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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 July 2023 (27.07.2023)

(10) International Publication Number

WO 2023/141473 Al

WIPO I PCT

(51) International Patent Classification:
BOID 46/24 (2006.01)

(21) International Application Number:
PCT/US2023/060851

(22) International Filing Date:

ny, Inc., 1400 West 94th Street, Bloomington, MN 55431
(US). CAMPBELL, Steven, K.; c/o Donaldson Company,
Inc., 1400 West 94th Street, Bloomington, MN 55431 (US).
NORWOOD, Miles; c/o Donaldson Company, Inc., 1400
West 94th Street, Bloomington, MN 55431 (US).

(74) Agent: BRUESS, Steven, C. etal.; Merchant & Gould P.C.,

18 January 2023 (18.01.2023) P. O. Box 2903, Minneapolis, MN 55402-0903 (US).
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,

(30) Priority Data:
63/300,505 us

(71) Applicant: DONALDSON COMPANY, INC. [US/US];
1400 West 94th Street, Bloomington, MN 55431 (US).

18 January 2022 (18.01.2022)

(72) Inventors: VERSTRAETE, Mathijs; c/o Donaldson
Company, Inc., 1400 West 94th Street, Bloomington, MN
55431 (US). BURTON, David, J., c/o Donaldson Compa-
ny, Inc., 1400 West 94th Street, Bloomington, MN 55431
(US). WESSELS, Timothy, J.; c/o Donaldson Compa-

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

(54) Title: FILTER CARTRIDGES; AIR CLEANER ASSEMBLIES; HOUSING; FEATURES; COMPONENTS; AND METHODS

FiG. 17

\\‘g\%\%\\\m&\\\\\\ﬁ

332

332a 137h

S

Y

woO 2023/141473 A1 |0 00000 KA 0 000 00

(57) Abstract: An air cleaner assembly having a housing defining an interior volume, a first filter cartridge installed within the housing
interior volume, and a second filter cartridge installed within the housing interior volume at a location downstream of the first filter
cartridge. The second filter cartridge includes a seal member including a radially directed first seal arrangement forming a seal between
the second filter cartridge and the housing, and including a radially directed second seal arrangement forming a seal between the second
filter cartridge and the first filter cartridge.

[Continued on next page]



WO 2023/141473 A [IN 00000000 00RO T 0 00O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU,
LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

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



WO 2023/141473 PCT/US2023/060851

FILTER CARTRIDGES; AIR CLEANER ASSEMBLIES: HOUSING;
FEATURES; COMPONENTS; AND METHODS

PRIORITY CLAIM

[0001] This application claims priority to United States Provisional Patent
Application Serial Number 63/300,505, filed January 18, 2022, the entirety of which

is incorporated by reference herein.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to filter arrangements, typically for use in
filtering air; such as intake air for internal combustion engines. In certain selected
examples, the disclosure particularly relates to filter arrangements that use
serviceable cartridges having opposite flow ends; however other applications are
described. Air cleaner arrangements, features, and, methods of assembly and use, are
also described. Some embodiments herein are directed to filter cartridge sealing
components for air cleaner assemblies, and more specifically, to sealing components
fixed to, or carried by a shell. Some embodiments are also directed to catch
arrangements for facilitating insertion of a filter cartridge into a housing of an air

cleaner assembly.

BACKGROUND

[0003] Air streams can carry contaminant material such as dust and liquid
particulate therein. In many instances, it is desired to filter some or all of the
contaminant material from the air stream. For example, air flow streams to engines
(for example combustion air streams) for motorized vehicles or for power generation
equipment, gas streams to gas turbine systems and air streams to various combustion
furnaces, carry particulate contaminant therein that should be filtered. It is preferred,
for such systems, that selected contaminant material be removed from (or have its
level reduced in) the air. A variety of air filter arrangements have been developed for

contaminant removal. Improvements are sought.
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SUMMARY
[0004] Filter assemblies (such as air cleaner assemblies or crankcase ventilation
filter assemblies), components therefor, and features thereof, are described. Also
described are methods of assembly and use. The filter assemblies generally
comprise a housing assembly having a primary filter cartridge and a secondary filter
cartridge removably positioned therein.
[0005] In one embodiment, an air cleaner includes a primary filter cartridge and
a secondary filter cartridge, wherein the secondary filter cartridge carries a first seal
arrangement to seal the secondary filter cartridge to an outlet of the air cleaner. The
secondary filter cartridge also carries second and third seal arrangements that act to
seal radially between a surface on the primary filter cartridge and a surface on the air
cleaner housing upstream of the secondary filter cartridge seal. In the examples
presented herein, these seal arrangements are in series such that a failure of the
primary filter cartridge seal or the secondary filter cartridge seal does not provide a
leak path to the engine inlet. In some examples, the primary seal surface does not
substantially engage the air cleaner housing until the primary filter cartridge is in
place, this prevents the primary seal from affecting the service force of the
secondary filter cartridge. In some examples, the primary filter cartridge can also
act to hold the secondary filter cartridge in place without requiring plastic-on-plastic
interaction between the frames of the primary and secondary filter cartridges.
[0006] In one embodiment, the primary seal acts in concert with an upstream
seal on the dirty side of the filter cartridge to maintain a clean air cleaner interior for
side-service air cleaners. In embodiments where the primary filter cartridge installs
from the side, the primary filter cartridge has one or more locating features that
engage with the air cleaner housing, this feature helps guide the installation of the
primary filter cartridge and ensures that the primary filter cartridge will only engage
with a properly seated secondary filter cartridge.
[0007] By placing the seal for the primary filter cartridge on the secondary filter
cartridge, we can maintain a single seal on the primary filter cartridge while
extending the utility of the secondary seal. Having the primary seal attached to the
secondary allows for a cost reduction overall and for the primary filter in that the
primary filter need not be provided with a seal and in that the primary seal can be

reused across multiple replacements of the primary filter cartridge. Separate
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locating features on the primary ensures that the primary is inserted in the correct
location during servicing. The primary/secondary interaction works to ensure that
the secondary filter cartridge is in the proper location in the housing during service
and will hold the secondary filter cartridge in place under vibration.

[0008] In one example, an air cleaner assembly has a housing defining an
interior volume, a first filter cartridge installed within the housing interior volume,
and a second filter cartridge installed within the housing interior volume at a
location downstream of the first filter cartridge. The second filter cartridge includes
a seal member including a radially directed first seal arrangement forming a seal
between the second filter cartridge and the housing, and including a radially directed
second seal arrangement forming a seal between the second filter cartridge and the
first filter cartridge.

[0009] A filter cartridge for an air cleaner housing can include a media pack
having an inlet flow end and outlet flow end; a shell peripherally arranged about at
least a portion of the media pack; and a seal member peripherally arranged about at
least a portion of the shell, the seal member including a first seal arrangement and a
second seal arrangement arranged in series, wherein: the first seal arrangement
includes an outwardly radially directed lip seal for forming a seal between the filter
cartridge and the air cleaner housing; and the second seal arrangement includes an
inwardly radially directed lip seal for forming a seal between the filter cartridge and
the air cleaner housing.

[0010] In examples, the seal member further includes a third seal arrangement
including an outwardly radially directed lip seal for forming a seal between the filter
cartridge and another filter cartridge.

[0011] In examples, the first seal arrangement is located more proximate the
outlet flow end relative to the second seal arrangement.

[0012] In examples, at least a portion of the second seal arrangement is located
axially beyond the media pack inlet flow end in a direction extending from the
media pack outlet flow end towards the inlet flow end.

[0013] In examples, one or both of the first and second seal arrangements
include a plurality of lip seals.

[0014] In examples, the lip seals of the first and second seal arrangements

extend at an oblique angle relative to a longitudinal axis of the filter cartridge.
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[0015] In examples, the media pack includes fluted media.

[0016] In examples, the media pack includes pleated media.

[0017] A filter cartridge for an air cleaner housing having a longitudinal axis can
include a media pack extending along a longitudinal axis between an inlet flow end
and outlet flow end; a shell peripherally arranged about at least a portion of the
media pack; and a first part of a catch arrangement located on the shell proximate
the media pack outlet flow end, the first part being configured to pivotally engage
with a second part of the catch arrangement provided on the air cleaner housing such
that the filter cartridge can be pivoted about the second part between a tilted position
and an installed position, wherein a longitudinal axis of the filter cartridge is
oriented at a first angle when in the installed position and oriented at a second angle,
oblique to the first angle, when in the tilted position.

[0018] An air cleaner assembly can include a filter cartridge including a media
pack extending along a longitudinal axis between an inlet flow end and outlet flow
end; a shell peripherally arranged about at least a portion of the media pack; and a
first part of a catch arrangement located on the shell proximate the media pack outlet
flow end; and a housing extending along a longitudinal axis between an inlet end
and an outlet end, and defining an access opening for receiving the filter cartridge
into an interior volume of the housing, the housing including a second part of the
catch arrangement; wherein, the first part of the catch arrangement is configured to
pivotally engage with the second part of the catch arrangement such that the filter
cartridge can be pivoted about the second part between a tilted position, in which the
media pack longitudinal axis is at an oblique angle to the air cleaner longitudinal
axis, and an installed position within the housing, in which the media pack
longitudinal axis is parallel to the air cleaner longitudinal axis.

[0019] In some examples, the first part is integrally formed with the shell.

[0020] In some examples, the filter cartridge includes a handle located on the
shell, the handle being located proximate the media pack inlet flow end such that a
center of gravity of the filter cartridge is located axially between the handle and the
first part of the catch arrangement.

[0021] In some examples, the handle is integrally formed with the shell.

[0022] In some examples, the media pack is provided with a seal arrangement.
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[0023] In some examples, the seal arrangement is located proximate the media
pack inlet flow end is provided.

[0024] In some examples, the seal arrangement is an outwardly directed radial
seal member.

[0025] In some examples, in the tilted position, the filter cartridge is in an
unsealed state relative to the air cleaner housing, and wherein, in the installed
position, the filter cartridge is in a fully sealed state relative to the air cleaner
housing.

[0026] In some examples, the first part is located axially at least partially beyond
the media pack outlet flow end.

[0027] In some examples, the first part is located axially fully beyond the media
pack outlet flow end.

[0028] In some examples, the filter cartridge has an obround cross-sectional
shape.

[0029] In some examples, the media pack is formed from fluted media.

[0030] In some examples, the first part of the catch arrangement includes a
concave shaped surface for engaging with the second part of the catch arrangement.
[0031] In some examples, the first part of the catch arrangement includes a
convex shaped surface for engaging with the second part of the catch arrangement.
[0032] An air cleaner assembly can include a housing defining an interior
volume; a first filter cartridge installed within the housing interior volume; a second
filter cartridge installed within the housing interior volume at a location downstream
of the first filter cartridge. The air cleaner can also include a second filter cartridge
including a seal member including an outwardly radially directed seal surface
forming a seal with a first interior surface of the housing and including an inwardly
radially directed seal surface forming a seal with a second interior surface of the
housing.

[0033] In some examples, the seal member further includes a second outwardly
radially directed seal surface forming a seal between the second filter cartridge and
the first filter cartridge.

[0034] In some examples, the outwardly radially directed seal surface is located

between the media pack inlet and outlet flow ends.
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[0035] In some examples, at least a portion of the inwardly radially directed seal
surface is located axially beyond the media pack inlet flow end in a direction
extending from the media pack outlet flow end towards the inlet flow end.

[0036] In some examples, one or all of the inwardly radially directed seal
surface, outwardly directed seal surface, and the second outwardly directed seal
surface includes one or more lip seals.

[0037] There is no specific requirement that an air cleaner assembly, component
therefor, or feature thereof include all of the detail characterized herein, to obtain

some advantage according to the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Figure 1 is a schematic perspective view of an air cleaner assembly
having features in accordance with the present disclosure.

[0039] Figure 2 is a schematic perspective view of the air cleaner assembly
shown in Figure 1, with the cover removed.

[0040] Figure 3 is a schematic longitudinal side cross-sectional view of the air
cleaner assembly shown in Figure 1.

[0041] Figure 4 is an exploded schematic perspective view of the air cleaner
assembly shown in Figure 1, showing a first filter cartridge and a second filter
cartridge removed from a housing.

[0042] Figure 5 is a schematic first perspective view of the first filter cartridge
of the air cleaner assembly shown in Figure 4.

[0043] Figure 6 is a schematic side view of the first filter cartridge shown in
Figure 5.

[0044] Figure 7 is a schematic first face view of the first filter cartridge shown in
Figure 5.

[0045] Figure 8 is a schematic first perspective view of the second filter
cartridge of the air cleaner assembly shown in Figure 4.

[0046] Figure 9 is a schematic second perspective view of the second filter
cartridge shown in Figure 8.

[0047] Figure 10 is a schematic first face view of the second filter cartridge

shown in Figure 8.
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[0048] Figure 11 is a schematic second face view of the second filter cartridge
shown in Figure 6.

[0049] Figure 12 is a schematic first side view of the second filter cartridge
shown in Figure 8.

[0050] Figure 13 is a schematic second side view of the second filter cartridge
shown in Figure 8.

[0051] Figure 14 is a schematic third side view of the second filter cartridge
shown in Figure 8.

[0052] Figure 15 is a schematic fourth side view of the second filter cartridge
shown in Figure 8.

[0053] Figure 16 is a schematic exploded perspective view of the second filter
cartridge shown in Figure 8.

[0054] Figure 17 is a partial cross-sectional side view of the seal member of the
second filter cartridge shown in Figure 8.

[0055] Figure 18 is a schematic partial cross-sectional view of the air cleaner
assembly shown in Figure 1, with the first filter cartridge removed.

[0056] Figure 19 is a schematic partial cross-sectional view of the air cleaner
assembly shown in Figure 1, with the first filter cartridge installed and sealed against
the second filter cartridge.

[0057] Figure 20 is a schematic partial cross-sectional view of the air cleaner
assembly shown in Figure 1, showing a locating feature of the first filter cartridge
engaged with a receiving feature of the housing.

[0058] Figure 21 is another schematic partial cross-sectional view of the air
cleaner assembly shown in Figure 1, showing a locating feature of the first filter
cartridge engaged with a receiving feature of the housing.

[0059] Figure 22 is a schematic top partial cross-sectional view of the air cleaner
assembly shown in Figure 1, showing sealing arrangements of the second filter
cartridge.

[0060] Figure 23 is a schematic side partial cross-sectional view of the air
cleaner assembly shown in Figure 1, showing sealing arrangements of the second
filter cartridge.

[0061] Figure 24 is a schematic perspective view of a second example of an air

cleaner assembly having features in accordance with the present disclosure.
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[0062] Figure 25 is a schematic perspective view of the air cleaner assembly
shown in Figure 20, with the cover removed.

[0063] Figure 26 is a schematic exploded perspective view of the air cleaner
assembly shown in Figure 24.

[0064] Figure 27 is a schematic top view of the air cleaner assembly shown in
Figure 24, with the cover removed and with the first filter cartridge in an initially
tilted position within the main housing.

[0065] Figure 28 is a schematic perspective view of the air cleaner assembly
shown in Figure 24, with the cover removed and with the first filter cartridge in an
initially tilted position within the main housing.

[0066] Figure 29 is a schematic cross-sectional side view of the air cleaner
assembly shown in Figure 24.

[0067] Figure 30 is a schematic cross-sectional side view of the air cleaner
assembly shown in Figure 24, with the first filter cartridge in an initial tilted position
within the main housing.

[0068] Figure 31 is a schematic partial cross-sectional top view of the air cleaner
assembly shown in Figure 24, with the first filter cartridge removed.

[0069] Figure 32 is a schematic partial cross-sectional top view of the air cleaner
assembly shown in Figure 24, with the first filter cartridge installed.

[0070] Figure 33 is a schematic partial cross-sectional top view of the air cleaner
assembly shown in Figure 24, showing an enlarged portion of the view shown in
Figure 32.

[0071] Figure 34 is a schematical partial perspective view of the air cleaner
assembly shown in Figure 24.

[0072] Figure 35 is a schematic partial cross-sectional side view of the air
cleaner assembly shown in Figure 34, with the first filter cartridge placed in the
initial tilted position.

[0073] Figure 36 is a schematic partial cross-sectional side view of the air
cleaner assembly shown in Figure 24, with the first filter cartridge placed in the
installed position.

