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FILTER ASSEMBLY WITH CAM-LOCK FILTER INTERFACE

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/007,283, filed June 3, 2014, the entire disclosure of which is incorporated

herein by reference.
FIELD
[0002] The present invention relates generally to filter assemblies.
BACKGROUND

[0003] Typically, current filters, such as air cleaners, include a main housing, a cover, and a
primary filter element. The filter element is removable from the housing for servicing or
replacement. In order to secure the filter element within the housing, the filter element is
sandwiched or axially sealed between the cover and the housing. Accordingly, it is difficult to
properly position the filter element within the housing and further ensure that a proper seal is
achieved. Additionally, the geometry of the filter element can make it difficult to remove the

filter element from the housing.
SUMMARY

[0004] Various embodiments provide for a filter assembly comprising a housing and a cover
movably connected to the housing and movable between an open position and a closed
position. At least one projection extends from the cover towards an interior of the housing and
a filter element that fits at least partially within the housing. When the cover is moved from
the open position to the closed position, at least one projection interfaces with the filter element
and causes the filter element to pivot within the housing, such that the at least one projection

seals the filter element and the housing together when the cover is in the closed position.

[0005] Other embodiments provide for a filter assembly that includes a housing, a filter
element that fits at least partially within the housing, and a wedge unit that is movable relative

to the housing and the filter element between a disengaged position and an engaged position.
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The wedge unit includes at least one projection extending toward an interior of the housing.
When the wedge unit is moved from the disengaged position to the engaged position, the at
least one projection interfaces with the filter element and the housing and causes the filter
element to pivot within the housing, such that the at least one projection seals the filter element

and the housing together when the wedge unit is in the engaged position.

[0006] Still other embodiments provide for a filter assembly including a housing and a filter
element that fits at least partially within the housing. The filter element includes a filter
element body and a cam unit. The cam unit is movably attached to the filter element body and
movable between a disengaged position and an engaged position when the filter element is
positioned within the housing. The cam unit includes at least one projection extending toward
an interior of the housing. When the cam unit is rotated from the disengaged position to the
engaged position, the at least one projection interfaces with the housing and causes the filter
element to pivot within the housing, such that the at least one projection seals the filter element

and the housing together when the cam unit is in the engaged position.

[0007] Even further, other embodiments provide for a filter element including a filter
element body and a cam unit. The cam unit is movably attached to the filter element body and
movable between a disengaged position and an engaged position when the filter element is
positioned within a housing. The cam unit includes at least one projection. When the filter
element is positioned within the housing and the cam unit is rotated from the disengaged
position to the engaged position, the at least one projection interfaces with the housing and
causes the filter element body to pivot within the housing, such that the at least one projection

seals the filter element and the housing together when the cam unit is in the engaged position.

[0008] Additional embodiments provide for a method of sealing a filter, including inserting a
filter element into a housing, aligning an edge of the filter element with an edge of the housing;
and closing a cover on the housing, thereby causing the filter element to pivot within and seal

with the housing.

[0009] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A-1B are exploded, perspective views of a filter assembly according to one

embodiment.

[0011] FIG. 1C is a close-up, perspective view of a filter element that may be disposed in the
filter assembly of FIGS. 1A-1B.

[0012] FIG. 2 is an exploded, perspective view of a filter assembly according to one

embodiment.

[0013] FIGS. 3A-3B are exploded, perspective views of a filter assembly according to

another embodiment.

[0014] FIGS. 4A-4B are cross-sectional views of a sealing interface between a frame of the

filter element and the housing that may be disposed in the filter assembly of FIGS. 1A-1B.

[0015] FIGS. SA-5B are cross-sectional views of the bottom portions of the housing and
filter element of FIGS. 1A-1B.

[0016] FIGS. 6A-6B are cross-sectional, side views of the filter assembly of FIGS. 1A-1B

with a cover in an open position.

[0017] FIG. 7 is a perspective view of a projection on the cover of the filter assembly of

FIGS. 6A-6B.
[0018] FIGS. 8A-8B are cross-sectional side views of the filter assembly of FIGS. 6A-6B.

[0019] FIGS. 9A-9B are cross-sectional side views of the filter assembly of FIGS. 1A-1B

with a cover in a closed position.

[0020] FIGS. 10A-10B are cross-sectional perspective and side views, respectively, of the
filter assembly of FIGS. 9A-9B.

[0021] FIG. 11 is a cross-sectional, view of the filter assembly of FIGS. 10A-10B.

[0022] FIGS. 12A-12B are exploded, perspective views of a filter element according to

another embodiment.
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[0023] FIGS. 13A-13B are perspective views of a filter assembly according to another

embodiment.

[0024] FIGS. 14A-14C are perspective views of a filter assembly according to another

embodiment, and FIGS. 14D-14F are cross-sectional side views thereof;

[0025] FIGS. 15A-15B are perspective views of a filter element according to yet another
embodiment, FIGS. 15C-15D are cross-sectional side views of the filter element of FIG. 15A,
and FIGS. 15E-15F are perspective views of a filter assembly with the filter element of FIG.
15A.

