the filter media adjacent the first side.
20. The filtration system of claim 17, the filter element further comprising a filter element

sidewall formed by the filter media, the filter element sidewall being tapered with respect to the

first side.
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This International Searching Authority found multiple inventions in this international application, as follows:

see supplemental box

\

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchahle claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

rcstricstczd to the invention first mentioned in the claims; it is covered by claims Nos.:
1-11,16-20

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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continued from Box Iil

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-11, 16-20 is directed towards Filter media comprising: a first sheet of filter media having a first side and a second side
and pleated along a plurality of bend lines to form a plurality of wall segments; the plurality of wall segments comprising a first set of wall
segments alternately sealed to each other at the first side to define: a first set of tetrahedron channels having open first ends, and a
second set of tetrahedron channels interdigitated with the first set of tetrahedron channels and having closed first ends; the plurality of
wall segments comprising a second set of wall segments alternately sealed to each other at the second side to define: a third set of
tetrahedron chanhels having closed second ends, and a fourth set of tetrahedron channels interdigitated with the third set of tetrahedron
channels and having open second ends; a second sheet of filter media extending across the first sheet of filter media, the second sheet
of filter media comprises an embossment that forms a raised surface configured to maintain a gap between the second sheet of filter
media and an adjacent sheet of filter media.

Group ll: Claims 12-15 is directed towards Filter media comprising: a flat sheet of filter media that is alternately folded along a plurality
of pleat fold lines thereby defining a pleat block, the flat sheet of filter media comprising a plurality of embossments, each of the
embossments form a raised surface that maintains a separation distance between adjacent pleats of the pleat block.

The inventions listed as Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

Group | requires a first sheet of filter media having a first side and a second side and pleated along a plurality of bend lines to form a
plurality of wall segments; the plurality of wall segments comprising a first set of wall segments alternately sealed to each other at the
first side to define: a first set of tetrahedron channels having open first ends, and a second set of tetrahedron channels interdigitated with
the first set of tetrahedron channels and having closed first ends; the plurality of wall segments comprising a second set of wall
segments alternately sealed to each other at the second side to define: a third set of tetrahedron channels having closed second ends,
and a fourth set of tetrahedron channels interdigitated with the third set of tetrahedron channels and having open second ends; a second
sheet of filter media extending across the first sheet of filter media, the second sheet of filter media comprises an embossment that
forms a raised surface configured to maintain a gap between the second sheet of filter media and an adjacent shest of filter media, not
required by groups II.

Group li requires a flat sheet of filter media that is alternately folded along a plurality of pleat fold lines thereby defining a pleat block, the
flat sheet of filter media comprising a plurality of embossments, each of the embossments form a raised surface that maintains a
separation distance between adjacent pleats of the pleat block, not required by groups .

Shared Technical Features:

Groups |-l share the common feature of a sheet of filter media comprises an embossment that forms a raised surface configured to
maintain a gap between the sheet of filter media and an adjacent sheet of filter media. However, these shared technical features do not
represent a contribution over prior art, because the shared technical feature is anticipated by US 2012/0118814 A1 to Moy et
al.(hereinafter Moy). Moy discloses a sheet of filter media (para [0002), this invention relates to pleated filter elements), comprises an
embossment (para [0026), embossments may be used as needed) that forms a raised surface configured to maintain a gap between the
sheet of filter media and an adjacent sheet of filter media (para {0026), for spacing and support between stacked elements and Figure 12
showing embossment labeled 88 that provides spacing between adjacent stacked elements).

As the shared technical features were known in the art at the time of the invention, they cannot be considered special technical features
that would otherwise unify the groups. Therefore, Groups !-ll lack unity under PCT Rule 13.

Form PCT/ISA/210 (extra sheet) (January 2015)
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