[0074] Figure 37 is a partial cross-sectional side view of the seal member of the

second filter cartridge of the air cleaner assembly shown in Figure 24.
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[0075] Figure 38 is a schematic first perspective view of the first filter cartridge
of the air cleaner assembly shown in Figure 24.

[0076] Figure 39 is a schematic side view of the first filter cartridge shown in
Figure 38.

[0077] Figure 40 is a schematic side view of the first filter cartridge shown in
Figure 38, with the cartridge shown in the initial tilted position.

[0078] Figure 41 is a schematic top view of the first filter cartridge shown in
Figure 38.

[0079] Figure 42 is a schematic bottom view of the first filter cartridge shown in
Figure 38.

[0080] Figure 43 is a schematic inlet end or first end view of the first filter
cartridge shown in Figure 38.

[0081] Figure 44 is a schematic outlet end or second end view of the first filter
cartridge shown in Figure 38.

[0082] Figure 45 is a schematic first perspective view of the second filter
cartridge of the air cleaner assembly shown in Figure 24.

[0083] Figure 46 is a schematic second perspective view of the second filter
cartridge shown in Figure 44.

[0084] Figure 47 is a schematic first face view of the second filter cartridge
shown in Figure 44.

[0085] Figure 48 is a schematic second face view of the second filter cartridge
shown in Figure 44.

[0086] Figure 49 is a schematic first side view of the second filter cartridge
shown in Figure 44.

[0087] Figure 50 is a schematic second side view of the second filter cartridge
shown in Figure 44.

[0088] Figure 51 is a schematic third side view of the second filter cartridge
shown in Figure 44.

[0089] Figure 52 is a schematic fourth side view of the second filter cartridge
shown in Figure 44.

[0090] Figure 53 is a schematic exploded perspective view of the second filter

cartridge shown in Figure 45.
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[0091] Figure 54 is a schematic exploded perspective view of the second filter
cartridge shown in Figure 45.

[0092] Figure 55 is a schematic partial perspective view of an alternative air
cleaner configuration and catch arrangement having features usable with the air
cleaner housings and filter cartridges of Figures 1-23 and 24-54.

[0093] Figure 56 is a schematic partial perspective view of the second part of the
catch arrangement associated with the housing shown in Figure 55.

[0094] Figure 57 is a schematic partial side cross-sectional view of the air
cleaner catch arrangement shown in Figure 55 with the filter cartridge in the tilted
position.

[0095] Figure 58 is a schematic partial side cross-sectional view of the air
cleaner catch arrangement shown in Figure 51 with the filter cartridge in the
installed position.

[0096] Figure 59 is a schematic perspective view of the first filter cartridge of
the air cleaner shown in Figure 55.

[0097] Figure 60 is a schematic side view of the filter cartridge shown in Figure
59.

[0098] Figure 61 is a schematic cross-sectional side view of the filter cartridge
shown in Figure 59.

[0099] Figure 62 is a schematic partial top-rear perspective view of the filter
cartridge shown in Figure 59.

[00100] Figure 63 is a schematic partial top-front perspective view of the filter
cartridge shown in Figure 59.

[00101] Figure 64 is a schematic partial top view of the filter cartridge shown in
Figure 59.

[00102] Figure 65 is a fragmentary, schematic, perspective view of a first
example media type useable in arrangements according to the present disclosure.
[00103] Figure 66 is an enlarged, schematic, cross-sectional view of a portion of
the media type depicted in Figure 65.

[00104] Figure 67 includes schematic views of examples of various fluted media
definitions, for media of the type of Figures 65 and 66.

[00105] Figure 68 is a schematic view of an example process for manufacturing

media of the type of Figures 65-67.
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[00106] Figure 69 is a schematic cross-sectional view of an optional end dart for
media flutes of the type of Figures 65-68.

[00107] Figure 70 is a schematic perspective view of a coiled filter arrangement
usable in a filter cartridge having features in accord with the present disclosure, and
made with a strip of media for example in accord with Figure 65.

[00108] Figure 71 is a schematic perspective view of a stacked media pack
arrangement usable in a filter arrangement having selected features in accord with
the present disclosure and made from a strip of media for example in accord with
Figure 65.

[00109] Figure 72 is a schematic flow end view of a filter media pack using an
alternate media to the media of Figure 65, and alternately usable in selected filter
cartridges in accord with the present disclosure.

[00110] Figure 73 is a schematic opposite flow end view to the view of Figure 72.
[00111] Figure 74 is a schematic cross-sectional view of the media pack of
Figures 72 and 73.

[00112] Figure 75 is a schematic, fragmentary, cross-sectional view of a further
alternate media type usable in a media pack of a filter cartridge having features in
accord with the present disclosure.

[00113] Figure 76 is a schematic, fragmentary cross-sectional view, of a first
variation of the media type of Figure 75.

[00114] Figure 77 is a schematic fragmentary depiction of another usable fluted
sheet/facing sheet combination in accord with the present disclosure.

[00115] Figure 78 is a fragmentary second schematic view of the type of media in
Figure 77 shown in a media pack.

[00116] Figure 79 is a schematic, fragmentary, plan view of still another media
variation usable in arrangements according to the present disclosure.

[00117] Figure 80 is a schematic view of another variation of usable media in
accord with the present disclosure.

[00118] Figure 81 is a schematic depiction of another usable fluted sheet/facing
sheet combination in accord with the present disclosure.

[00119] Figure 82 is a perspective view of a portion of the usable fluted

sheet/facing sheet combination depicted in Figure 81.

11



WO 2023/141473 PCT/US2023/060851

[00120] Figure 83 is a perspective view of another media variation useable in
arrangements according to the present disclosure.

[00121] Figure 84 is a schematic, perspective view of a portion of a support
section of the filter media of Figure 83, illustrated in a folded configuration but
expanded or separated for illustrative purposes.

[00122] Figure 85 is a schematic, cross-sectional view of a portion of the support
section of the filter media of Figure 83, illustrated in a folded configuration but
expanded or separated for illustrative purposes.

[00123] Figure 86 is a perspective view of another media variation useable in
arrangements according to the present disclosure.

[00124] Figure 87 is a schematic depiction of an equipment assembly including

an air cleaner according to the present disclosure.

DETAILED DESCRIPTION

[00125] Herein, example filter assemblies, features, and components thereof are
described and depicted. A variety of specific features and components are
characterized in detail. Many can be applied to provide advantage. There is no
specific requirement that the various individual features and components be applied
in an overall assembly with all of the features and characteristics described,

however, in order to provide for some benefit in accord with the present disclosure.

1. Some General Issues Relating to Air Cleaner Design and Servicing

A. An Equipment System Using an Air Cleaner Assembly, Generally, Fisure 87

[00126] In Figure 87, a schematic depiction of an engine equipment arrangement
1360 is depicted. The equipment system 1360, in the example, comprises a vehicle
or other equipment 361 having an internal combustion engine arrangement 1362
with a combustion air intake 1363. The equipment arrangement 1360 includes an air
cleaner system 1365 having a filter arrangement 1366 therein, typically comprising a
serviceable (i.e. removable and replaceable) filter cartridge. The air cleaner system
1365 and filter arrangement 1366 can include any of the below-described air
cleaners and filter cartridges, and combinations thereof. Intake air to the system is

shown at 1367 directed into the air cleaner assembly 1365 before filtering of
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unfiltered air through media of the filter cartridge arrangement 1366. At 1368,
filtered air is shown being directed into the equipment air intake 1363. At 1370,
optional equipment such as turbo system is shown.

[00127] Of course, alternate equipment systems can be represented by
arrangements analogous to those of Figure 87. The equipment system can be for
example, an industrial air filter, an air cleaner arrangement used in association with a
turbine, etc. The use in association with an internal combustion engine is typical,

but not specifically required for many of the principles characterized herein.

B. Ensuring that a Cartridge Installable in the Air Cleaner is an Appropriate one for

the Air Cleaner of Concern

[00128] In general, air cleaners such as used to filter equipment intake air,
comprise housings having positioned therein at least a main filter cartridge, and
sometimes, a secondary. The main filter cartridge generally is constructed to collect
particulate contaminant as it flows into the air intake stream for the equipment. This
protects the equipment against damage. Such filter cartridges are generally
configured to be removed and replaced, i.e. they are service parts. At various
defined service intervals, and/or as increase in restriction (from dust load) becomes
an issue, the cartridges are removed from the air cleaner and are refurbished or
replaced.

[00129] In many instances, the cartridges are specifically designed to match the
equipment manufacturers’ requirements for operation. It is important to ensure that
the cartridge, which is replaced in the field, is a proper one for the equipment
involved, and, thus fits and seals properly.

[00130] In general, a primary interface between the filter cartridge and the air
cleaner is along a housing seal. This interface has sometimes been used to help
ensure that a cartridge that fits is also a proper one for the system of interest.
Examples are provided by the descriptions of U.S. 8,864,866, the disclosure of
which is incorporated herein by reference. In that particular reference, seal surface
variations through projections and/or recesses are described, in general terms. Those
general principles are applied herein, with improvements and variations for certain

applications.
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C. Observations Concerning Issues with Installation of Cartridges in Systems in

which the Housing Radial Seal of Interest is Deeply Recessed in the Housing:

and/or, when Side-Load is Involved

[00131] In many instances, the seal surface to be engaged by a seal on the
cartridge is deeply recessed within a housing, and out of view of the service
provider. In addition, it can be difficult, if not impossible, to manually reach the seal
surface as the cartridge is being installed, due to the size of the housing, and a
blocking effect of the cartridge. An issue with using cartridges having seals which
are not merely of simple or uniform geometric shape, such as circular or oval is that
it, can be difficult, depending on the design, to orient the cartridge appropriately for
the sealing to properly occur during installation. Certain of the techniques
characterized herein are useful to facilitate this, in application, as will be understood
from the further detailed descriptions above.

[00132] The problem can sometimes be exacerbated, when the cartridge is
configured for side load. By side load, reference is meant to the portion of the
housing through which the cartridge is installed in use. In particular, and in some
instances, a straight through flow cartridge is loaded through the side of a housing
and then pushed sideways into a sealing positioned. It can be difficult to manipulate
and leverage the cartridge appropriately to get good sealing. Examples of
advantageous side load arrangements with useful features to facilitate loading are
described, for example in U.S. 7,396,375; U.S. 7,655,074; U.S. 7,905,936; U.S.
7,713,321 and U.S. 7,972,404, incorporated herein by reference.

[00133] The arrangements of the references identified in the previous paragraph,
generally use oval shaped seals, typically racetrack shaped ovals. (shapes with
straight sides separated by semi-circular curved ends in the seal surface). When the
desire is to introduce a variation in the seal surface, it can sometimes be difficult,
depending on how implemented, to get good, convenient, installation in a side load
application. Some principles described herein are characterized to be particularly

useful in such situations, to facilitate loading.

14



WO 2023/141473 PCT/US2023/060851

II. Example Air Cleaners and Filter Cartridees

A. Air Cleaner 100

[00134] Referring to Figures 1 to 4, an air cleaner assembly 100 is presented. In
one aspect, the air cleaner assembly 100 includes a housing assembly 102, a first
filter cartridge 200, and a second filter cartridge 300 extending along a longitudinal
axis X. The first filter cartridge 200 may be referred to by various terms that are
generally interchangeable, such as a primary filter cartridge or a main filter
cartridge. The second filter cartridge 300 may be referred to by various terms that
are generally interchangeable, such as a secondary filter cartridge or a safety filter
cartridge. As used herein, the terms “axial” and “axially” generally refer to a
direction that is parallel to the longitudinal axis X while the term “radially”
generally refers to a direction that is orthogonal to the longitudinal axis X. As also
used herein, the term “radially inward” generally refers to a direction facing towards
the longitudinal axis X while the term “radially outward” generally refers to a
direction facing away from the longitudinal axis X. As used herein, the term
“located radially” generally refers to a component or feature is located further or
closer to the longitudinal axis X in the radial direction relative to another component
or feature, and not necessarily that the component or feature is located on a common
radial line with the other component or feature. As used herein, the term “located
axially” generally refers to a component or feature is located in a specified axial
direction relative to another component or feature, and not necessarily that the
component or feature is located on a common axial line with the other component or
feature. Similarly, the term “located axially between” generally refers to a
component or feature that is located between two other components in the axial
direction and not necessarily that the component or feature is located on a common
line or axis between the two other components.

[00135] As shown, the housing assembly 102 can be configured with a main
housing 104 and a cover 105 that allow for an interior volume104a of the main
housing 104 to be accessed through an opening 104b. The cover can be of any
known type and secured to the main housing 104 using any number of methods or
approaches known in the art, for example by over-center latches, interacting lugs,
and the like. In the example shown, the cover 105 is pivotally secured to the main

housing 104. In one aspect, a seal member 107 circumscribing the opening 104b
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may be provided to form a seal between the housing 104 and the cover 105. In one
aspect, the main housing 104 and interior volume 104a extend between an inlet end
104c and an outlet end 104d. As discussed below in more detail, the housing also
defines a pair of receiving features 104e for engaging with corresponding features
on the filter cartridge 200. The housing 104 is further shown as being provided with
an axially extending sidewall 104f located within the interior volume 104a and
defining a radially outwardly facing seal surface 104g. As discussed later, a seal
arrangement of the filter cartridge 300 forms a seal against the seal surface 104g.
The axially extending sidewall 104f also defines a radially inward facing seal
surface 104h against which the seal arrangement, at a different location, of the filter
cartridge 300 forms a seal. While the seal surfaces 104g, 104h are formed on
opposite sides of a common sidewall 104f, the main housing 104 can be
alternatively arranged such that the seal surfaces are formed on different sidewalls of
the housing.

[00136] In one aspect, the air cleaner assembly 100 includes a pre-cleaner
assembly 106 mounted to the main housing 104 at the inlet end 104c. In the
example shown, the pre-cleaner assembly 106 is presented as a two-stage air cleaner
assembly, and includes a plurality of separator tube arrangements 106a. The pre-
cleaner assembly 106 is usable to preclean selected material (contaminant) carried
by an air stream into the air cleaner assembly 100, before the air reaches the first
filter cartridge 200 positioned therein. Such precleaning generally leads to
substantial removal of liquid particulate such as rainwater or splashed water, etc.
and/or various (especially larger) dust or other particles. In the example shown,
contaminants removed by the pre-cleaner assembly 106 can be discharged though an

ejection port 106b.

B. Filter Cartridge 200

[00137] Referring now to Figures 5-7, an exemplary embodiment of a first filter
cartridge 200 of air cleaner assembly 100 is illustrated. The filter cartridge 200
extends between a first end 202 and a second end 204. In one aspect, the first end
202 can be characterized as the upstream end of the filter cartridge 200 while the
second end 204 can be characterized as the downstream end of the filter cartridge

200. The filter cartridge 200 can be considered to be the main or primary filter
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cartridge (or element), and is used to selectively separate a desired amount of
particulate or contaminant material.

[00138]  Filter cartridge 200 is generally a serviceable part or removable
component, such that it is periodically removable and replaceable as desired or
necessary during the lifetime of the air cleaner assembly 100. In particular, when
the filter cartridge 200 becomes occluded or otherwise needs to be replaced, the
filter cartridge 200 can be removed from the housing 104, for example by a handle
228, after removing or displacing the cover. After such removal, another filter
cartridge 200 can be placed in the housing 104 by inserting the filter cartridge 200
into the interior volume 104a via opening 104b.

[00139] The filter cartridge 200 generally includes a media pack 210. In the
example shown, the media pack 210 has inlet flow end 212 for receiving unfiltered
air or pre-cleaned air from the pre-cleaner (if provided) and an outlet flow end 214
for delivering filtered air. In the example shown, the media pack 210 has an
obround cross-sectional shape. However, other shapes are possible, such as round,
oval, and rectangular cross-sectional shapes. In one aspect, the media pack 210
defines an outer perimeter extending between the inlet and outlet flow ends 212,
214. In the example shown, the media pack 210 is formed from a coiled media
construction, for example a media construction having a fluted (typically corrugated)
media sheet and a facing media sheet that together define parallel flutes to form a
fluted or z-filter media construction. Suitable media constructions for the media
pack 210 are discussed in more detail in the Media Types and Configurations
section.