DETAILED DESCRIPTION

[0026] Referring to the figures generally, the various embodiments disclosed herein relate to
a filter assembly, such as an air cleaner, with a filter element and a housing. The filter element
may be removably attachable to the housing and the housing may be configured such that
closing a cover to the housing may properly position, align, and seal the filter element to the
housing. For example, the housing may include a cam mechanism or protrusion to cause the

filter element to pivot into a sealing relationship with the housing as the cover is closed.

[0027] The filter assembly, as described further herein, may therefore eliminate installation
error, improve the ease of use and installation, and ensure that the filter element is properly
assembled and positioned and a robust seal is achieved. The filter assembly may further allow

the filter element to be easily serviced.

[0028] According to one embodiment, the filter assembly may include components which
interact to allow a filter element to be secured within and completely sealed to the filter
assembly. In order to obtain such a connection and seal, the filter element is inserted into the
housing and a cover of the housing is moved from an open position to a closed position by
rotating about a first pivot axis. As the cover is being closed, the cover causes the filter
element to move to a sealed position within the filter assembly (the filter element may rotate
about a second pivot axis within the housing). For example, the cover may include at least one
cam or projection along an inside surface to mechanically link to a portion of the filter element
and push the filter element into a sealed position. As the cover is moved toward to the

housing, the projection extends into the housing and rotates into a pocket or opening of the
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housing (e.g. the path of the arc of the projection may extend into the pocket). A portion of the
filter element (e.g. the frame) lies in the path of the arc (within the housing). Therefore, as the
projection is moved further into the housing, the projection acts against the filter element. As
the cover continues to rotate, the projection pushes the filter element along the arc toward a
filter seal area of the housing. Once the cover is completely in the closed position, the
projection holds and presses the filter element against the housing, creating a complete seal
between the housing and the filter element and maintaining the position of the filter element

within the housing.

[0029] Referring to FIGS. 1A-2, there is shown a panel style air filter, air cleaner, or filter
assembly 20. The filter assembly 20 may include a housing 40 and a filter element 60. The
housing 40 may be configured to house, hold, or contain the filter element 60. The filter
clement 60 may be any type of filter, such as a panel filter, and may use or include filter media
62 to filter a variety of materials, including but not limited to a fluid, liquid, gas, or air. The
filter element 60 may also include a sleeve, frame portion, or frame 64 and a gasket or seal 66,
as shown in greater detail in FIG. 1C. The filter media 62, frame 64, and seal 66 may be
integral or separate components, according to the desired configuration. The filter element 60
may optionally include certain features, such as a handle, to assist in removal from the housing
40. A label may be added to the filter element 60 for identification or other informational

purposes.

[0030] The filter media 62 may be shaped and sized according to the desired configuration
and use. The frame 64 and the seal 66 may be shaped and sized to work in conjunction with a
variety of different filter media 62. For example, as shown in FIG. 2, the filter media 62 may
be generally a rectangular prism and a panel-style filter. According to another embodiment
and as shown in FIGS. 3A-3B, the filter media 62 may be generally cylindrical or a cylindrical-
style filter. As shown in FIGS. 2-3B, the filter assembly 20 may include a “post cleaner” or a
secondary filter element 72. For example, the secondary filter element 72 may have filter
media that further filters out fine particles from the material being filtered (e.g. a particulate
filter). The filter media of the secondary filter element 72 may optionally have different pore
sizes than the filter element 62. For example, the size of the pores within the secondary filter
element 72 may optionally be smaller than that of the filter 61. Alternatively or additionally,

the secondary filter element 72 may be used for sound attenuation.
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[0031] The frame 64 may be used to provide structural support to the filter element 60 and to
provide resistance to prevent the filter element 60 from collapsing, while allowing the filter
element 60 to be securely and tightly sealed against the housing 40. For example, the frame 64
may comprise a rigid body or structure and may serve as a carrier for the filter element 60.

The frame 64 may further prevent the filter element 60 from flexing or deforming.
Accordingly, the frame 64 may increase the robustness of the filter element 60. The frame 64
may further be shaped or have complementary geometry to interface or interact with a portion
of the housing 40, such as a protrusion on the cover of the housing 40. According to one
embodiment, the frame 64 may provide or incorporate certain geometry, such as a handle, for

ease of servicing and increased functionality.

[0032] According to one embodiment, the frame 64 may be sealed to or integral with certain
portions of the filter element 60. For example, the seal 66 and the frame 64 may be integrated
together, as shown in FIGS. 4A-5B and 11. For example, the frame 64 may be at least partially
within the seal 66 and the seal 66 may cover an outer portion or edge of the frame 64 (to

interface with the housing 40).

[0033] According to another embodiment and as shown in FIGS. 12A-12B, the frame 64
may be a separate component or element from the rest of the filter element 60. The frame 64
may optionally be pressed onto or attached to the filter element 60, thereby providing structural
support to the filter element 60. Accordingly, the frame 64 may be reused after the filter
element 60 has been replaced. The frame 64 may, in particular embodiments, include an

additional compressible gasket or seal to allow the frame 64 to seal to the housing 40.

[0034] The frame 64 may be constructed out of a variety of materials. For example, the
frame 64 may be a plastic (e.g. polymer) or metal filter frame, which may improve the

aesthetics and perceived quality of the filter element 60.