[00140] In one aspect, a shell 220 is provided that circumscribes the media pack
210 outer perimeter. In one aspect, the shell 220 can be characterized as being
peripherally arranged about the outer perimeter of the media pack 210. In one
aspect, the shell 220 can be characterized as peripherally supporting at least a
portion of the media pack 210 in a radial direction. In some examples, an adhesive
is used to secure the media pack 210 within the shell 220. In some examples, the
media pack 210 has an interference fit with the shell 220. In the examples shown,
the shell 220 has a single-piece construction. However, the shell 220 can be
provided in multiple parts, for example in two mating halves. In the example

shown, the shell 220 includes a support structure 222 located at the downstream face
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of the media pack 210. The support structure 222 can include multiple ribs or
bridging segments to support the media pack 210 end face. With such a
construction, the shell 220 can also be characterized as axially supporting the media
pack 210. The shell 220 is further shown as defining an axial flange 224 extending
beyond the support structure 222 and the media pack 210, at the second end 204.
The axial flange 224 defines a radially inward facing sealing surface 224a. As
discussed later, a seal associated with the filter cartridge 300 forms a seal against the
seal surface 224a when both the filter cartridges 200, 300 are fully installed within
the housing. As most easily seen at Figures 5 and 6, the shell 220 is also provided
with, proximate the inlet flow end 212, a radially extending flange 230 presenting an
axially face 230a for supporting a seal arrangement 232. For clarity, the seal
arrangement 232 is not shown at Figures 5 and 6, but is shown at Figures 1 to 4. In
one example, the seal arrangement 232 is over-molded onto the flange 230. In
another example, the seal arrangement 232 is separately formed and later secured to
the face 230a with an adhesive or by other means. In one aspect, the seal
arrangement 232 defines a radial sealing surface 232a about the outer perimeter of
the seal arrangement 232. The radial sealing surface 232a forms a seal with the
main housing 104 and with the cover 105 and serves to ensure treated air from the
pre-cleaner assembly 106 is guided to the inlet flow end 212 of the media pack 210.
This arrangement also aids in guiding the filter cartridge 200, in a method of
installation, from the initial tilted position into the fully installed position in that the
interaction between the main housing 104 and the seal arrangement 232 operates to
fix the lateral and axial rotational position of the cartridge 200. With reference to
Figure 40, filter cartridge 200’ is shown in the tilted position and shows the
longitudinal axis of the filter cartridge 200’ in the tilted position as X-TILT and
shows the longitudinal axis of the filter cartridge 200’ in the installed position as X-
INSTALL. These orientations and following description are applicable to both filter
cartridge 200 and 200°. In the tilted position, the longitudinal axis X-TILT of the
filter cartridge is at an oblique angle in comparison to the longitudinal axis X-
INSTALL of the filter cartridge when in the installed position. In the installed
position, the longitudinal axis of the filter cartridge is parallel to the air cleaner
longitudinal axis X. In the tilted position, the longitudinal axis of the filter cartridge

is at an oblique angle to the air cleaner longitudinal axis X.
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[00141] The shell 220 is also shown as defining a pair of locating features 226
that engage with corresponding receiving features 104e on the housing 104.
Although two locating features 226 are shown, more or fewer appropriately
positioned locating features may be utilized. In one characterization, the locating
and receiving features 226, 104e may be referred to as a catch arrangement in which
the locating feature(s) 226 form a first part of the catch arrangement and in which
the receiving feature(s) 104e form a second part of the catch arrangement. In one
aspect, the first part of the catch arrangement extends beyond the outlet flow end of
the media pack 220 and also extends radially beyond the outer perimeter of the
media pack 220. As most easily seen at Figures 20 and 21, the locating features 226
and receiving features 104e readily engage with each other as they are provided as
complementary detent-type hook-shaped members 226a, 104i. In one aspect, the
member 226a presents a convex curved surface that engages with the receiving
feature 104e. In some examples, the receiving feature 104e can be provided with a
correspondingly shaped concave surface. In one aspect, the receiving features 104e
are additionally provided with sloped or ramped surfaces 104;, 104k that, in a
method of installation, guide the locating features 226 such that the filter cartridge
200 is laterally guided into a centered alignment position with respect to the filter
cartridge 300 and housing assembly102. Together, the surfaces 1041, 104j, 104k and
a sidewall surface 104p of the housing define a trough region 104m within which
each locating feature 226 is received and retained. Together, these features help
guide the installation of the filter cartridge 200 and ensures that the filter cartridge
will only sealingly engage with a properly seated filter cartridge 300. The
interaction between the locating features 226 and receiving features 104e, once
engaged, secures the position of the filter cartridge 200 in an axial position such that
relative movement between the filter cartridges 200, 300 is resisted, thus ensuring
the seal formed between them is maintained.

[00142] Referring to Figure 3, it can be seen that an axial area or gap 50 exists
between the end of the filter cartridge 200 and the pre-cleaner 106 having an axial
dimension 50a. This gap 50 provides clearance for the filter cartridge 200 to be
inserted into the interior volume 104a of the housing at a first angle in which the
second end 204 hangs lower than the first end 202. In one example, the first angle is

about 3 degrees relative to a plane orthogonal to the longitudinal axis X. In some
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examples, the first angle is between 2 and 10 degrees. Notably, the handle 228 is
positioned axially between the ends 202, 204 such that the cartridge naturally hangs
at the first angle. Accordingly, when an operator lowers the filter cartridge 200 into
the interior volume 104a, the locating features 226 contact the receiving features
104e and the filter cartridge 200 is brought into lateral alignment with the housing
104 and filter cartridge 300. As the operator continues to lower the filter cartridge
200, the filter cartridge will rotate about the contact points between the locating
features 206 and receiving features 104e until the filter cartridge 200 is fully
installed with the longitudinal axis of the filter cartridge 200 aligning with that of the
housing, whereby the flange 224 is brought into sealing engagement with the filter
cartridge 300, as discussed in further detail below. The removal of the filter
cartridge 200 from the housing 104 is the reverse operation, whereby an operator
pulls up on the handle 228 such that the filter cartridge naturally rotates back to the
first angle and out of engagement with the filter cartridge 300.

[00143] The shell 220 may be secured to the media pack 210 by an adhesive. The
shell 220 is also shown as integrally forming the above-discussed handle 228. In
one aspect, the shell 220 of the filter cartridge 200 is formed from a polymeric

material, such as nylon, polypropylene, or ABS plastic.

C. Filter Cartridge 300

[00144] Referring now to Figures 8-17, an exemplary embodiment of a second
filter cartridge 300 of air cleaner assembly 100 is illustrated. The filter cartridge 300
extends between a first end 302 and a second end 304. In one aspect, the first end
302 can be characterized as the upstream end of the filter cartridge 300 while the
second end 304 can be characterized as the downstream end of the filter cartridge
300. The filter cartridge 300 can be considered to be the secondary or safety filter
cartridge (or element), and is used to selectively separate a desired amount of
particulate or contaminant material.

[00145]  Filter cartridge 300 is generally a serviceable part or removable
component, such that it is periodically removable and replaceable as desired or
necessary during the lifetime of the air cleaner assembly 100. In particular, when
the cartridge 300 becomes occluded or otherwise needs to be replaced, the cartridge
300 can be removed from the housing 104, for example by a handle portion 306,

after removing or displacing the cover and removing the filter cartridge 200. After
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such removal, another filter cartridge 300 can be placed in the housing 104 by
inserting the filter cartridge 300 into the interior volume 104a via opening 104b.
[00146] The filter cartridge 300 generally includes a media pack 310. In the
example shown, the media pack 310 has inlet flow end 312 for receiving air filtered
from filter cartridge 200 and an outlet flow end 314 for delivering filtered air. In the
example shown, the media pack 310 has an obround cross-sectional shape.
However, other shapes are possible, such as round, oval, and polygonal (e.g.
rectangular) cross-sectional shapes. In one aspect, the media pack 310 defines an
outer perimeter extending between the inlet and outlet flow ends 312, 314. In the
example shown, the media pack 310 is formed from a pleated media construction.
Suitable media constructions for the media pack 310 are discussed in more detail in
the Media Types and Configurations section.

[00147] In one aspect, a shell 320 is provided that circumscribes the media pack
310 outer perimeter. In one aspect, the shell 320 can be characterized as being
peripherally arranged about the outer perimeter of the media pack 310. In one
aspect, the shell 320 can be characterized as peripherally supporting at least a
portion of the media pack 310 in a radial direction. In some examples, an adhesive
is used to secure the media pack 310 within the shell 320. In some examples, the
media pack 310 has an interference fit with the shell 320. In the examples shown,
the shell 320 has a single-piece construction. However, the shell 320 can be
provided in multiple parts, for example in two mating halves. In the example
shown, the shell 320 includes a support structure 322. The support structure 322 can
include multiple ribs or bridging segments to support the media pack 310. With
such a construction, the shell 320 can also be characterized as axially supporting the
media pack 310.

[00148] In one aspect, the filter cartridge 300 includes a seal member 330
peripherally arranged about and circumscribing the media pack 310 and shell 320.
Herein, the principles described are characterized as implemented specifically in
arrangements in which a housing seal positioned on the filter cartridge, is a “radial”
or “radially directed” seal. By this, reference is meant to a seal that is used to apply
compressive seal forces directed either: generally toward a surrounding portion of a
housing; or, alternately, with seal forces directed toward a portion of housing

surrounded by the seal, for the sealing during use. With filter cartridges of the type
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characterized herein, a radial seal will generally be a seal that surrounds a flow
passageway, with primary compressive direction (when installed) being toward or
away from that flow passageway. An outwardly or radially outwardly directed seal
will be one which has a seal surface on the seal arrangement (of the cartridge) that
sealingly engages a surrounding structure in use. A radially inwardly directed seal,
is a seal arrangement in which the seal surface of the cartridge surrounds the
structure to which it sealed during use.

[00149] As most easily viewed at the cross-sectional views of the seal member
330 provided at Figures 17, 22, and 23, the seal member 330 can include a base
member 332 including multiple segments or portions, for example segments or
portions 332a to 332g. In the particular example shown, segments 332a, 332e, 332g
extend in an axial direction while segment 332¢ extends in a radial direction, with
segment 332b providing a transition between segments 332a, 332¢, segment 333d
providing a transition between segments 332c, 332e, and segment 332f providing a
transition between segments 332e, 332g. In the configuration shown, the segments
332g and 332a are generally parallel to each other and form a trough region 332i
extending to section 332f, within which seal arrangement 336 is located. In one
aspect, the seal member 330 is secured to the shell 320 at a radially inwardly facing
side 332h of the segment 332a. It is noted that segments 332b to 332g are only
provided at the end of the filter cartridge 300 including the handle portion 306 to
enable seal member arrangements 336 and 338 to circumscribe or follow the outer
perimeter of the handle portion 306. A view of this portion of the seal member 330
is provided at Figure 23. The remaining sections of the seal member 330 are similar
to the configuration shown at the lower portion of Figure 17 in which the section
332a extends to section 332f. A top cross-sectional view of this portion of the seal
member 330 is also shown at Figure 22. It is noted that the drawings, for example
Figures 22 and 23, show the seal arrangements in their non-deflected states while
installed within the housing such that overlap between the seal members and
housing exists. However, a skilled person will easily and readily appreciate that the
seal members of the seal arrangements will be deflected by the surfaces of the
housing once installed within the housing. In the example shown, the seal member
330 extends on the shell 320 between the inlet flow end 312 to the outlet flow end

314 of the cartridge 300 to completely cover the shell 320. However, other
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configurations are possible, wherein the seal member 330 only partially covers the
shell 320, as is the case for filter cartridge 300°, presented below.

[00150] In one aspect, the seal member 330 includes a plurality of seal
arrangements 334, 336, 338 extending from the base member 332. The seal
arrangements 334, 336, 338 ensure that an appropriate seal is formed between the
filter cartridges 200, 300 and the housing assembly102 such that air delivered from
the outlet end 104d must first pass through both filter cartridges. In one aspect, and
as most easily seen at Figure 17, the base of the seal arrangement 334, proximate
section 332a, is located radially closer to the longitudinal axis of the filter cartridge
300 and the outer perimeter of the media pack 320 in comparison to the base of the
seal arrangement 336, proximate section 332g. In one aspect, the base of the seal
arrangement 338, proximate section 332g, is located further from the longitudinal
axis of the filter cartridge 300 and the outer perimeter of the media pack 320 than
the bases of both the seal arrangements 3344, 336. Accordingly, in general terms,
the seal arrangement 332 can be characterized as being radially closest to the
longitudinal axis and media pack outer perimeter, the seal arrangement 338 can be
characterized as being radially furthest from the longitudinal axis and media pack
outer perimeter, and the seal arrangement 336 can be characterized as being between
located at an intermediate radial distance between the seal arrangements 334, 338.
[00151] As shown, the seal arrangement 334 includes a pair of seal members
334a, 334b extending from the segment 332a. Although two seal members 334a are
shown, more or fewer seal members 334a may be provided, such as one or three seal
members 334a. In some examples, the seal members are lip seals. In some
examples, the lip seals are tapered lip seals. Although the lip seals 334a, 334b can
be provided with the same length, the lip seal 334b is longer than the lip seal 334a in
the presented example, which can provide for improved sealing and easier
installation. In one aspect, the lip seals 334a, 334b extend at an oblique angle from
the segment 332a in a radially outward direction and towards the first end 302 of the
filter cartridge 300. Accordingly, the seal arrangement 334 can be characterized as
being a radially outwardly directed seal arrangement. As the seal arrangements 334,
338 are angled in the same direction as the insertion direction of the filter cartridge
300, the oblique angle provides for ease of installation. Further, as the seal

arrangements 334, 336 are angled towards the higher pressure side of the air cleaner
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(i.e., angled in the upstream flow direction), the seals are angled to provide
additional sealing against the housing by the internal air pressure. When the filter
cartridge 300 is installed into the housing 104, the seal arrangement 334 forms a seal
against the housing at the radially inward facing seal surface 104h, as most easily
viewed at Figures 18 and 19. In alternative examples, the lip seals 334a, 334b
extend in the opposite oblique direction or extend orthogonally from the segment
332a.

[00152] In the example shown, the seal arrangement 334 deviates in an axial
direction such that one portion of the seal arrangement 334 is closer to the inlet or
outlet flow end 312, 314 in comparison to another portion of the seal arrangement
334 while the seal arrangements 336, 338 are arranged along a plane parallel to the
inlet and outlet flow ends 312, 314. Accordingly, an axial distance between the seal
arrangement 334 and the seal arrangements 336, 338 is variable with the axial gap
50 being smallest at a location proximate the handle portion 306 and the axial gap
being the largest at the opposite end of the cartridge 300. Other arrangements exist.
For example, the seal arrangements 336, 338 could also be configured to deviate in
an axial direction. For example, the seal arrangement 334 could be configured to be
arranged along a plane parallel to the inlet and outlet flow ends 312, 314. In some
examples, all of the seal arrangements 334, 336, 338 deviate in an axial direction. In
some examples, none of the seal arrangements 334, 336, 338 deviate in an axial
direction.

[00153] As shown, the seal arrangement 336 includes a pair of seal members
336a, 336b extending from the segment 332g. In some examples, the seal members
are lip seals. In some examples, the lip seals are tapered lip seals. Although the lip
seals 336a, 336b can be provided with the same length, the lip seal 336b is longer
than the lip seal 336a in the presented example, which can provide for improved
sealing and easier installation. In one aspect, the lip seals 336a, 336b extend at an
oblique angle from the segment 332g in a radially inward direction and towards the
first end 302 of the filter cartridge 300. Accordingly, the seal arrangement 336 can
be characterized as being a radially inward directed seal arrangement. As the seals
are angled in the same direction as the insertion direction of the filter cartridge 300,
this oblique angle provides for ease of installation. In an alternative arrangement,

the seals are angled towards the higher pressure side of the air cleaner (i.e., angled in
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the upstream flow direction) such that the seals are angled to provide additional
sealing against the housing by the internal air pressure. When the filter cartridge
300 is installed into the housing 104, the seal arrangement 336 forms a seal against
the housing at the radially outward facing seal surface 104g, as most easily viewed
at Figures 18 and 19. In alternative examples, the lip seals 336a, 336b extend in the
opposite oblique direction or extend orthogonally from the segment 332g.

[00154] In one aspect, as the seal arrangement 336 abuts the housing after
installation of the filter cartridge 300, the seal arrangement 336 provides a reaction
or back-up force that aids in ensuring that the seal arrangement 338 is held in a
radial position sufficient to form a seal with the housing. In some examples, the seal
arrangement 336 could be formed for only this purpose without necessarily forming
a seal with the housing while still contacting the housing to provide the
advantageous reaction force. In such cases, the seal arrangement 336 could be
referred to as a positioning arrangement 336. When configured as such, it would not
be necessary that the positioning arrangement 336 continuously contact the outer
perimeter of the housing surface as no seal needs to be maintained. Accordingly, a
positioning arrangement 336 could include spaced apart members circumferentially
oriented about the housing perimeter surface. In cases where arrangement 336 is
configured such that a continuous seal is not formed with the housing main body
104, it is noted that there would no longer be a pair of seals in a series arrangement.
As such, if a leak were to occur with seal arrangement 334 in such a configuration, a
leak around the filter cartridge would result 300. It is also noted that with such a
configuration, sections 332b-g, and the portion of section 332a between section 332b
and seal arrangement 334, should be continuous to ensure that air does not bypass
around filter cartridge 200 before entering filter cartridge 300.

[00155] As shown, the seal arrangement 338 includes a pair of seal members
338a, 338b extending from the segment 332g. In some examples, the seal members
are lip seals. In some examples, the lip seals are tapered lip seals. Although the lip
seals 338a, 338b can be provided with the same length, the lip seal 338b is longer
than the lip seal 338a in the presented example, which can provide for improved
sealing and easier installation. As most easily seen at Figure 21, the flange wall 224
is provided with a flared opening, for ease of installation, such that the contact point

for the lip seal 338D is further away from the longitudinal axis in comparison to the
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contact point for lip seal 338a. In one aspect, the lip seals 338a, 338b extend at an
oblique angle from the segment 332g in a radially outward direction and towards the
second end 304 of the filter cartridge 300. Accordingly, the seal arrangement 338
can be characterized as being a radially outward directed seal arrangement. As the
seals are angled in the same direction as the insertion direction of the filter cartridge
300, this oblique angle provides for ease of installation. Further, as the seals are
angled towards the higher pressure side of the air cleaner (i.e., angled in the
upstream flow direction), the seals are angled to provide additional sealing against
the housing by the internal air pressure. When the filter cartridges 200 and 300 are
installed into the housing 104, the seal arrangement 338 forms a seal against the
flange 224 of the filter cartridge 200 at the radially inward facing seal surface 224a,
as most easily viewed at Figure 19. In alternative examples, the lip seals 338a, 338b
extend in the opposite oblique direction or extend orthogonally from the segment
332g.

[00156] With continued reference to Figure 19, it can be viewed that the seal
arrangements 336, 338 extending from segment 332g are compressed within the
clearance area defined between the flange 224 of the filter cartridge 200 and the
sidewall 104f of the housing 104. This configuration ensures that the seal
arrangements 336, 338 form an adequate seal against the respective seal surfaces
104g, 224a and further ensures that the filter cartridge 300 is adequately retained
within the housing 104. With such a configuration, the seal arrangements 336, 338
may be together referred to as a primary seal that ensures a seal between the filter
cartridge 300 and the housing 104, with the seal arrangement 334 correspondingly
being referred to as a secondary seal arrangement. In some characterizations, the
seal arrangement 334 is referred to as a first seal arrangement and the seal
arrangements 336, 338 are together referred to as a second seal arrangement. One
advantage of the disclosed arrangement is that the filter cartridge 300 can be easily
removed from the housing 104 once the filter cartridge 200 is removed as the filter
cartridge 200 no longer exerts a compressive force onto the second seal arrangement
336, 338. This advantage can be characterized as providing the filter cartridge 300
with a lower service force. Another advantage of the disclosed arrangement is that
the seal arrangements 336, 338 are in series with the seal arrangement 334. With

such a configuration, a leak path around the filter cartridges 200, 300 is prevented
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from developing even with the failure of the first seal arrangement 334 or the second
seal arrangements 336, 338. In one aspect, and as can be seen at Figure 22, the seal
arrangements 336, 338 are located axially beyond the inlet flow end 312 of the
media pack 310, in a direction extending from the media pack outlet flow 314 end
towards the inlet flow end 312, and are further located radially beyond an outer
perimeter of the media pack 310.

[00157] In one approach for forming the shell 320 and seal member 330, the shell
320 can first be formed via injection molding, and subsequently placed into a second
mold wherein the seal member 330 can be injection molded onto the shell 320. One
class of materials suitable for injection molding of the seal member 330 are
thermoplastic elastomers (TPE). TPE materials allow for injection molding of
highly flexible parts with detailed profiles, and are thus advantageous for the
formation of the seal lips of the seal member 330. Other formation processes may
also be used. For example, the seal member 330 could be independently molded
from TPE or another material and later attached to the shell 320 or media pack 310
with an adhesive and/or sealant, or mechanically or frictionally secured in place
without the use of an adhesive. As the seal member 330 is disposed about the shell
320, the seal member 330 inside surface can have the same perimeter shape as the
shell 320 outside surface. In some examples, the seal member 330 can have a
different perimeter shape from the shell 320. In some examples, such as when no
shell is provided, the seal member 330 inside surface can have the same perimeter
shape as the media pack 310 outer perimeter. Further, although seal member 330 is
disclosed as being a single component, seal member 330 could be formed as
multiple components, for example a first component including seal arrangement 334
and a second component including seal arrangements 336 and 338. Further, it is
noted that as seals are formed between the housing at seal arrangements 334 and
336, it is not necessary that the sections 332a, 332b, 332¢, 332d, 332f be continuous
in order to ensure seal integrity. As such, these sections may have interruptions or
openings without compromising seal performance. As noted above, where seal
arrangement 336 is alternatively configured as a positioning arrangement 336
without forming a continuous seal with the housing main body 104, sections 332a-

332g would be continuous to ensure air does not bypass filter cartridge 200.
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[00158] In some examples, the seal member 330 can be initially formed as a flat
structure with the segments 332a, 332f, and 332g being aligned along a single plane.
Once formed in such a manner, the segment 332g can then be folded outwardly
about section 332f into the shape shown in the drawings. In view of the above, a
method for forming a filter cartridge exists by providing a media pack and then
securing or forming a seal member to the media pack directly or onto a shell within
which the media pack is disposed. Where the seal member is formed as an initially
flat construction, the method can include folding the seal member into the shape
shown in the drawings either before or after the seal is secured to the media pack or
shell.

[00159] Although the seal arrangements 334, 336, 338 are shown as being
integrally formed with the same base member 332, other arrangements are possible.
For example, the filter cartridge 300 could be provided with separate seal
arrangements 334, 336, 338 that are independently formed or molded onto the shell
320. Further, although the seal arrangements 334, 336, 338 are each shown as
including a pair of lip seals, the seal arrangements can be provided with more or

fewer lip seals or other types of seal members.

D. Air Cleaner 100’ Filter Cartridge 200°. Filter Cartridee 300’

[00160] With reference to Figures 24-54, a second example of an air cleaner 100’
is presented. The air cleaner 100’ shares many features in common with air cleaner
100 and has the same general arrangement including a housing assembly 102’ a first
filter cartridge 200’, and a second filter cartridge 300°. Where commonalities exist,
the above-provided descriptions for air cleaner 100, filter cartridge 200, and filter
cartridge 300 provided herein are fully applicable for air cleaner 100°, filter cartridge
200’, and filter cartridge 300 and need not be repeated in this section. In such
cases, the same reference numbers are used for air cleaner 100, but with an added
apostrophe. This section will instead focus on the relevant differences of air cleaner
100’ with respect to air cleaner 100.

[00161] In one aspect, the seal member 330” associated with the filter cartridge
300’ is provided with a modified configuration. For example, the entire length of
the seal member 330’ is provided with a section 332¢’ that is disposed at a slight
oblique angle to the longitudinal axis X. Further, segments 332¢’ and 332g’ are

provided with a greater length in comparison to segments 332e, 332g. As noted
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above, the seal member 330’ is also configured such that that seal member 330° does
not completely cover the shell 320°. Rather, the seal member 330’ is configured
such that the segment 332a’ follows and extends slightly beyond the axially
deviating location of the seal arrangement 334°.

[00162] The seal arrangements of the filter cartridge 300’ also include differences
over those of the filter cartridge 300. For example, seal arrangement 334’ is
provided with seal members, which can be characterized as lip seals, 334a’, 334b’
that have a longer length in comparison to seal member 334a, 334b and that are
further spaced apart to accommodate a bumper member 334¢’. The bumper member
334¢’ provides a radial limit for the displacement of the filter cartridge 300" within
the main housing 104’ to ensure that the seal members 334a’, 334b’ maintain
contact with the housing sealing surface about the entire perimeter of the seal
member 330°. With lip seals of the type shown at Figures 17 and 37, a concern
exists that radial compression on one side of the filter cartridge, for example due to
gravity, can result in the cartridge becoming radially offset to such a degree that the
portion of the seal members on the opposite side of the cartridge come out of sealing
contact with the housing, thereby creating a leak path. The bumper members 334¢’
act as a stop against the housing to prevent such a condition. A bumper member
334¢’ can also be provided on the seal member 330. In some examples, multiple
bumper members 334¢’ can be provided. In the example shown, the bumper
member 334¢’ is located between the seal members 334a’, 334b’, but can be
provided in other locations proximate the seal members 334a’, 334b’.

[00163] The seal arrangement 338’ also differs from seal arrangement 338 in the
seal members 338a’, 338b’ are provided with a shorter length in comparison to the
seal members 338a, 338D, and are also not provided at an oblique angle to the
longitudinal axis X. The seal members 338a’, 338b’ may be characterized as lip
seals. The features of the seal arrangement 336’ are generally the same as seal
arrangement 336 and include seal member or lip seals 336a’, 336b°. Notably, the
seal arrangement 334’ deviates in an axial direction opposite to that for seal
arrangement 334 such that the axial gap between the seal arrangements 334’ and seal
arrangements 336°/338’ is greatest at the end proximate the handle 306’ and at a

minimum around the remaining perimeter of the filter cartridge 300°. The above-
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described features of the seal member 330” can be incorporated into the seal member
330 without departing from the concepts presented herein.

[00164] As most easily viewed at Figure 45, the filter cartridge 300’ is provided
with an additional handle 307° extending from the inlet flow end 312’ of the media
pack 310°. In some examples, the filter cartridge 300’ can be provided without
handle 306’ such that handle 307’ is the only handle provided on the filter cartridge
300’. In such cases, the seal member 330’ can be provided with a uniform cross-
sectional profile at the location of the seal arrangements 336’, 338’ without the need
to include sections 332b’ to 332¢’ that are provided to accommodate the handle
portion 306’. Such an arrangement is also possible for filter cartridge 300 without
departing from the concepts presented herein.

[00165] In one aspect, the main housing 104’ and filter cartridge 200’ are
provided with a catch arrangement configuration with different interacting locating
and receiving features, in comparison to that described above for the air cleaner 100.
As most easily seen at Figures 34-36, the main housing 104’ is provided with a
vertical wall section 104q’ defining an open notch or recessed portion 104r’
configured for receiving a single, centrally arranged locating feature 226’ provided
on the filter cartridge 200°. In one characterization, the locating feature 226° and
wall section 104q’ may be referred to as a catch arrangement in which the locating
feature(s) 226’ is a first part of the catch arrangement and in which the wall section
104q’ is a second part of the catch arrangement. In one aspect, the vertical wall
section 104q’ runs orthogonally to the longitudinal axis X and parallel to the outlet
flow end 214’ of the filter cartridge 200’. In one aspect, the locating feature 226’
presents a concave shaped inner surface 226¢’ The main housing 104’ is further
shown as including a pair of longitudinally extending wall portions 104s’ extending
orthogonally from the wall section 104q’ in a direction towards the outlet end 104d’.
The locating feature 226’ is shown as being provided with a pair of notches 226b’
configured to receive the wall portions 104s’ such that the locating feature 226’ can
be fully received into the recessed portion 104r’. The interaction between the wall
portions 104s’ and notches 226b’ ensures that the cartridge 200’ is properly aligned
along the axis X of the air cleaner assembly 100’ before the cartridge 200’ is further
inserted into the main housing 104°. Further, the wall portions 104s’ and notches

226b’ can function as an arrangement that ensures the proper filter cartridge 200’ is
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installed within the main housing 104’ in that a filter cartridge 200’ without the
appropriately sized and located notches 226b’ cannot be fully received into the
housing. The locating feature 226’ is further shown as including a pair of detent or
hooking members 226a’ which extend laterally from the main body of the locating
feature 226’ to a width that is greater than the width of the recessed portion 104r’.
In the example shown, the detent or hooking members 226a’ are cylindrically
shaped with a convex shaped outer surface 226¢’ that rests upon and pivots about an
end surface 104t’ of the wall section 104q’. As shown, the end surface 104t’ is
provided with a rounded, convex shaped surface. Accordingly, once the locating
feature 226’ is hooked over the wall section 104q’ and within the recess 104r’, as is
shown with the cartridge 200’ in the initial tilted position at Figure 35, the detent
members 226a’ engage against the downstream side of the wall section 104q’ to
prevent the filter cartridge 200” from backing away from the wall section 104q’
towards the upstream direction. This feature aids in holding the top portion of the
filter cartridge 200’ in place while providing a pivot location for the filter cartridge
200’ to rotate from the initial tilted position towards the installed position. The
initial tilted position of the filter cartridge 200’ is illustrated at Figures 27, 28, 30,
35, 40. Figures 24, 25, 29, 32, 33, and 36 show the fully installed position of the
filter cartridge 200” and with the cover 105 installed onto the main housing 104’.
As described for filter cartridge 200, the filter cartridge 200’ is provided with a
handle 228’ that can be used to manipulate the cartridge 200’ into the initial tilted
position, as shown in isolation at Figure 40. However, the handle 228’ is formed
into the flange 230’ and is therefore closer to the inlet flow end 212’ in comparison
to handle 228. The center of gravity of the filter cartridge 200’ is located axially
between the handle 228’ and the locating feature 226°, as illustrated at Figure 40.
This is also the case for filter cartridge 200. Stated another way, a first radial plane
orthogonal to the longitudinal axis X that extends through the center of gravity of
the filter cartridge 200’ is located between a second radial plane orthogonal to the
longitudinal axis X extending through the handle 228’ and a third radial plane
orthogonal to the longitudinal axis X extending through the locating feature 226’.
With such an arrangement, the filter cartridge 200’ will naturally hang at least at the
initial tilted angle, or at least at an angle whereby the locating feature 226’ hangs

vertically below the handle 228’ to facilitate easy initial engagement between the
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locating feature 226’ and the wall section 104q’. With such a configuration, such
that the locating feature 226’ can hinge about the wall section 104q’ without initial
interference between the seal member 330’ and the filter cartridge 200°. In the
example shown, the difference between the initial tilted angle and the fully installed
position of the filter cartridge is at least 5 degrees and about 8 degrees. The initial
tilted position is limited by the axial dimension 50a’ of the gap 50’ such that the
initial tilted position can increase as the axial dimension 50a’ of the gap 50’
increases.

[00166] The filter cartridge 200’ also differs from filter cartridge 200 in that the
media pack inlet flow end 212’ extends past the seal arrangement 232°. With such a
configuration, the axial dimension 50a’ of the gap 50’ is defined by the inlet flow
end 212’ rather than by the seal arrangement 232°. Also, in the example shown, the
seal arrangement 232’ is over-molded onto the flange 230’ of the shell 220°. The
seal arrangement 232’, like seal arrangement 232, could be separately formed and
later adhered to the flange 230’ in an alternative configuration. In some examples,
the seal arrangement 232’ can be provided on or about the shell 220’ proximate the

outlet flow end 214°.

E. Air Cleaner 100°’, Filter Cartridge 200°’. Filter Cartridee 300”

[00167] With reference to Figures 55-64, features of a third example of an air
cleaner 100” are presented that are usable with the air cleaners 100, 100°. The air
cleaner 100” shares many features in common with air cleaners 100 and 100° and
has the same general arrangement including a housing assembly 1027, a first filter
cartridge 2007, and a second filter cartridge 300”. Where commonalities exist, the
above-provided descriptions for air cleaner 100, 100’, filter cartridge 200, 200’,
filter cartridge 300, 300’ provided herein are fully applicable for air cleaner 1007,
filter cartridge 2007, and filter cartridge 3007, and need not be repeated in this
section. In such cases, the same reference numbers are used for air cleaner 1007, but
with two added apostrophes. This section will instead focus on the relevant
differences of air cleaner 100” with respect to air cleaners 100, 100”.