[0035] The seal 66 may allow the filter element 60 to completely seal to the housing 40 and
prevent leakage or the mixing of filtered material and the unfiltered material within the housing
40. The seal 66 may be a radial seal panel or an extrusion directly attached to a portion of the
filter media 62 or frame 64. For example, the seal 66 may encompass an outer portion,
circumference, or perimeter of the filter element 60, such as the frame 64 or the filter media 62.
The seal 66 may allow the filter element 60 to be assembled and attached to the housing 40 and

sealed entirely within the housing 40. Further, the seal 66 may allow both the inlet and outlet
6
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ducting to be contained within the housing 40 and fluidly separarted from each other when the
cover 50 is in the closed position 24. Alternatively or additionally, the seal 66 may be located
on or attached to the housing 40. The seal 66 may use a variety of different technologies or

materials to form or create a seal with the housing 40, such as polyurethane.

[0036] The housing 40 may be used to hold or secure the filter element 60 and direct or guide
the flow of material to be filtered through the filter element 60. The housing 40 may
incorporate all ducting and sensor components for ease of service. For example, the housing
40 may include at least one inlet 42 and at least one outlet 44, as shown in FIGS. 1A and 1B, to
accept inlet and outlet ducting and for the material being filtered to flow through. However, it
is anticipated that the inlet 42 and outlet 44 may be reversed (thereby reversing the direction of
flow) or repositioned, according to the desired configuration. The housing 40 may optionally
include multiple inlets 42 or outlets 44. The inlet 42 and the outlet 44 may be positioned
anywhere along the housing 40. As shown in FIGS. 1A and 1B, the inlet 42 and the outlet 44
may be along different sides of the housing 40 and split between the housing 40 and a cover

50.

[0037] The housing 40 may further include internal alignment features to help guide the filter
element 60 into place within the housing 40. FIG. 4A-4B and 5A-5B depicts a sealing
interface between the housing 40 and the frame 64 of the filter element 60. As shown in FIG.
SA-5B, the housing 40 may include a ramped surface or ramp 54 at the bottom of the housing
40 to help guide the filter element 60 into proper alignment or position within the housing.

The ramp 54 may be angled downward toward the desired location for the filter element 60 to
pivot and seal with the housing 40. Accordingly, as the filter element 60 is placed into the
housing 40, the bottom edge of the filter element 60 may be guided to and aligned with a
bottom edge of the housing 40. The ramp 54 may include a stair-step configuration, rigid
steps, or ribs to further guide the filter element 60 and prevent the filter element 60 from

moving out of position.

[0038] The housing 40 may further include an opening 46 along a portion or side of the
housing 40, with the opening 46 being large enough for the filter element 60 to fit through,
allowing the filter element 60 be inserted through the opening 46 and into the housing 40.
Subsequently, the opening 46 may be sealed, covered, or closed off with the lid, a rotating

piece, or the cover 50. The opening 46 and the cover 50 may be positioned anywhere along the

7
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sides of the housing 40. However, as shown in FIGS. 1A-1B, 6A-6B, and 10A-10B, the
opening 46 and the cover 50 may be on the top of the housing 40, allowing the filter element
60 to be inserted through the top of the housing 40.

[0039] The cover 50 may be movably attached or connected to the housing 40 through a
variety of different mechanisms. For example, the cover 50 may have a hinge interface with or
be hingeably attached to the housing 40 to the cover 50 to move, pivot, or rotate between an
open position 22 (as shown in FIGS. 6A-6B) and a closed position 24 (as shown in FIGS. 10A-
10B) about a first pivot point or axis 78 (substantially parallel to the x-axis). While the cover
50 is in the open position 22, the inside of the housing 40 may be accessed and the filter
element 60 may be inserted or moved into the housing 40. While the cover 50 is in the closed
position 24, the cover 50 may close off the opening 46 and be attached on either side to the
housing 40. In the closed position 24, the cover 50 secures and fixes the filter element 60

within the housing 40.

[0040] According to one embodiment as shown in FIGS. 6A-6B, the cover 50 may be
hingeably attached or connected to the housing 40 such that the hinge 56 is on the same side
(about a lengthwise axis parallel to the x-axis and the first pivot axis 78) of the cover 50 as
projections 52 (described further herein). As shown in FIGS. 10A-10B, when the cover 50 is
closed, the opposite side (from the hinge 56) of the cover 50 may attach to the housing 40. The
hinge 56 allows the cover 56 to rotate or pivot about an axis parallel to the x-axis (i.e., the first
pivot axis 78). The cover 50 may attach or connect to the housing 40 through a variety of
different mechanisms, including but not limited to mechanical fasteners, latches, or magnets.
According to another embodiment as shown in FIGS. 13A-13B, the hinge 56 may be on the

opposite side of the cover 50 as the projections 52.