[00168] Air cleaner 100” primarily differs from the previously disclosed
embodiments in that a third example for a catch arrangement is disclosed in which
the first part 226” of the catch arrangement is provided as a horizontal pin 226 and

the second part 104e” of the catch arrangement is provided as a receiving structure
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104e” having a pair of open channel structures 104u”, presenting a cylindrically
shaped bearing surface. As shown, the open channel structures 104u” are supported
by extension members 104v” that extend horizontally from a vertical wall 104w” of
the housing 104”. Figures 55 and 58 show the first part 226” received into the
second part 104e” with the cartridge 200” being in the installed position. Figure 56
shows the air cleaner housing 104” without the filter cartridge 200” shown such that
the second part 104e” can be more easily viewed, as well as the filter cartridge 300”.
Figure 57 shows the air filter cartridge 200” in the tilted position during installation
or removal in which the longitudinal axis of the filter cartridge 200” is at an oblique
angle to the longitudinal axis of the air cleaner housing 104” and to the longitudinal
axis of the filter cartridge 200” when in the installed position.

[00169] As can also be seen at Figures 57 and 58-61, the filter cartridge 200” is
provided with a seal member 3317 proximate the outlet end of the filter cartridge
200” having a pair of seal members 331a”, configured as lip seals, and a bumper
member 331b”. Although two seal members 331a” are shown, more or fewer seal
members 331a” may be provided, such as one or three seal members 331a”. In the
example shown, the housing 104” is provided with a sealing surface 104x” against
which the seal member 330” can form a seal. Notably, the seal member 3317
deviates axially similarly to seal member 330, 330’, but in the opposite direction
such that the seal member 3317 is further from media pack outlet flow end 214”
proximate the catch arrangement first part 226” in comparison to the opposite end.
This arrangement thus accommodates the axial positioning of the first part 2267,
which is located axially beyond the outlet flow end 2147, in a direction extending
from the inlet flow end 212” towards the outlet flow end 214, while also delaying
the rotational angle of the filter cartridge 200 at which the bottom portion of the
seal member 3317 contacts the housing sealing surface 104x” as the cartridge 200”
is rotated from the tilted position into the installed position. As the filter cartridge
2007 is provided with seal member 3317, the seal member 330 of the filter cartridge
3007 can be configured with the previously shown and described seal arrangement
334, but without seal arrangements 336, 338.

[00170] With reference to Figures 62 to 64, the first part 226" of the catch
arrangement is shown in further detail. As shown, the first part 226” includes a base

structure 226d” extending from the shell 220”. In the example shown, the base
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structure 226d” has a generally triangular shape, but other shapes are also possible.
The base structure 226d” supports a pair of horizontally extending pin members
226¢” that are spaced apart to form a gap or opening space 226f”. In some
examples, the housing 104” can be provided with a correspondingly shaped
protrusion at the location of the gap 226f” such that only a filter cartridge 200”
having a correctly shaped gap or opening space 226f” can be installed within the
housing 104”. In some examples, the pin members 226e” can be formed as a single
pin member 226e” without including the gap or opening spaced 226f”. As stated
previously, the pin members 226¢” have a generally cylindrical shape, but could be
provided with other shapes as well. As most easily seen at Figure 61, it can be
viewed that the first part 226” is located radially beyond the outer perimeter of the
media pack 210” and is located axially beyond the outlet end 214" of the media pack
2107, in a direction extending from the inlet end 212" towards the outlet end 214”.
The first part 226 is also located radially beyond the seal member 3317 while being
located axially between the seal member 3317 and the outlet end 214” of the media
pack 210”.

III. Example Media Configurations, Generally

[00171] Any type of filter media can be used as the media pack for the disclosed
filter cartridges (e.g. 200, 200°, 200°°, 300, 300°’), as further described herein with
relation to Figures 65-86. Further, the media type for filter cartridge 200, 200, 2007
may be the same type or a different type of media than that for filter cartridge 300,
300”. For example, the filter cartridge 200, 200°, 200” may have fluted type media
while filter cartridge 300, 300’ may be provided with pleated type media.

[00172] The media can be of a variety of types and configurations, and can be
made from using a variety of materials. For example, pleated media arrangements
can be used in cartridges according to the principles of the present disclosure, as
discussed below.

[00173] The principles are particularly well adapted for use in situations in which
the media is quite deep in extension between the inlet and outlet ends of the

cartridge, but alternatives are possible. Also, the principles are often used in
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cartridges having relatively large cross-dimension sizes. With such arrangements,
alternate media types to pleated media will often be desired.

[00174] In this section, examples of some media arrangements that are usable
with the techniques described herein are provided. It will be understood, however,
that a variety of alternate media types can be used. The choice of media type is
generally one of preference for: availability; function in a given situation of
application, ease of manufacturability, etc. and the choice is not necessarily

specifically related to the overall function of selected ones of various filter

cartridge/air cleaner interaction features characterized herein.

A. Media Pack Arrangements Using Filter Media Having Media Ridges (flutes)

Secured to Facing Media

[00175] Fluted filter media (media having media ridges) can be used to provide
fluid filter constructions in a variety of manners. One well known manner is
characterized herein as a z-filter construction. The term "z-filter construction" as
used herein, is meant to include (but not be limited) a type of filter construction in
which individual ones of corrugated, folded or otherwise formed filter flutes are
used to define (typically in combination with facing media) sets of longitudinal,
typically parallel, inlet and outlet filter flutes for fluid flow through the media.

Some examples of z-filter media are provided in U.S. patents 5,820,646; 5,772,883,
5,902,364; 5,792,247; 5,895,574; 6,210,469: 6,190,432: 6,350,291 6,179,890:
6,235,195; Des. 399,944; Des. 428,128; Des. 396,098; Des. 398,046; and, Des.
437,401; each of these cited references being incorporated herein by reference.
[00176] One type of z-filter media, utilizes two specific media components joined
together, to form the media construction. The two components are: (1) a fluted
(typically corrugated) media sheet or sheet section, and, (2) a facing media sheet or
sheet section. The facing media sheet is typically non-corrugated, however it can
be corrugated, for example perpendicularly to the flute direction as described in U.S.
provisional 60/543,804, filed February 11, 2004, and published as PCT WO
05/077487 on August 25, 2005, incorporated herein by reference.

[00177] The fluted media section and facing media section can comprise separate

materials between one another. However, they can also be sections of the single
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media sheet folded to bring the facing media material into appropriate juxtaposition
with the fluted media portion of the media. For example, a single continuous sheet
of media formed with alternating fluted and flat sections along the length of the
media can be folded upon itself in zig-zag fashion to form a fluted media
configuration.

[00178] The fluted (typically corrugated) media sheet and the facing media sheet
or sheet section together, are typically used to define media having parallel flutes.
In some instances, the fluted sheet and facing sheet are separate and then secured
together and are then coiled, as a media strip, to form a z-filter media construction.
Such arrangements are described, for example, in U.S. 6,235,195 and 6,179,890,
each of which is incorporated herein by reference. In certain other arrangements,
some non-coiled sections or strips of fluted (typically corrugated) media secured to
facing media, are stacked with one another, to create a filter construction. An
example of this is described in Figure 11 of US 5,820,646, incorporated herein by
reference.

[00179] Herein, strips of material comprising fluted sheet (sheet of media with
ridges) secured to corrugated sheet, which are then assembled into stacks to form

2%

media packs, are sometimes referred to as "single facer strips,” “single faced strips,”
or as “single facer" or “single faced” media. The terms and variants thereof, are
meant to refer to a fact that one face, i.e., a single face, of the fluted (typically
corrugated) sheet is faced by the facing sheet, in each strip.

[00180] Typically, coiling of a strip of the fluted sheet/facing sheet (i.e., single
facer) combination around itself, to create a coiled media pack, is conducted with the
facing sheet directed outwardly. Some techniques for coiling are described in U.S.
provisional application 60/467,521, filed May 2, 2003 and PCT Application US
04/07927, filed March 17, 2004, now published as WO 04/082795, each of which is
incorporated herein by reference. The resulting coiled arrangement generally has, as
the outer surface of the media pack, a portion of the facing sheet, as a result.

[00181] The term "corrugated" used herein to refer to structure in media, is often
used to refer to a flute structure resulting from passing the media between two
corrugation rollers, i.e., into a nip or bite between two rollers, each of which has

surface features appropriate to cause corrugations in the resulting media. The term

"corrugation" is however, not meant to be limited to such flutes, unless it is stated
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that they result from flutes that are by techniques involving passage of media into a
bite between corrugation rollers. The term "corrugated" is meant to apply even if
the media is further modified or deformed after corrugation, for example by the
folding techniques described in PCT WO 04/007054, and published January 22,
2004, incorporated herein by reference.

[00182] Corrugated mediais a specific form of fluted media. Fluted media is
media which has individual flutes or ridges (for example formed by corrugating or
folding) extending thereacross.

[00183] Serviceable filter element or filter cartridge configurations utilizing z-
filter media are sometimes referred to as "straight through flow configurations" or
by variants thereof. In general, in this context what is meant is that the serviceable
filter elements or cartridges generally have an inlet flow end (or face) and an
opposite exit flow end (or face), with flow entering and exiting the filter cartridge in
generally the same straight through direction. The term "serviceable" in this context
is meant to refer to a media containing filter cartridge that is periodically removed
and replaced from a corresponding fluid (e.g. air) cleaner. In some instances, each
of the inlet flow end (or face) and outlet flow end (or face) will be generally flat or
planar, with the two parallel to one another. However, variations from this, for
example non-planar faces, are possible.

[00184] A straight through flow configuration (especially for a coiled or stacked
media pack) is, for example, in contrast to serviceable filter cartridges such as
cylindrical pleated filter cartridges of the type shown in U.S. Patent No. 6,039,778,
incorporated herein by reference, in which the flow generally makes a substantial
turn as its passes into and out of the media. That is, in a 6,039,778 filter, the flow
enters the cylindrical filter cartridge through a cylindrical side, and then turns to exit
through an open end of the media (in forward-flow systems). In a typical reverse-
flow system, the flow enters the serviceable cylindrical cartridge through an open
end of the media and then turns to exit through a side of the cylindrical filter media.
An example of such a reverse-flow system is shown in U.S. Patent No. 5,613,992,
incorporated by reference herein.

[00185] The term "z-filter media construction" and variants thereof as used
herein, without more, is meant to include, but not necessarily be limited to, any or all

of: a web of corrugated or otherwise fluted media (media having media ridges)
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secured adjacent to (facing) media, whether the sheets are separate or part of a single
web, with appropriate sealing (closure) to allow for definition of inlet and outlet
flutes; and/or a media pack constructed or formed from such media into a three
dimensional network of inlet and outlet flutes; and/or, a filter cartridge or
construction including such a media pack.

[00186] In Figure 65, an example of media 1001 useable in z-filter media
construction is shown. The media 1 is formed from a fluted, in this instance
corrugated, sheet 1003 and a facing sheet 1004. A construction such as media 1001
is referred to herein as a single facer or single faced strip.

[00187] Sometimes, the corrugated fluted or ridged sheet 1003, Figure 65, is of a
type generally characterized herein as having a regular, curved, wave pattern of
flutes, ridges or corrugations 1007. The term "wave pattern” in this context, is
meant to refer to a flute, ridge or corrugated pattern of alternating troughs 1007b and
ridges 1007a. The term "regular” in this context is meant to refer to the fact that the
pairs of troughs and ridges (1007b, 1007a) alternate with generally the same
repeating corrugation (flute or ridge) shape and size. (Also, typically in a regular
configuration each trough 1007b is substantially an inverse ridge for each ridge
1007a.) The term "regular" is thus meant to indicate that the corrugation (or flute)
pattern comprises troughs (inverted ridges) and ridges with each pair (comprising an
adjacent trough and ridge) repeating, without substantial modification in size and
shape of the corrugations along at least 70% of the length of the flutes. The term
"substantial" in this context, refers to a modification resulting from a change in the
process or form used to create the corrugated or fluted sheet, as opposed to minor
variations from the fact that the media sheet 3 is flexible. With respect to the
characterization of a repeating pattern, it is not meant that in any given filter
construction, an equal number of ridges and troughs is necessarily present. The
media 1001 could be terminated, for example, between a pair comprising a ridge and
a trough, or partially along a pair comprising a ridge and a trough. (For example, in
Figure 65 the media 1001 depicted in fragmentary has eight complete ridges 1007a
and seven complete troughs 1007b.) Also, the opposite flute ends (ends of the
troughs and ridges) may vary from one another. Such variations in ends are
disregarded in these definitions, unless specifically stated. That is, variations in the

ends of flutes are intended to be covered by the above definitions.
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[00188] In the context of the characterization of a "curved" wave pattern of
corrugations, in certain instances the corrugation pattern is not the result of a folded
or creased shape provided to the media, but rather the apex 1007a of each ridge and
the bottom 7b of each trough is formed along a radiused curve. A typical radius for
such z-filter media would be at least 0.25 mm and typically would be not more than
3 mm.

[00189] An additional characteristic of the particular regular, curved, wave
pattern depicted in Figure 65, for the corrugated sheet 1003, is that at approximately
a midpoint 1030 between each trough and each adjacent ridge, along most of the
length of the flutes 1007, is located a transition region where the curvature inverts.
For example, viewing back side or face 1003a, Figure 65, trough 1007b is a concave
region, and ridge 1007a is a convex region. Of course when viewed toward front
side or face 1003b, trough 1007b of side 1003a forms a ridge; and, ridge 1007a of
face 1003a, forms a trough. (In some instances, region 1030 can be a straight
segment, instead of a point, with curvature inverting at ends of the segment 1030.)
[00190] A characteristic of the particular regular, wave pattern fluted (in this
instance corrugated) sheet 1003 shown in Figure 65, is that the individual
corrugations, ridges or flutes are generally straight, although alternatives are
possible. By "straight" in this context, it is meant that through at least 70%,
typically at least 80% of the length, the ridges 1007a and troughs (or inverted ridges)
1007b do not change substantially in cross-section. The term "straight" in reference
to corrugation pattern shown in Figure 65, in part distinguishes the pattern from the
tapered flutes of corrugated media described in Figure 1 of WO 97/40918 and PCT
Publication WO 03/47722, published June 12, 2003, incorporated herein by
reference. The tapered flutes of Figure 1 of WO 97/40918, for example, would be a
curved wave pattern, but not a "regular” pattern, or a pattern of straight flutes, as the
terms are used herein.

[00191] Referring to the present Figure 65 and as referenced above, the media
1001 has first and second opposite edges 1008 and 1009. When the media 1001 is
formed into a media pack, in general edge 1009 will form an inlet end or face for the
media pack and edge 1008 an outlet end or face, although an opposite orientation is

possible.
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[00192] In the example depicted, the various flutes 1007 extend completely
between the opposite edges 1008, 1009, but alternatives are possible. For example,
they can extend to a location adjacent or near the edges, but not completely
therethrough. Also, they can be stopped and started partway through the media, as
for example in the media of US 2014/0208705 A1, incorporated herein by reference.
[00193] When the media is as depicted in Figure 65, adjacent edge 1008 can
provided a sealant bead 1010, sealing the corrugated sheet 3 and the facing sheet
1004 together. Bead 1010 will sometimes be referred to as a "single facer" or
“single face” bead, or by variants, since it is a bead between the corrugated sheet
1003 and facing sheet 1004, which forms the single facer (single faced) media strip
1001. Sealant bead 1010 seals closed individual flutes 1011 adjacent edge 1008, to
passage of air therefrom (or thereto in an opposite flow).

[00194] In the media depicted in Figure 65, adjacent edge 1009 is provided seal
bead 1014. Seal bead 1014 generally closes flutes 1015 to passage of unfiltered
fluid therefrom (or flow therein in an opposite flow), adjacent edge 1009. Bead
1014 would typically be applied as media 1001 is configured into a media pack. If
the media pack is made from a stack of strips 1001, bead 1014 will form a seal
between a backside 1017 of facing sheet 1004, and side 1018 of the next adjacent
corrugated sheet 1003. When the media 1001 is cut in strips and stacked, instead of
coiled, bead 1014 is referenced as a "stacking bead." (When bead 1014 isused in a
coiled arrangement formed from a long strip of media 1001, it may be referenced as
a "winding bead.").

[00195] In alternate types of through-flow media, seal material can be located
differently, and added sealant or adhesive can even be avoided. For example, in
some instances, the media can be folded to form an end or edge seam; or, the media
can be sealed closed by alternate techniques such as ultrasound application, etc.
Further, even when sealant material is used, it need not be adjacent opposite ends.
[00196] Referring to Figure 65, once the filter media 1001 is incorporated into a
media pack, for example by stacking or coiling, it can be operated as follows. First,
air in the direction of arrows 1012, would enter open flutes 1011 adjacent end 1009.
Due to the closure at end 1008, by bead 1010, the air would pass through the filter
media 1001, for example as shown by arrows 1013. It could then exit the media or

media pack, by passage through open ends 1015a of the flutes 1015, adjacent end
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1008 of the media pack. Of course operation could be conducted with air flow in the
opposite direction.

[00197] For the particular arrangement shown herein in Figure 1001, the parallel
corrugations 1007a, 1007b are generally straight completely across the media, from
edge 1008 to edge 1009. Straight flutes, ridges or corrugations can be deformed or
folded at selected locations, especially at ends. Modifications at flute ends for

closure are generally disregarded in the above definitions of "regular," "curved" and
"wave pattern."

[00198] Z-filter constructions which do not utilize straight, regular curved wave
pattern corrugation shapes are known. For example in Yamada et al. U.S. 5,562,825
corrugation patterns which utilize somewhat semicircular (in cross section) inlet
flutes adjacent narrow V-shaped (with curved sides) exit flutes are shown (see
Figures 1 and 3, of 5,562,825). In Matsumoto, et al. U.S. 5,049,326 circular (in
cross-section) or tubular flutes defined by one sheet having half tubes attached to
another sheet having half tubes, with flat regions between the resulting parallel,
straight, flutes are shown, see Figure 2 of Matsumoto '326. In Ishii, et al. U.S.
4,925,561 (Figure 1) flutes folded to have a rectangular cross section are shown, in
which the flutes taper along their lengths. In WO 97/40918 (FIGURE 1), flutes or
parallel corrugations which have a curved, wave patterns (from adjacent curved
convex and concave troughs) but which taper along their lengths (and thus are not
straight) are shown. Also, in WO 97/40918 flutes which have curved wave patterns,
but with different sized ridges and troughs, are shown. Also, flutes, which are
modified in shape to include various ridges, are known.

[00199] In general, the filter media is a relatively flexible material, typically a
non-woven fibrous material (of cellulose fibers, synthetic fibers or both) often
including a resin therein, sometimes treated with additional materials. Thus, it can
be conformed or configured into the various corrugated patterns, without
unacceptable media damage. Also, it can be readily coiled or otherwise configured
for use, again without unacceptable media damage. Of course, it must be of a nature
such that it will maintain the required corrugated configuration, during use.

[00200] Typically, in the corrugation process, an inelastic deformation is caused
to the media. This prevents the media from returning to its original shape.

However, once the tension is released the flute or corrugations will tend to spring
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back, recovering only a portion of the stretch and bending that has occurred. The
facing media sheet is sometimes tacked to the fluted media sheet, to inhibit this
spring back in the corrugated sheet. Such tacking is shown at 1020.

[00201]  Also, typically, the media contains a resin. During the corrugation
process, the media can be heated to above the glass transition point of the resin.
When the resin then cools, it will help to maintain the fluted shapes.

[00202] The media of the corrugated (fluted) sheet 1003 facing sheet 1004 or
both, can be provided with a fine fiber material on one or both sides thereof, for
example in accord with U.S. 6,673,136, incorporated herein by reference. In some
instances, when such fine fiber material is used, it may be desirable to provide the
fine fiber on the upstream side of the material and inside the flutes. When this
occurs, air flow, during filtering, will typically be into the edge comprising the
stacking bead.

[00203] An issue with respect to z-filter constructions relates to closing of the
individual flute ends. Although alternatives are possible, typically a sealant or
adhesive is provided, to accomplish the closure. As is apparent from the discussion
above, in typical z-filter media especially that which uses straight flutes as opposed
to tapered flutes and sealant for flute seals, large sealant surface areas (and volume)
at both the upstream end and the downstream end are needed. High quality seals at
these locations are important to proper operation of the media structure that results.
The high sealant volume and area, creates issues with respect to this.

[00204] Attention is now directed to Figure 66, in which z-filter media; i.e., a z-
filter media construction 1040, utilizing a regular, curved, wave pattern corrugated
sheet 1043, and a non-corrugated flat sheet 1044, i.e., a single facer strip is
schematically depicted. The distance D1, between points 1050 and 1051, defines the
extension of flat media 1044 in region 1052 underneath a given corrugated flute
1053. The length D2 of the arcuate media for the corrugated flute 1053, over the
same distance D1 is of course larger than D1, due to the shape of the corrugated
flute 1053. For a typical regular shaped media used in fluted filter applications, the
linear length D2 of the media 1053 between points 1050 and 1051 will often be at
least 1.2 times D1. Typically, D2 would be within a range of 1.2 - 2.0 times D1,
inclusive. One particularly convenient arrangement for air filters has a configuration

in which D2 is about 1.25 - 1.35 x D1. Such media has, for example, been used
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commercially in Donaldson Powercore™ Z-filter arrangements. Another potentially
convenient size would be one in which D2 is about 1.4 - 1.6 times D1. Herein the
ratio D2/D1 will sometimes be characterized as the flute/flat ratio or media draw for
the corrugated media.

[00205] In the corrugated cardboard industry, various standard flutes have been
defined. For example the standard E flute, standard X flute, standard B flute,
standard C flute and standard A flute. Figure 67, attached, in combination with
Table A below provides definitions of these flutes.

[00206] Donaldson Company, Inc., (DCI) the assignee of the present disclosure,
has used variations of the standard A and standard B flutes, in a variety of z-filter

arrangements. These flutes are also defined in Table A and Figure 67.
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TABLE A

Std

Std

Std

Std

Std

(Flute definitions for Figure 67)

DCI A Flute: Flute/flat = 1.52:1; The Radii (R) are as follows:

R1000 = .0675 inch (1.715 mm); R1001 = .0581 inch (1.476 mm);
R1002 = .0575 inch (1.461 mm); R1003 = .0681 inch (1.730 mm);

DCI B Flute: Flute/flat = 1.32:1; The Radii (R) are as follows:

R1004 = .0600 inch (1.524 mm); R1005 = .0520 inch (1.321 mm);
R1006 = .0500 inch (1.270 mm); R1007 = .0620 inch (1.575 mm);

. E Flute: Flute/flat = 1.24:1; The Radii (R) are as follows:

R1008 =.0200 inch (.508 mm); R1009 = .0300 inch (.762 mm);
R1010 =.0100 inch (.254 mm); R1011 = .0400 inch (1.016 mm);

. X Flute: Flute/flat =1.29:1; The Radii (R) are as follows:

R1012 =.0250 inch (.635 mm); R1013 = .0150 inch (.381 mm);

. B Flute: Flute/flat =1.29:1; The Radii (R) are as follows:

R1014 = .0410 inch (1.041 mm); R1015 = .0310 inch (.7874 mm);
R1016 = .0310 inch (.7874 mm);

. CFlute: Flute/flat=1.46:1; The Radii (R) are as follows:

R1017 = .0720 inch (1.829 mm); R1018 = .0620 inch (1.575 mm);

. A Flute: Flute/flat=1.53:1; The Radii (R) are as follows:

R1019 =.0720 inch (1.829 mm); R1020 = .0620 inch (1.575 mm).

Of course other, standard, flutes definitions from the corrugated box industry

are known.

[00207]

In general, standard flute configurations from the corrugated box industry

can be used to define corrugation shapes or approximate corrugation shapes for

corrugated

media. Comparisons above between the DCI A flute and DCI B flute,
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and the corrugation industry standard A and standard B flutes, indicate some
convenient variations.

[00208] It is noted that alternative flute definitions such as those characterized in
USSN 12/215,718, filed June 26, 2008; and published as US 2009/0127211 ; US
12/012,785, filed February 4, 2008 and published as US 2008/0282890; and/or US
12/537,069 published as US 2010/0032365 can be used, with air cleaner features as
characterized herein below. The complete disclosures of each of US 2009/0127211,
US 2008/0282890 and US 2010/0032365 are incorporated herein by reference.
[00209] Another media variation comprising fluted media with facing media
secured thereto, can be used in arrangements according to the present disclosure, in
either a stacked or coiled form, is described in US 2014/0208705 A1, owned by
Baldwin Filters, Inc., published July 31, 2014, and incorporated herein by reference.

B. Manufacture of Media Pack Configurations Including the Media of Figures 65-
67, see Ficures 68-71

[00210] In Figure 68, one example of a manufacturing process for making a
media strip (single facer) corresponding to strip 1001, Figure 65 is shown. In
general, facing sheet 1064 and the fluted (corrugated) sheet 1066 having flutes 1068
are brought together to form a media web 1069, with an adhesive bead located
therebetween at 1070. The adhesive bead 1070 will form a single facer bead 1010,
Figure 65. An optional darting process occurs at station 1071 to form center darted
section 1072 located mid-web. The z-filter media or Z-media strip 1074 can be cut
or slit at 1075 along the bead 1070 to create two pieces or strips 1076, 1077 of z-
filter media 1074, each of which has an edge with a strip of sealant (single facer
bead) extending between the corrugating and facing sheet. Of course, if the optional
darting process is used, the edge with a strip of sealant (single facer bead) would
also have a set of flutes darted at this location.

[00211] Techniques for conducting a process as characterized with respect to
Figure 68 are described in PCT WO 04/007054, published January 22, 2004
incorporated herein by reference.

[00212]  Still in reference to Figure 68, before the z-filter media 1074 is put
through the darting station 1071 and eventually slit at 1075, it must be formed. In
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the schematic shown in Figure 1004, this is done by passing a sheet of filter media
1092 through a pair of corrugation rollers 1094, 1095. In the schematic shown in
Figure 68, the sheet of filter media 1092 is unrolled from a roll 1096, wound around
tension rollers 1098, and then passed through a nip or bite 1102 between the
corrugation rollers 1094, 1095. The corrugation rollers 1094, 1095 have teeth 1104
that will give the general desired shape of the corrugations after the flat sheet 1092
passes through the nip 1102. After passing through the nip 1102, the sheet 1092
becomes corrugated across the machine direction and is referenced at 1066 as the
corrugated sheet. The corrugated sheet 1066 is then secured to facing sheet 1064.
(The corrugation process may involve heating the media, in some instances.)
[00213]  Still in reference to Figure 68, the process also shows the facing sheet
1064 being routed to the darting process station 1071. The facing sheet 1064 is
depicted as being stored on a roll 1106 and then directed to the corrugated sheet
1066 to form the Z-media 1074. The corrugated sheet 1066 and the facing sheet
1064 would typically be secured together by adhesive or by other means (for
example by sonic welding).

[00214] Referring to Figure 68, an adhesive line 1070 is shown used to secure
corrugated sheet 1066 and facing sheet 1064 together, as the sealant bead.
Alternatively, the sealant bead for forming the facing bead could be applied as
shown as 1070a. If the sealant is applied at 1070a, it may be desirable to put a gap
in the corrugation roller 1095, and possibly in both corrugation rollers 1094, 1095,
to accommodate the bead 1070a.

[00215] Of course the equipment of Figure 68 can be modified to provide for the
tack beads 1020, Figure 65, if desired.

[00216] The type of corrugation provided to the corrugated media is a matter of
choice, and will be dictated by the corrugation or corrugation teeth of the
corrugation rollers 1094, 1095. One useful corrugation pattern will be a regular
curved wave pattern corrugation, of straight flutes or ridges, as defined herein above.
A typical regular curved wave pattern used, would be one in which the distance D2,
as defined above, in a corrugated pattern is at least 1.2 times the distance D1 as
defined above. In example applications, typically D2 = 1.25 - 1.35 x D1, although
alternatives are possible. In some instances the techniques may be applied with

curved wave patterns that are not "regular," including, for example, ones that do not
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use straight flutes. Also, variations from the curved wave patterns shown, are
possible.

[00217] As described, the process shown in Figure 68 can be used to create the
center darted section 1072. Figure 69 shows, in cross-section, one of the flutes 1068
after darting and slitting.

[00218] A fold arrangement 1118 can be seen to form a darted flute 1120 with
four creases 1121a, 1121b, 1121c¢, 1121d. The fold arrangement 1118 includes a flat
first layer or portion 1122 that is secured to the facing sheet 1064. A second layer or
portion 1124 is shown pressed against the first layer or portion 1122. The second
layer or portion 1124 is preferably formed from folding opposite outer ends 1126,
1127 of the first layer or portion 1122.

[00219]  Still referring to Figure 69, two of the folds or creases 1121a, 1121b will
generally be referred to herein as "upper, inwardly directed" folds or creases. The
term "upper" in this context is meant to indicate that the creases lie on an upper
portion of the entire fold 1120, when the fold 1120 is viewed in the orientation of
Figure 69. The term "inwardly directed" is meant to refer to the fact that the fold
line or crease line of each crease 1121a, 1121b, is directed toward the other.

[00220] In Figure 69, creases 1121c, 1121d, will generally be referred to herein as
"lower, outwardly directed" creases. The term "lower" in this context refers to the
fact that the creases 1121¢, 1121d are not located on the top as are creases 1121a,
1121b, in the orientation of Figure 69. The term "outwardly directed" is meant to
indicate that the fold lines of the creases 1121c, 1121d are directed away from one
another.

[00221] The terms "upper" and "lower" as used in this context are meant
specifically to refer to the fold 1120, when viewed from the orientation of Figure 69.
That is, they are not meant to be otherwise indicative of direction when the fold
1120 is oriented in an actual product for use.

[00222] Based upon these characterizations and review of Figure 69, it can be
seen that a regular fold arrangement 1118 according to Figure 5 in this disclosure is
one which includes at least two "upper, inwardly directed, creases." These inwardly
directed creases are unique and help provide an overall arrangement in which the

folding does not cause a significant encroachment on adjacent flutes.
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[00223] A third layer or portion 1128 can also be seen pressed against the second
layer or portion 1124. The third layer or portion 1128 is formed by folding from
opposite inner ends 1130, 1131 of the third layer 1128.

[00224]  Another way of viewing the fold arrangement 1118 is in reference to the
geometry of alternating ridges and troughs of the corrugated sheet 1066. The first
layer or portion 1122 is formed from an inverted ridge. The second layer or portion
1124 corresponds to a double peak (after inverting the ridge) that is folded toward,
and in preferred arrangements, folded against the inverted ridge.

[00225] Techniques for providing the optional dart described in connection with
Figure 69, in a preferred manner, are described in PCT WO 04/007054, incorporated
herein by reference. Techniques for coiling the media, with application of the
winding bead, are described in PCT application US 04/07927, filed March 17, 2004
and published as WO 04/082795 and incorporated herein by reference.

[00226] Alternate approaches to darting the fluted ends closed are possible. Such
approaches can involve, for example: darting which is not centered in each flute;
and, rolling, pressing or folding over the various flutes. In general, darting involves
folding or otherwise manipulating media adjacent to fluted end, to accomplish a
compressed, closed, state.

[00227] Techniques described herein are particularly well adapted for use in
media packs that result from a step of coiling a single sheet comprising a corrugated
sheet/facing sheet combination, i.e., a "single facer" strip. However, they can also
be made into stacked arrangements.

[00228] Coiled media or media pack arrangements can be provided with a variety
of peripheral perimeter definitions. In this context the term "peripheral, perimeter
definition" and variants thereof, is meant to refer to the outside perimeter shape
defined, looking at either the inlet end or the outlet end of the media or media pack.
Typical shapes are circular as described in PCT WO 04/007054. Other useable
shapes are obround, some examples of obround being oval shape. In general oval
shapes have opposite curved ends attached by a pair of opposite sides. In some oval
shapes, the opposite sides are also curved. In other oval shapes, sometimes called
racetrack shapes, the opposite sides are generally straight. Racetrack shapes are
described for example in PCT WO 04/007054, and PCT application US 04/07927,
published as WO 04/082795, each of which is incorporated herein by reference.
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[00229]  Another way of describing the peripheral or perimeter shape is by
defining the perimeter resulting from taking a cross-section through the media pack
in a direction orthogonal to the winding access of the coil.