[0041] According to various embodiments provided herein, the cover 50 and the projections
52 are used to ensure that the filter element 60 is positioned properly within the housing 40 and
to engage and completely seal the filter element 60 to the housing 40. For example, as shown
in FIG. 7, at least one cam-shaped mechanism, surface, feature, rigid extension, protrusion, or
projection 52 extends from the cover 50. The cam or projection 52 may comprise, for
example, a projection on a rotating part of machinery (e.g. the cover 50) or a rotating or sliding
piece, which may be designed to mechanically link or make sliding contact with another part

(e.g. the filter element 60) while rotating or sliding. Therefore, the cam or projection 52 may

8
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interface the filter element 50 and thereby impart or result in reciprocal or variable motion to
the filter element 60 as the cover 50 is being moved. The projection 52 may be positioned so
as to directly or indirectly interact or interface with the filter element 60 as the cover 50 is
being closed toward the housing 40 and once the filter element 60 is within the housing 40. As
the cover 50 is being moved into the closed position 24, the projection 52 extends into the filter
housing 60 and abuts the filter element 60, which causes the filter element 60 to rotate or pivot
within the housing 40, thus creating a seal between the filter element 60 and the housing 40. A
radial seal may optionally be formed between the filter element 60 and the housing 40. When
the cover 50 is closed, the projections 52 may extend or protrude outwardly from the cover 50
toward the interior of the housing 40 and continue to press the filter element 60 toward the

housing 40 to maintain the position of the filter element 60 within the housing 40.

[0042] The projection 52 may optionally be integral with the cover 50. Any number of
projections 52 may be located along the inside surface of the cover 50. According to one
embodiment, the cover 50 may include two projections 52, as shown in FIGS. 13A-13B. The
projection(s) 52 may be located on the same side of the housing 40 as the frame 64 and seal 66
(when the filter element 60 has been inserted into the housing 40) to allow the projection 52 to
engage with the frame 64 and pivot the filter element 60.

[0043] The projection 52 may be shaped and sized to allow the cover 50 to interact with the
filter element 60 (e.g. the frame 64) and fit within a slot 49 of the housing 40. For example, as
shown in FIGS. 8A-9B, the projection 52 may be curved along one side to allow the projection
to fit within the slot 49 in the housing 40 (as the cover 50 is being closed). This curved side is
configured to abut a surface within the slot 49 when the cover 50 is in the closed position to
help push the filter element 60. The other side of the projection 52 may be flat to push against
a portion of the filter element 60, such as the frame 64, in order to cause the filter element 60 to
move, rotate, or pivot about a second pivot point or axis 58 (substantially parallel to the x-axis
and the first pivot axis 78 and as shown in FIGS. 6A-6B and 10A-10B). Accordingly, as the
cover 50 is moved to the closed position 24, the projection 52 wedges in between the housing
40 and the filter element 40 to move the filter element 60 within and with respect to the

housing 40.

[0044] The inside of the housing 40 may further be shaped to receive the projection 52, as

shown in FIG. 7. For example, as the cover 50 pivots closed, the projection 52 may slide

9
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within a curved recessed area, pocket, or slot 49 along a wall or portion of the housing 40. The
slot 49 provides an area for the projection 52 to extend into and supports the projection 52 as

the projection 52 pushes the filter element 60.

[0045] As shown in FIGS. 9A-11, for example, the filter element 60 is configured to
sealingly fit within the housing 40. For example, the housing 40 may have complementary
geometry to allow the filter element 60 to fit within and seal to the housing 40. More
specifically, the housing 40 may optionally include a filter seal area 48, which may be the
recessed area within the inside of the housing 40. The filter seal area 48 may be shaped and
sized to accept and seal the seal 66 of the filter element 60. In the closed position 24, the seal
66 directly abuts and seals with the seal areca 48. The filter seal area 48 may be on a different
plane or side of the housing 40 than the interface between the cover 50 and the housing 40.
According to another embodiment, the seal 66 may be located on the housing 40 and the seal
area 48 may be located on the filter element 60. According to yet another embodiment, the
filter element 60 (without a seal area 48) may directly seal with the seal 66 located on the

housing 40.

[0046] To install the filter element 60 and create a seal between the filter element 60 and the
housing 40, the filter element 60 may be moved through the opening 46 on the top of the
housing 40 while the cover 50 is in the open position 22. As shown in FIGS. 4A-11, the filter
element 60 may be guided into the correct place within the housing 40 and into a sealed
position within the housing 40 via an interaction between the frame 64 and the internal
geometry of the housing 40. For example, as the filter element 60 is being placed within the
housing 40, the filter element 60 may be guided by internal housing features, as shown in
FIGS. 4A-5B, toward where the filter element 60 may pivot. For example, FIGS. 5A-5B
depict the ramp 54 engaging with the bottom edge of the filter element 60, thereby locking a
bottom edge of the filter element 60 in position within the housing 40 while still allowing the
filter element 60 to pivot in place (as shown in FIGS. 6A-6B).

[0047] Once the filter element 60 has been positioned properly along the ramp 54, the filter
clement 60 may be pivotable (along the second pivot axis 58 and about the x-axis) with respect
to and along the bottom portion of the housing 40, as shown in FIGS. 6A-6B and 10A-10B.
Before the cover 50 is closed, there may be a gap or space between the top edge of the filter

clement 60 and the filter seal area 48, while the bottom edge of the filter element 60 (e.g. the

10
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seal 66) may be directly next to the bottom edge of the filter seal area 48, as shown in FIGS.
6A-6B.

[0048] Once the filter element 60 has been placed within the housing 40 and guided to the
correct location by the ramp 54, the cover 50 may be closed. As the cover 50 rotates with
respect to the housing 40 into the closed position 24, the projection(s) 52 may move into the
pocket 49 of the housing 40 (as shown in FIGS. 7-9B) to engage with a portion of the filter
element 60 (such as the frame 64), thereby acting as a cam on the filter element 60. As the
projection(s) 52 press or push against the filter element 60, the filter element 60 moves, rotates,
or pivots about the second pivot axis 58 (along a bottom portion of the housing 40, as shown in
FIGS. 6A-6B and 10A-10B) within the housing 40 and toward the filter seal area 48. The
projection(s) 52 eventually cause the entire seal 66 of the filter element 60 to be pressed firmly
against the filter seal area 48, creating a complete seal between the housing 40 and the filter
element 60. The projection 52 may maintain seal by maintaining the position of the filter
clement 60 and the pressure between and a sufficient force toward the seal 66 and the filter seal
area 48 by pressing against internal components of the housing 40, such as the pocket 49 as

shown in FIGS. 9A-9B.

[0049] Accordingly, when the cover 50 is closed or engaged, the projection 52 ensures that
the filter element 60 is completely and evenly sealed to the housing 40 through the seal 66 and
the filter seal area 48, as shown in FIGS. 10A-11. The secal 66 may contact the filter seal arca
48 along at least one plane or surface. For example, as shown in FIG. 11, the seal 66 may
directly contact the filter seal area 48 in two areas (as shown in the cross-sectional plane view).
The seal 66 may contact the filter seal area 48 around the entire perimeter of the filter element
60 to create and ensure a complete seal. The cover 50, with the projections 52, may therefore
help fix or maintain the position of the filter element 60 within the housing 40. According to
one embodiment, the cover 50 and the projections 52 may allow the filter element 60 to only

be sealed to the housing 40, allowing the filter assembly 20 to be easily serviced.

[0050] Once the filter element 60 is in a complete seal with the housing 40, as shown in
FIGS. 10A-11, the filter element 60 and/or the cover 50 may optionally be further locked in

place with, for example, mechanical fasteners or latches, to the housing 40.

[0051] According to another embodiment, as shown in FIGS. 14A-14F, the filter assembly

20 may include a wedge unit 80 to help seal the filter element 60 to the housing 40. The
11
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wedge unit 80 is movable relative to the housing 40 between a disengaged position 86 and an
engaged position 88 in order to create a seal between the filter element 60 and the housing 40,
as described further herein. The wedge unit 80 may include at least one protrusion or
projection 82 to interact with a portion of the filter element 60 (such as the frame 64) and to
push or move the filter element 60 into a sealed configuration with the frame 64. The wedge
unit 80 may be shaped and sized to fit at least partially around a portion of the filter element
60. For example, the wedge unit 80 extends between two opposite sides of the filter element
60. The wedge unit 80 may include two projections 82 and an extended portion 84 connecting
the two projections 82. As shown in FIG. 14B, the extended portion 84 may extend along the
top of the filter element 60, and the projections 82 may extend along a portion of two opposite
sides of the filter element 60. The projections 82 may be shaped and sized similar to the

projection 52 and function similarly to the projection 52.

[0052] The filter element 60 may first be inserted into the housing 40 while the wedge unit is
in the disengaged position 86. Once the filter element 60 is in place within the housing 40, and
prior to sealing the filter element 60 to the housing 40 (e.g. in the open position 22), the wedge
unit 80 may be advanced or placed into the top of the housing 40 (in the disengaged position
86), as shown in FIGS. 14A and 14D. Similar to the projections 52, as the wedge unit 80 is
advanced toward the filter 60, the projections 82 may be moved into the engaged position 88
by wedging between a portion of the housing 40 (such as the pocket 49) and the filter element
60(such as the frame 64) in order to rotate, cam, or pivot the filter element 60 toward the
housing 40, as shown in FIGS. 14B, 14C, and 14E. In order to further seal the filter element
60 to the housing 40, the cover 50 may be added and closed onto the wedge unit 80 to prevent
the wedge unit 80 from retracting or backing out. The wedge unit 80 may be sandwiched

between the cover 50 and the filter element 60 in the engaged position §8.

[0053] The wedge unit 80 may be an individual and separate component (e.g. separate from
the filter element 60, the housing 40, or the cover 50). However, the wedge unit 80 may be
temporarily (e.g. removable or releasable) or permanently attached to any component within
the filter assembly 20, such as the cover 50. Alternatively, the wedge unit 80 may be an

integral component within the filter assembly 20.
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[0054] The wedge unit 80 may also include different components or configurations to help
secure the wedge unit 80 in place. For example, the wedge unit 80 may snap with or interlock

with a portion of the housing 40, the cover 50, and/or the filter element 60.

[0055] The wedge unit 80 may include a hole or aperture to allow a portion of the frame 64
to be accessed through. For example, as shown in FIG. 14C, a handle of the frame 64 of the
filter element 60 may at least partially extend through the hole in the extended portion 84 to
allow the user to grasp and move the frame 64 (e.g. to remove the filter element 60 to be

serviced).

[0056] According to another embodiment as shown in FIGS. 15A-15F, the filter element 60
of the filter assembly 20 may include a cam feature or unit 90. The cam unit 90 may be
attached directly or indirectly (and temporarily or permanently) to a filter element body of the
filter element 60 through, for example, a hinge. The filter element body may include, for
example, the frame 64 and/or the filter media 62. According to one embodiment, the cam unit
90 may be movably or pivotally attached or connected to a portion of the frame 64 of the filter
element 60. The cam unit 90 may be moveable relative to the housing 40 and the filter element
60 between a disengaged position 96 and an engaged position 98 in order to create a seal
between the filter element 60 and the housing 40, as described further herein. As shown in
FIGS. 15A-15B, the cam unit 90 may optionally pivot or rotate a particular number of degrees

with respect to the frame 64.