[00230] Opposite flow ends or flow faces of the media or media pack can be
provided with a variety of different definitions. In many arrangements, the ends or
end faces are generally flat (planer) and perpendicular to one another. In other
arrangements, one or both of the end faces include tapered, for example, stepped,
portions which can either be defined to project axially outwardly from an axial end
of the side wall of the media pack; or, to project axially inwardly from an end of the
side wall of the media pack.

[00231] The flute seals (for example from the single facer bead, winding bead or
stacking bead) can be formed from a variety of materials. In various ones of the
cited and incorporated references, hot melt or polyurethane seals are described as
possible for various applications.

[00232] In Figure 70, a coiled media pack (or coiled media) 1130 constructed by
coiling a single strip of single faced media is depicted, generally. The particular
coiled media pack depicted is an oval media pack 1130a, specifically a racetrack
shaped media pack 1131. The tail end of the media, at the outside of the media pack
1130 is shown at 1131x. It will be typical to terminate that tail end along straight
section of the media pack 1130 for convenience and sealing. Typically, a hot melt
seal bead or seal bead is positioned along that tail end to ensure sealing. In the
media pack 130, the opposite flow (end) faces are designated at 1132, 1133. One
would be an inlet flow end or face, the other an outlet flow end or face.

[00233] In Figure 71, there is (schematically) shown a step of forming stacked z-
filter media (or media pack) from strips of z-filter media, each strip being a fluted
sheet secured to a facing sheet. Referring to Figure 70, single facer strip 1200 is
being shown added to a stack 1201 of strips 1202 analogous to strip 1200. Strip
1200 can be cut from either of strips 176, 177, Figure 68. At 1205, Figure 70,
application of a stacking bead 1206 is shown, between each layer corresponding to a
strip 1200, 1202 at an opposite edge from the single facer bead or seal. (Stacking
can also be done with each layer being added to the bottom of the stack, as opposed

to the top.)
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[00234] Referring to Figure 71, each strip 1200, 1202 has front and rear edges
1207, 208 and opposite side edges 1209a, 1209b. Inlet and outlet flutes of the
corrugated sheet/facing sheet combination comprising each strip 1200, 1202
generally extend between the front and rear edges 1207, 1208, and parallel to side
edges 1209a, 1209b.

[00235]  Still referring to Figure 71, in the media or media pack 1201 being
formed, opposite flow faces are indicated at 1210, 1211. The selection of which one
of faces 1210, 1211 is the inlet end face and which is the outlet end face, during
filtering, 1s a matter of choice. In some instances the stacking bead 206 is positioned
adjacent the upstream or inlet face 1211; in others the opposite is true. The flow
faces 210, 211, extend between opposite side faces 1220, 1221.

[00236] The stacked media configuration or pack 1201 shown being formed in
Figure 71, is sometimes referred to herein as a "blocked" stacked media pack. The
term "blocked" in this context, is an indication that the arrangement is formed to a
rectangular block in which all faces are 90° relative to all adjoining wall faces. For
example, in some instances the stack can be created with each strip 200 being
slightly offset from alignment with an adjacent strip, to create a parallelogram or
slanted block shape, with the inlet face and outlet face parallel to one another, but
not perpendicular to upper and bottom surfaces.

[00237] In some instances, the media or media pack will be referenced as having
a parallelogram shape in any cross-section, meaning that any two opposite side faces
extend generally parallel to one another.

[00238] It is noted that a blocked, stacked arrangement corresponding to Figure
71 is described in the prior art of U.S. 5,820,646, incorporated herein by reference.
It is also noted that stacked arrangements are described in U.S. 5,772,883;
5,792,247; U.S. Provisional 60/457,255 filed March 25, 2003; and U.S.S.N.
10/731,564 filed December 8, 2003 and published as 2004/0187689 . Each of these
latter references is incorporated herein by reference. It is noted that a stacked
arrangement shown in U.S.S.N. 10/731,504, published as 2005/0130508 is a slanted
stacked arrangement.

[00239] [Itis also noted that, in some instances, more than one stack can be

incorporated into a single media pack. Also, in some instances, the stack can be
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generated with one or more flow faces that have a recess therein, for example, as

shown in US 7,625,419 incorporated herein by reference.

C. Selected Media or Media Pack Arrangements Comprising Multiple Spaced Coils
of Fluted Media: Figures 72-74

[00240] Alternate types of media arrangements or packs that involve flutes
between opposite ends extending between can be used with selected principles
according to the present disclosure. An example of such alternate media
arrangement or pack is depicted in Figures 72-74. The media of Figures 72-74 is
analogous to one depicted and described in DE 20 2008 017 059 U1; and as can
sometimes found in arrangements available under the mark “IQORON” from Mann
& Hummel.

[00241] Referring to Figure 72, the media or media pack is indicated
generally at 1250. The media or media pack 1250 comprises a first outer pleated
(ridged) media loop 1251 and a second, inner, pleated (ridged) media loop 1252,
each with pleat tips (or ridges) extending between opposite flow ends. The view of
Figure 72 is toward a media pack (flow) end 1255. The end 1255 depicted, can be
an inlet (flow) end or an outlet (flow) end, depending on selected flow direction.
For many arrangements using principles characterized having the media pack 1250
would be configured in a filter cartridge such that end 1255 is an inlet flow end.
[00242] Still referring to Figure 72, the outer pleated (ridged) media loop
1251 is configured in an oval shape, though alternatives are possible. At 1260, a
pleat end closure, for example molded in place, is depicted closing ends of the pleats
or ridges 1251 at media pack end 1255.

[00243] Pleats, or ridges 1252 (and the related pleat tips) are positioned
surrounded by and spaced from loop 1251, and thus pleated media loop 1252 is also
depicted in a somewhat oval configuration. In this instance, ends 1252e of
individual pleats or ridges 1252p in a loop 1252 are sealed closed. Also, loop 1252
surrounds the center 1252c¢ that is closed by a center strip 1253 of material, typically

molded-in-place.
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[00244] During filtering, when end 1255 is an inlet flow end, air enters gap
1265 between the two loops of media 1251, 1252. The air then flows either through
loop 1251 or loop 1252, as it moves through the media pack 250, with filtering.
[00245] In the example depicted, loop 1251 is configured slanting inwardly
toward loop 1252, in extension away from end 1255. Also spacers 1266 are shown
supporting a centering ring 1267 that surrounds an end of the loop 1252, for
structural integrity.

[002406] In Figure 73, an end 1256 of the cartridge 1250, opposite end 1255 is
viewable. Here, an interior of loop 1252 can be seen, surrounding an open gas flow
region 1270. When air is directed through cartridge 1250 in a general direction
toward end 1256 and away from end 1255, the portion of the air that passes through
loop 1252 will enter central region 1270 and exit therefrom at end 1256. Of course
air that has entered media loop 1251, Figure 72, during filtering would generally
pass around (over) an outer perimeter 1256p of end 1256.

[00247] In Figure 74 a schematic cross sectional view of cartridge 1250 is
provided. Selected identified and described features are indicated by like reference
numerals

[00248] It will be understood from a review of Figures 72-74, the above
description, that the cartridge 1250 described, is generally a cartridge which has
media tips extending in a longitudinal direction between opposite flow ends 1255,
1256.

[00249] In the arrangement of Figures 72-74, the media pack 1250 is depicted
with an oval, in particular racetrack, shaped perimeter. It is depicted in this manner,
since the air filter cartridges in many examples below also have an oval or racetrack
shaped configuration. However, the principles can be embodied in a variety of

alternate peripheral shapes.

D. Other Media Variations, Figures 75-80

[00250] Herein, in Figures 75-80, some schematic, fragmentary, cross-sectional
views are provided of still further alternate variations of media types that can be
used in selected applications of the principles characterized herein. Certain

examples are described in USSN 62/077,749, filed November 10, 2014 and owned
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by the Assignee of the present disclosure, Donaldson Company, Inc. In general,
each of the arrangements of Figures 9-12 represents a media type that can be stacked
or coiled into an arrangement that has opposite inlet and outlet flow ends (or faces),
with straight through flow.

[00251] In Figure 75, an example media arrangement 1301 from USSN
62/077,749 (2658) is depicted, in which an embossed sheet 1302 is secured to a non-
embossed sheet 1303, then stacked and coiled into a media pack, with seals along
opposite edges of the type previously described for Figure 65 herein.

[00252] In Figure 76, an alternate example media pack 1310 from USSN
62/077,749 is depicted, in which a first embossed sheet 1311 is secured to a second
embossed sheet 1312 and then formed into a stacked or coiled media pack
arrangement, having edge seals generally in accord with Figure 65 herein.

[00253] Edge seals can be conducted in either the upstream end or the
downstream end, or in some instances both. Especially when the media is likely to
encounter chemical material during filtering, it may be desirable to avoid a typical
adhesive or sealant.

[00254] In Figure 77, a cross-section is depicted in which the fluted sheet X has
various embossments on it for engagement with the facing sheet Y. Again these can
be separate, or sections of the same media sheet.

[00255] In Figure 78, a schematic depiction of such an arrangement between the
fluted sheet X and facing sheet Y is also shown.

[00256] In Figure 79, a still further variation of such a principle is shown between
a fluted sheet X and a facing sheet Y. These are meant to help understand how a
wide variety of approaches are possible.

[00257] In Figure 80, still another possible variation in fluted sheet X and facing
sheet Y is shown.

[00258] In Figures 81 and 82, an example media arrangement 6401 is depicted, in
which a fluted sheet 6402 is secured to a facing sheet 6403. The facing sheet 6403
may be a flat sheet. The media arrangement 6401 can then be stacked or coiled into
a media pack, with seals along opposite edges of the type previously described for
Figure 1 herein. In the embodiment shown, the flutes 6404 of fluted sheet 6402
have an undulating ridgeline including a series of peaks 6405 and saddles 6406. The
peaks 6405 of adjacent flutes 6404 can be either aligned as shown in Figures 81 and
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82 or offset. Further the peak height and/or density can increase, decrease, or
remain constant along the length of the flutes 6404. The ratio of the peak flute
height to saddle flute height can vary from about 1.5, typically from 1.1 to about 1.
[00259] It is noted that there is no specific requirement that the same media be
used for the fluted sheet section and the facing sheet section. A different media can
be desirable in each, to obtain different effects. For example, one may be a cellulose
media, while the other is a media containing some non-cellulose fiber. They may be
provided with different porosity or different structural characteristics, to achieve
desired results.

[00260] A variety of materials can be used. For example, the fluted sheet section
or the facing sheet section can include a cellulose material, synthetic material, or a
mixture thereof. In some embodiments, one of the fluted sheet section and the
facing sheet section includes a cellulose material and the other of the fluted sheet
section and facing sheet section includes a synthetic material.

[00261] Synthetic material(s) can include polymeric fibers, such as polyolefin,
polyamide, polyester, polyvinyl chloride, polyvinyl alcohol (of various degrees of
hydrolysis), and polyvinyl acetate fibers. Suitable synthetic fibers include, for
example, polyethylene terephthalate, polyethylene, polypropylene, nylon, and rayon
fibers. Other suitable synthetic fibers include those made from thermoplastic
polymers, cellulosic and other fibers coated with thermoplastic polymers, and multi-
component fibers in which at least one of the components includes a thermoplastic
polymer. Single and multi-component fibers can be manufactured from polyester,
polyethylene, polypropylene, and other conventional thermoplastic fibrous
materials.

[00262] The examples of Figures 75-82, are meant to indicate generally that a
variety alternate media packs can be used in accord with the principles herein.
Attention is also directed to USSN 62/077,749 incorporated herein by reference,
with respect to the general principles of construction and application of some

alternates media types.
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E. Additional Media Pack Arrangements Including Pleated Media With Flutes:

Figures 83-86

[0001] Additional examples of alternative types of media arrangements or
packs that involve filtration media having flutes extending between opposite ends or
flow faces in a straight through flow configuration are depicted in Figures 83-86.
The flutes can be considered inlet flutes when they are arranged to receive dirty air
via an inlet flow face, and they can be considered outlet flutes when they are

arranged to permit filtered air to flow out via an outlet flow face.

[0002] The filtration media 6502 depicted in Figures 83-85, which is
analogous to ones depicted in US 8,479,924 and US 9,919,256 assigned to
Mann+Hummel GmbH, is illustrated in an arrangement that shows how the filtration

media 6502 can be formed into a media pack arrangement 6504.

[0003] The media pack arrangement 6504 can be considered as having
relatively long or deep pleats from an inlet flow face 6506 to an outlet flow face
6508, and can also have varying pleat depths as illustrated. As the depth of pleats of
a media pack increases, there is a tendency of the filtration media to collapse on
each other thereby causing masking. Masking is undesirable because masked
filtration media tends to no longer be available for filtration thereby decreasing dust
holding capacity and flow through the media pack, and also potentially increasing
pressure drop across the media pack. In order to reduce masking and to help the
filtration media retain its shape, support structures are known to be applied to
pleated media. In Figures 84 and 85, support sections or spacers 6510 are provided.
It should be appreciated that Figures 84 and 85 are illustrated in a folded
configuration 6512 having pleat folds 6514, but are expanded or separated to show
how the filtration media 6502 and the support sections or spacers 6510 can be

arranged.

[0004] As illustrated in Figures 84 and 85, the filtration media 6502 extends
between a first side 6516 and a second side 6518. Although only one support
section 6510 is shown on each pleat face 6520, it should be appreciated that multiple
support sections 6510 can be arranged along each pleat face 6520 so that when the

filtration media 6502 is arranged into a media pack as illustrated in Figure 83 as
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media pack 604, the volume between each of the support sections 6510 can be
considered flutes extending between the inlet flow face 6506 and the outlet flow face
6508. The support sections 6510 can be arranged on each flow face 6520 so that
opposite support sections 6510 contact or engage each other to help maintain the
media pack shape while also limiting the amount of filtration media that would be
contacted by the support sections 6510, as illustrated in Figure 84. Furthermore, by
providing that the support sections 6510 have adhesive properties, the support
sections 6510 can be provided so that opposing support sections 6510 can adhere to

each other when the filtration media 6502 is arranged into the media pack 6504.

[0005] The support sections 6510 can be arranged in a tapered configuration
where support sections 6510 have a cross section at an interior fold 6522 and
wherein the cross section increases toward an exterior fold 6524. In this context, the
phrase “interior fold” refers to the side of the media that forms an acute angle, and
the phrase “exterior fold” refers to the side of the media that forms an obtuse angle
when the media is arranged into a media pack. Furthermore, the reference to
changing the cross section of the support sections 6510 can refer to one or both of
the height that the support section extends away from the media to which it is
adhered and also to the width along the media to which it is adhered to in a direction
toward or away from other support sections across adjacent flutes. Changing the
shape of the support sections 6510 can help maintain the shape of the media pack
and the resulting flutes, and can help reduce the amount of media that would
otherwise be contacted by the support sections 6510 if they were not arranged in a
tapered configuration. In addition, the support sections 6510 can be arranged in a
non-tapered configuration. As illustrated in Figure 85, the support sections 6510 can
be provided so that they extend over the exterior folds 6524 although it is not
necessary for the support sections 6510 to extend over the exterior folds. In
addition, it is not necessary for the support sections 6510 to extend into the interior
folds 6522, although, if desired, the support sections 6510 can be provided so that
they extend into the interior folds 6522.

[0006] The support sections 6510 can be applied to the filtration media 6502
as adhesive extruded onto the filtration media 6502 where the adhesive forms the
support sections 6510. Before the adhesive has a chance to fully cure, the filtration

media 6502 can be folded into the media pack arrangement 6504, which may or may
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not have varying pleat depths. By forming the media pack arrangement 6504 before
the adhesive has fully cured, the opposing support sections 6510 can become bonded
or adhered to each other thereby forming flutes extending between the inlet flow

face 6506 and the outlet flow face 6508.

[0007] It should be appreciated that the filtration media 6502 can be
provided with deformation, such as corrugations, extending across the media. The
direction of deformation, such as corrugation, can be parallel or perpendicular to the

pleat fold direction.