[0057] The cam unit 90 may be shaped and size to fit at least partially around a portion of the
filter element 60. For example, the cam unit 90 extends between two opposite sides of the
filter element 60. The cam unit 90 may have at least one protrusion, extension, or projection
92 attached to the filter element 60. For example, as shown in FIGS. 15A-15B, the cam unit
90 may include two projections 92 that are connected by an extended portion 94. The
extended portion 94 may extend (parallel to the x-axis) along a side or the width of the filter
element 60, such as the top, and the projections 92 may extend along a portion of the two
opposite sides of the filter element 60, as shown in FIGS. 15A-15B. The projections 92 may
be shaped and sized similar to the projection 52 and function similarly to the projection 52. As
shown in FIG. 15A, the projections 92 may be curved along either side to rotate into a portion

of the housing 40, as shown in FIGS. 15E and 15F.
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[0058] After the filter element 60 has been placed in the housing 40 and before the filter
element 60 is sealed to the housing 40 (e.g. in the open position 22), the cam unit 90 may
extend out of the housing 40 in the disengaged position 96, as shown in FIG. 15C. In order to
actuate and seal the filter element 60 to the housing 40, the cam unit 90 may be moved toward
the housing 40 into the engaged position 98, which may move, pivot, or rotate the filter
element 60 within the housing 60, as shown in FIGS. 15D and 15E. The cam unit 90 may
press against a portion of the housing 40 (such as the pocket 49) to seal the filter element 60 to
the frame 40 and wedge between a portion of the housing 40 (such as the pocket 49) and the
filter element 60 (such as the frame 64). In order to further seal the filter element 60 to the
housing 40, the cover 50 may be added and closed onto cam unit 90 to prevent the cam unit 90
from retracting or backing out, as shown in FIG. 15D. The cam unit 90 may be sandwiched

between the cover 50 and the filter element 60 in the engaged position 98.

[0059] The cam unit 90 may further interact with a portion of the housing 40 to further
secure or seal the filter element 60. For example, the cam unit 90 may include a snap or

interlocking mechanism to mate with a portion of the housing 40.

[0060] It is understood that the various components, configurations, and features of the
different embodiments of the filter assembly 20 may be combined according to the desired use

and configuration.

[0061] The term “connected” 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.

29 ¢¢

[0062] 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
exemplary embodiments, and that such variations are intended to be encompassed by the

present disclosure.
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[0063] 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, elements
shown as integrally formed may be constructed of multiple parts or elements, the position of
clements 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. 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 filter assembly, comprising:

a housing;

a cover movably connected to the housing and movable between an open
position and a closed position;

at least one projection extending from the cover towards an interior of the
housing; and

a filter element that fits at least partially within the housing,

the at least one projection interfacing with the filter element and causing the
filter element to pivot within the housing when the cover is moved from the open position to
the closed position such that the at least one projection seals the filter element and the housing

together when the cover is in the closed position.

2. The filter assembly of claim 1, wherein the filter element includes a frame
portion, and wherein the at least one projection directly abuts the frame portion when the

cover moves from the open position to the closed position.

3. The filter assembly of claim 1, wherein at least one of the filter element and the

housing includes a seal.

4, The filter assembly of claim 3, wherein the filter element includes filter media,

and wherein the seal is directly attached to filter media.

5. The filter assembly of claim 3, wherein the filter element includes a frame

portion, and wherein the seal attached is to the frame portion.

6. The filter assembly of claim 3, wherein the seal is a radial seal that encompasses

a circumference of the filter element.

7. The filter assembly of claim 1, wherein the at least one projection is integral

with the cover.

16
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8. The filter assembly of claim 1, wherein the at least one projection comprises at
least one curved side, and wherein the curved side is configured to abut a portion of the

housing when the cover is in the closed position.

9. The filter assembly of claim 1, wherein the housing includes a curved slot, and
wherein the projection extends into the curved slot when the cover is in the closed position

such that the projection is wedged between the slot and the filter element.

10. The filter assembly of claim 1, wherein the housing includes a ramped surface
therein, the ramped surface configured and positioned to guide the filter element to proper
alignment within the housing before the cover is moved from the open position to the closed

position.

11. The filter assembly of claim 10, wherein a bottom edge of the filter element is

guided along the ramped surface.

12. The filter assembly of claim 10, wherein the ramped surface includes a stair-

step configuration.

13. The filter assembly of claim 1, wherein the cover is pivotably attached to the
housing.
14. The filter assembly of claim 13, wherein the cover pivots about a first pivot axis

and the filter element pivots about a second pivot axis within the housing when the cover is
moved from the open position to the closed position, and wherein the first pivot axis is

substantially parallel with the second pivot axis.

15. The filter assembly of claim 1, wherein the housing has an opening, wherein the
filter element is movable through the opening into the housing when the cover is in the open
position, and wherein the cover is configured to close off the opening when the cover is in the

closed position.

16. The filter assembly of claim 1, wherein the projection maintains a pressure on
the filter element and maintains the position of the filter element when the cover is in the

closed position.

17. A filter assembly, comprising:
17
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a housing;

a filter element that fits at least partially within the housing; and

a wedge unit movable relative to the housing and the filter element between a
disengaged position and an engaged position, the wedge unit including at least one projection
extending toward an interior of the housing, the at least one projection interfacing with the
filter element and the housing and causing the filter element to pivot within the housing when
the wedge unit is moved from the disengaged position to the engaged position, such that the at
least one projection seals the filter element and the housing together when the wedge unit is in

the engaged position.

18.  The filter assembly of claim 17, wherein the wedge unit extends between two

opposite sides of the filter element.

19. The filter assembly of claim 17, further comprising a cover that is movable
between an open position and a closed position, wherein the wedge unit is in the engaged

position when the cover is in the closed position.

20. A filter assembly, comprising:

a housing; and

a filter element that fits at least partially within the housing and includes a filter
element body and a cam unit, the cam unit movably attached to the filter element body and
movable between a disengaged position and an engaged position when the filter element is
positioned within the housing, the cam unit including at least one projection extending toward
an interior of the housing,

the at least one projection interfacing with the housing and causing the filter
element body to pivot within the housing when the cam unit is rotated from the disengaged
position to the engaged position, such that the at least one projection seals the filter element

and the housing together when the cam unit is in the engaged position.

21. The filter assembly of claim 20, further comprising a cover that is movable
between an open position and a closed position, wherein the cam unit is in the engaged

position when the cover is in the closed position.

22. A filter element, comprising:

a filter element body; and

18
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a cam unit movably attached to the filter element body and movable between a
disengaged position and an engaged position when the filter element is positioned within a
housing, the cam unit including at least one projection, the at least one projection interfacing
with the housing and causing the filter element body to pivot within the housing when the filter
element is positioned within the housing and the cam unit is rotated from the disengaged
position to the engaged position, such that the at least one projection seals the filter element

and the housing together when the cam unit is in the engaged position.

23. The filter element of claim 22, wherein the cam unit extends between two

opposite sides of the filter element body.

24, The filter element of claim 22, wherein the filter element body includes a frame

portion, and wherein the cam unit is pivotally attached to the frame portion.

25. A method of sealing a filter, comprising:
inserting a filter element into a housing;
aligning an edge of the filter element with an edge of the housing; and
closing a cover on the housing, thereby causing the filter element to pivot within

and seal with the housing.

26.  The method of claim 25, wherein closing the cover on the housing moves at
least one projection into the housing, engages the at least one projection with a portion of the
filter element, and pushes the filter clement with the at least one projection, and wherein the at

least one projection extends from the cover.

27. The method of claim 25, further comprising guiding the filter element along a

ramped surface within the housing to align the filter element and the housing.

28. The method of claim 25, wherein the filter element is inserted through an

opening in the housing and the opening is covered by the cover when the cover is closed.

19



PCT/US2015/033500

WO 2015/187538
1/20
x

He

/2@
Lo

B

F G

lole

I,
G
bo

Lz




WO 2015/187538 PCT/US2015/033500

2/20

\\\\\\\ R
AR AN

=
A
\'W N
RN
&E‘M\“\\\»\%
\N\)-\\\\.\}-.\‘-\\?\\- & \k\\\ \\
RS N
R
NTEhEEEEE
N

2

=
&\




WO 2015/187538 PCT/US2015/033500

3/20

e 2



PCT/US2015/033500

WO 2015/187538

4/20

2L




PCT/US2015/033500

WO 2015/187538

5/20




WO 2015/187538

@

6/20

o
”
ot

HO

(s2

o

PCT/US2015/033500

s

{50



WO 2015/187538 PCT/US2015/033500

7/20

a7




PCT/US2015/033500

WO 2015/187538

8/20

2 Bl




PCT/US2015/033500

WO 2015/187538

9/20

Qe

i)

4= ST




PCT/US2015/033500

WO 2015/187538

10/20

Sk e

%)




WO 2015/187538 PCT/US2015/033500

11/20

28

Fie

(25

Tl




WO 2015/187538 PCT/US2015/033500

12/20

Fie 138

(%Y

i




WO 2015/187538 PCT/US2015/033500




WO 2015/187538 PCT/US2015/033500

14/20

6. Wl




PCT/US2015/033500

WO 2015/187538

15/20

IM 9N

H)




WO 2015/187538 PCT/US2015/033500

16/20

Fle. 4 F

2.

b4




WO 2015/187538 PCT/US2015/033500

17/20




WO 2015/187538 PCT/US2015/033500




WO 2015/187538 PCT/US2015/033500

19/20

TR T RS

‘




PCT/US2015/033500

WO 2015/187538

20/20




INTERNATIONAL SEARCH REPORT International application No.
PCT/US 15/33500

A. CLASSIFICATION OF SUBJECT MATTER

|PC(8) - BO1D 24/04, B0O1D 29/96, BO1D 35/30, BO1D 46/42 (2015.01)

CPC - B01D 24/04, BO1D 29/96, BO1D 35/30, B01D 46/42, BO1D 2201/4007, BO1D 2265/025
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)
IPC(8)- BO1D 24/04, BO1D 29/96, BO1D 35/30, BO1D 46/42 (2015.01);

CPC- B01D 24/04, B0O1D 29/96, BO1D 35/30, BO1D 46/42, BO1D 2201/4007, BO1D 2265/025

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC- 55/359, 55/369, 55/493, 55/497, 55/502;
Patents and NPL (classification, keyword; search terms below) .

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

Pub West (US EP JP WO), Pat Base (AU BE BR CA CH CN DE DK EP ES FI FR GB IN JP KR SE TH TW US WO), Google Patent,
Google Scholar, Free Patents Online; search terms: filter, filtration, housing, box, rectangular, frame, open, close, cover, door, panel,
cam, lock, lever, wedge, seal, gasket :

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claifn No.

X US 2012/0060454 A1 (BANKS et al.) 15 March 2012 (15.03.2012), Figs. 1, 5,9, 10; para 17,18

- {0004, [0022]-{0024] e

Y 1-16, 19

Y US 6,126,708 A (MACK et al.) 03 October 2000 (03.10.2000), Figs. 2; col 1, In 32-61; col 3, In 1-16, 19

53-65; col 4, In 42-65; col 5, In 31-65

Y US 2013/0167491 A1 (ENGELLAND et al.) 04 July 2013 (04.07.2013), péra [0008]-{0144] 1-19

Y US 2003/0230063 A1 (KUBOKAWA et al.) 18 December 2003 (18.12.2003), para [0011]-[0055] | 1-19

Y US 4,023,944 A (BEANE) 17 May 1977 (17.05.1977), col 2, In 3 to col 9, In 26 1-19

EI Further documents are listed in the continuation of Box C. D

*  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 but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E” earlier application or patent but published on or after the international «X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L dpcgmem wlg,ilqhhmﬁy thrg]w dqubtz on prtjorityhclaim(s). or whic};lis step when the document is taken alone
cited to establish the publication date of another citation or other «y»  gocument of particular relevance; the claimed invention cannot be
special reason (a§ specified) . - considered top involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P"  document published prior to the international filing date but later than  «g» gocyment 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
10 September 2015 (10.09.2015) ' 0 5 0 C T 20]5
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

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



INTERNATIONAL SEARCH REPORT International application No:

PCT/US 15/33500

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:l Claims Nos..

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
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3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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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 1-19, drawn to filter assemblies with either a cover or a wedge.
Group |I: Claims 20-24, drawn to filter assemblies with a cam.
Group llI: Claims 25-28, drawn to a method of sealing a filter.
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claims.
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3. I:I 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. g No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-19

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

El The additional search fees were accompanied by the applicant’s protest but the applicable protest
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Continued from Box No. Ill, Observations where unity of invention is lacking,

The inventions listed as Groups I, I, and 1Il 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

Groups Il and 1l do not require either a cover movably connected to the housing or a wedge unit movable relative to the housing, as
required by Group 1. :

Groups | and 1l do not require a cam unit movably attached to the filter element body, as required by Group II.

Groups | and Il do not require inserting a filter element; aligning an edge of the filter element with an edge of the housing; and closing a
cover on the housing, as required by Group lil. .

Group |l does not require a cover, as required by Groups | and lil.
Shared Common Features

The only feature shared by Groups |, Il, and |ll that would otherwise unify the groups is a housing; at least one projection extending
towards an interior of the housing; and a filter element that fits at least partially within the housing, the at least one projection interfacing
with the filter element and causing the filter element to pivot within the housing when a moveable element is moved from the
open/disengaged position to the closed/engaged position such that the at least one projection seals the filter element and the housing
together when the cover is in the closed/engaged position.. However, this shared technical feature does not represent a contribution
over prior art, because the shared technical feature is anticipated by US 2012/0060454 A1 to Banks, et al. (hereinafter ‘Banks'). Banks
discloses a housing (Figs. 1, 5; para {0022}, filter holding frame, 10... designed to hold a filter... comprising side wall, 12, and support
flange, 20.); at least one projection extending towards an interior of the housing (Fig. 5; para [0023], cam foot, 42.); and a filter element
that fits at least partially within the housing (Figs. 1, 5; para [0023], cam lock lever, 36, mounted by way of a pivot pin, 35... of the filter
holding frame.), the at least one projection interfacing with the filter element and causing the filter element to pivot within the housing
when a moveable element is moved from the open/disengaged position to the closed/engaged position such that the at least one
projection seals the filter element and the housing together when the moveable element is in the closed/engaged position (Figs. 1, 5, 6;
para [0024)], cam foot, 42, engage upper surface, 52, of the filter, 32, with the chamfered or upturned edge, 46, providing a smooth
engagement with the filter in the direction of the rotating lever, 38, and then compress the filter, 32, and the gasket, 34, against the
horizontal support flange, 20, to thereby clamp and seal one corner of the filter, 32, in place with the holding frame.).

The only feature shared by Groups | and 1l that would otherwise unify the groups a cover. However, this shared technical feature does
not represent a contribution over prior art, because the shared technical feature is anticipated by Banks. Banks discloses a cover (Fig.
11; Claim 9; para [0026), planar grid comprises at least one corner intersection of four corner quadrants that is adapted to hold a plurality
of mutually adjacent filter frames.). . . :

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups. '

Groups |, I, and ! therefore iack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.
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