[0008] The filtration media 6602 depicted in Figure 86 is analogous to
filtration media depicted in US 2018/0207566 assigned to Champion Laboratories,
Inc., as another example of a media pack arrangement 6604 having inlet and outlet

flutes in a straight through flow arrangement.

[0009] The filtration media pack arrangement 6604 can be formed by folding
the filtration media 6602 to form an inlet flow face 6606 and an outlet flow face
6608. The pleat tips 6610 form the inlet flow face 6606, and the pleat tips 6612
form the outlet flow face 6608. Adhesive beads 6616 and 6618, which may be
continuous or discontinuous, extend along the filtration media 6602 in multiple lines
across the filtration media 6602 from a media first side 6620 to a media second side
6622. The adhesive beads 6616 and 6618 along the media first side 6620 and along
the media second side 6620 can be thickened, if desired, and can be arranged to
provide an edge seal along the media first side 6620 and the media second side
6622. By providing that the adhesive beads 6616 and 6618 adhere to each other as
the filtration media 6602 is folded, inlet flutes 6630 and outlet flutes 6632 can be
formed in the straight through media pack arrangement 6604.

[0010] A similar type of filtration media pack arrangement is commercially
available under the name Enduracube from Baldwin Filters, Inc. The filtration
media pack available under the name Enduracube from Baldwin Filters, Inc. is
arranged in a pleated configuration forming inlet flutes and outlet flutes extending

between an inlet flow face and an outlet flow face.

57



WO 2023/141473 PCT/US2023/060851

F. Still Further Media Types

[00263] Many of the techniques characterized herein will preferably be applied
when the media is oriented for filtering between opposite flow ends of the cartridge
is media having flutes or pleat tips that extend in a direction between those opposite
ends. However, alternatives are possible. The techniques characterized herein with
respect to seal arrangement definition can be applied in filter cartridges that have
opposite flow ends, with media positioned to filter fluid flow between those ends,
even when the media does not include flutes or pleat tips extending in a direction
between those ends. The media, for example, can be depth media, can be pleated in
an alternate direction, or it can be a non-pleated material.

[00264] Itis indeed the case, however, that the techniques characterized herein
are particularly advantageous for use with cartridges that are relatively deep in
extension between flow ends, usually at least 100mm, typically at least 150mm ,
often at least 200 mm, sometimes at least 250mm, and in some instances 300mm or
more, and are configured for large loading volume during use. These types of
systems will typically be ones in which the media is configured with pleat tips or
flutes extending in a direction between opposite flow ends.

[00265] Itis also noted that while the techniques described herein were typically
developed for advantageous application and arrangements involving media packs
with straight through flow configurations, the techniques can be applied to
advantage in other systems. For example, the techniques can be applied when the
cartridge comprises media surrounding a central interior, in which the cartridge has
an open end. Such arrangements can involve “forward flow” in which air to be
filtered enters the central open interior by passage through the media, and the exits
through the open end; or, with reverse flow in which air to be filtered enters the open
end and then turns and passes through the media. A variety of such arrangements
are possible, including pleated media and alternate types of media. Configurations

usable would include cylindrical and conical, among others.
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IV. Summary

[00266] The principles described herein can be applied in a variety of filter
assemblies. Examples described in which the principles applied to (air) gas filter
assemblies. Examples are described include air filters, for example, air filters used
for treating engine intake airflows. The principles can be applied to a variety of
alternate gas filtration arrangements, in some instances even with liquid filter
assemblies.

Again, the principles, techniques, and features described herein can be applied in a
variety of systems, and there is no requirement that all of the advantageous features
identified be incorporated in an assembly, system or component to obtain some
benefit according to the present disclosure. For example, the disclosed air filter
cartridges 300, 300°, 300” may be provided with the disclosed seal member without
being provided with a handle. Further, the disclosed filter cartridges 200, 200°, 200”
may be provided with a first part of a catch arrangement, for example a locating
feature, without being provided with a handle, and vice versa. Additionally, while
the seal member 330, 330’ are described in some examples as supported by about
the shell 320, 320’, the seal member 330, 330’ can be supported directly on the outer
perimeter surface of the media pack 210, 210’ itself. Further, the seal arrangements
3307, 3317 of air cleaner 100” may be used with the air cleaners 100, 100’ in
conjunction with the catch arrangement disclosed for those embodiments. Further,
the catch arrangement of any one of the air cleaners 100, 100°, 100” may be used

with any other of the air cleaners 100, 100°, 100”.
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What is claimed is:

1. A filter cartridge for an air cleaner housing comprising:
a) a media pack defining an outer perimeter extending between an inlet flow
end and an outlet flow end;
b) a shell peripherally arranged about at least a portion of the media pack
outer perimeter; and
¢) aseal member peripherally arranged about the shell, the seal member
including:
1) aradially directed first seal arrangement for forming a seal
between the filter cartridge and the air cleaner housing; and
i1) aradially directed second seal arrangement, separate from the
first radially directed seal arrangement, for forming a seal
between the filter cartridge and another filter cartridge, wherein
the first seal arrangement is located axially between the second

seal arrangement and the media pack outlet flow end.

2. The filter cartridge of claim 1, wherein the seal member further includes a
radially directed third seal arrangement for forming a seal between the filter

cartridge and the air cleaner housing.

3. The filter cartridge of claim 1 or 2, wherein the first seal arrangement is a

radially outwardly directed seal arrangement.

4. The filter cartridge of any preceding claim, wherein the second seal

arrangement is a radially outwardly directed seal arrangement.
5. The filter cartridge of claim 1, or any preceding claim, wherein at least one

of the first and second seal arrangements includes a lip seal.

6. The filter cartridge of claim 1, or any preceding claim, wherein the first seal
arrangement is located radially closer to a longitudinal axis of the media

pack in comparison to the second seal arrangement.
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10.

11.

12.

13.

The filter cartridge of claim 2, or any preceding claim, wherein the seal
member defines a trough region within which the third seal arrangement is

disposed.

An air cleaner assembly comprising:
a) a housing defining an interior volume;
b) a first filter cartridge installed within the housing interior volume;
¢) asecond filter cartridge installed within the housing interior volume at a
location downstream of the first filter cartridge, the second filter cartridge
including a seal member including:
1) aradially directed first seal arrangement forming a seal between
the second filter cartridge and the housing;
i1) aradially directed second seal arrangement forming a seal
between the second filter cartridge and the first filter cartridge,
wherein the first seal arrangement is located axially between the

second seal arrangement and the media pack outlet flow end.

The air cleaner assembly of claim 8, wherein the seal member further
includes a radially directed third seal arrangement forming a seal between the

second filter cartridge and the air cleaner housing.

The air cleaner assembly of claim 8 or 9, wherein the first seal arrangement

is a radially outwardly directed seal arrangement.

The air cleaner assembly of any of claims 8, or any other preceding claim,
wherein the second seal arrangement is a radially outwardly directed seal

arrangement.

The air cleaner assembly of any of claims 8, or any other preceding claim,
wherein at least one of the first and second seal arrangements includes a lip

seal.

The filter cartridge of claim 8, or any other preceding claim, wherein the first
seal arrangement is located radially closer to a longitudinal axis of the media

pack in comparison to the second seal arrangement.
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14.  The filter cartridge of claim 10, or any other preceding claim, wherein the
seal member defines a trough region within which the third seal arrangement

is disposed.

15. An air cleaner assembly comprising:

a) a housing defining an interior volume;

b) a first filter cartridge installed within the housing interior volume;

¢) asecond filter cartridge installed within the housing interior volume at a
location downstream of the first filter cartridge, the second filter cartridge
including a seal member including an outwardly radially directed seal
surface forming a seal with a first interior surface of the housing and
including an inwardly radially directed seal surface forming a seal with a

second interior surface of the housing.

16. The air cleaner of claim 15, wherein the seal member further includes a
second outwardly radially directed seal surface forming a seal between the

second filter cartridge and the first filter cartridge.

17. The air cleaner of claim 15 or 16, wherein the outwardly radially directed
seal surface is located axially between the media pack inlet and outlet flow

ends.

18. The air cleaner of claim 15, or any preceding claim, wherein at least a
portion of the inwardly radially directed seal surface is located axially
beyond the media pack inlet flow end, in a direction extending from the

media pack outlet flow end towards the inlet flow end.
19.  The air cleaner of claim 15, or any preceding claim, wherein one or all of the

inwardly radially directed seal surface, outwardly directed seal surface, and

the second outwardly directed seal surface includes one or more lip seals.
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20.

21.

22.

23.

24.

25.

26.

A filter cartridge for an air cleaner housing comprising:

a) a media pack having an inlet flow end and an outlet flow end,;

b) a shell peripherally arranged about at least a portion of the media pack;
and

¢) aseal member supported by the shell, the seal member including a first
seal arrangement in series with a second seal arrangement, wherein:

1) the first seal arrangement includes an outwardly radially directed
lip seal for forming a seal between the filter cartridge and a first
portion of the air cleaner housing; and

i1) the second seal arrangement includes an inwardly radially
directed lip seal for forming a seal between the filter cartridge and

a second portion of the air cleaner housing.

The filter cartridge of claim 20, wherein the seal member further includes a
third seal arrangement including an outwardly radially directed lip seal for

forming a seal between the filter cartridge and another filter cartridge.

The filter cartridge of claim 20 or 21, wherein the first seal arrangement is
located more proximate the outlet flow end relative to the second seal

arrangement.

The filter cartridge of any of claims 20-22, wherein at least a portion of the
second seal arrangement is located axially beyond the media pack inlet flow
end, in a direction extending from the media pack outlet flow end towards

the inlet flow end.

The filter cartridge of any of claims 20-23, wherein one or both of the first

and second seal arrangements include a plurality of lip seals.

The filter cartridge of any of claims 20-24, wherein the lip seals of the first
and second seal arrangements extend at an oblique angle relative to a

longitudinal axis of the filter cartridge.

The filter cartridge of any of claims 20-25, wherein the media pack includes

fluted media.
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27.

28.

29.

30.

31.

32.

The filter cartridge of any of claims 20-26, wherein the media pack includes

pleated media.

A filter cartridge for an air cleaner housing having a longitudinal axis

comprising:

a) a media pack extending along the longitudinal axis between an inlet flow
end and an outlet flow end;

b) a shell peripherally arranged about at least a portion of the media pack;
and

c) afirst part of a catch arrangement located on the shell proximate the
media pack outlet flow end, the first part being configured to pivotally
engage with a second part of the catch arrangement provided on the air
cleaner housing such that the filter cartridge can be pivoted about the
second part between a tilted position and an installed position, wherein a
longitudinal axis of the filter cartridge is oriented at a first angle when in
the installed position and oriented at a second angle, oblique to the first

angle, when in the tilted position.

The filter cartridge of claim 28, wherein the first part is integrally formed
with the shell.

The filter cartridge of claim 28 or 29, further comprising:

a) ahandle located on the shell, the handle being located proximate the
media pack inlet flow end such that a center of gravity of the filter
cartridge is located axially between the handle and the first part of the

catch arrangement.

The filter cartridge of claim 30, wherein the handle is integrally formed with
the shell.

The filter cartridge of claim 28, or any other preceding claim, further
comprising:

a) a seal arrangement.
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33.

34.

35.

36.

37.

38.

39.

40.

41.

The filter cartridge of claim 32, wherein the seal arrangement is located

proximate the inlet flow end.

The filter cartridge of claim 32 or 33, wherein the seal arrangement is an

outwardly directed radial seal member.

The filter cartridge of claim 28, or any other preceding claim, wherein, in the
tilted position, the filter cartridge is in an unsealed state relative to the air
cleaner housing, and wherein, in the installed position, the filter cartridge is

in a fully sealed state relative to the air cleaner housing.

The filter cartridge of claim 28, or any other preceding claim, wherein the
first part is located axially at least partially beyond the media pack outlet

flow end.

The filter cartridge of claim 35, wherein the first part is located axially fully
beyond the media pack outlet flow end.

The filter cartridge of claim 28, or any other preceding claim, wherein the

filter cartridge has an obround cross-sectional shape.

The filter cartridge of claim 28, or any other preceding claim, wherein the

media pack is formed from fluted media.

The filter cartridge of claim 28, wherein the first part of the catch
arrangement includes a concave shaped surface for engaging with the second

part of the catch arrangement.

The filter cartridge of claim 28, wherein the first part of the catch
arrangement includes a convex shaped surface for engaging with the second

part of the catch arrangement.
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42. An air cleaner assembly comprising:
a) a filter cartridge including:
1) amedia pack extending along a longitudinal axis between an inlet
flow end and an outlet flow end;
i1) a shell peripherally arranged about at least a portion of the media
pack; and
ii1) a first part of a catch arrangement located on the shell proximate
the media pack outlet flow end; and
b) a housing extending along a longitudinal axis between an inlet end and
an outlet end, and defining an access opening for receiving the filter
cartridge into an interior volume of the housing, the housing including a
second part of the catch arrangement;
¢) wherein, the first part of the catch arrangement is configured to pivotally
engage with the second part of the catch arrangement such that the filter
cartridge can be pivoted about the second part between a tilted position,
in which the media pack longitudinal axis is at an oblique angle to the air
cleaner longitudinal axis, and an installed position within the housing, in
which the media pack longitudinal axis is parallel to the air cleaner

longitudinal axis.

43. The air cleaner assembly of claim 42, wherein the first part is integrally

formed with the shell.

44. The air cleaner assembly of claim 42, or any other preceding claim, further
comprising:
a) a handle located on the shell, the handle being located proximate the
media pack inlet flow end such that a center of gravity of the filter
cartridge is located axially between the handle and the first part of the

catch arrangement.

45. The air cleaner assembly of claim 44, wherein the handle is integrally formed

with the shell.
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46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

The air cleaner assembly of claim 42, or any other preceding claim, further
comprising:

a) a seal arrangement peripherally arranged about the shell.

The air cleaner assembly of claim 46, wherein the seal arrangement is

located proximate the media pack inlet flow end.

The air cleaner assembly of claim 46 or 47, wherein the seal arrangement is

an outwardly directed radial seal member.

The air cleaner assembly of claim 42, or any other preceding claim, wherein,
in the tilted position, the filter cartridge is in an unsealed state relative to the
air cleaner housing, and wherein, in the installed position, the filter cartridge

is in a fully sealed state relative to the air cleaner housing.

The air cleaner assembly of claim 42, or any other preceding claim, wherein
the first part is located axially at least partially beyond the media pack outlet

flow end.

The air cleaner assembly of claim 50, wherein the first part is located axially

fully beyond the media pack outlet flow end.

The air cleaner assembly of claim 42, or any other preceding claim, wherein

the filter cartridge has an obround cross-sectional shape.

The air cleaner assembly of claim 42, or any other preceding claim, wherein

the media pack is formed from fluted media.

The filter cartridge of claim 42, wherein the first part of the catch
arrangement includes a concave shaped surface for engaging with the second

part of the catch arrangement.

The filter cartridge of claim 42, wherein the first part of the catch
arrangement includes a convex shaped surface for engaging with the second

part of the catch arrangement.
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56.

57.

58.

59.

60.

A filter cartridge for an air cleaner housing comprising:
a) a media pack defining an outer perimeter extending between an inlet flow
end and an outlet flow end;
b) a shell peripherally arranged about at least a portion of the media pack
outer perimeter; and
c) aseal member peripherally arranged about at least a portion of the shell,
the seal member including:
1)an outwardly radially directed seal surface for forming a seal with
a first interior surface of the housing; and
i1) an inwardly radially directed seal surface for forming a seal
with a second interior surface of the housing, the inwardly
radially directed seal surface being in series with the outwardly

radially directed seal surface.

The filter cartridge of claim 56, wherein the seal member further includes a
second outwardly radially directed seal surface for forming a seal between

the filter cartridge and another filter cartridge.

The filter cartridge of claim 56 or 57, wherein the outwardly radially directed
seal surface is located axially between the media pack inlet and outlet flow

ends.

The filter cartridge of claim 56, or any other preceding claim, wherein at
least a portion of the inwardly radially directed seal surface is located axially
beyond the media pack inlet flow end, in a direction extending from the

media pack outlet flow end towards the inlet flow end.

The filter cartridge of claim 56, or any other preceding claim, wherein one or
all of the inwardly radially directed seal surface, outwardly directed seal
surface, and the second outwardly directed seal surface includes one or more

lip seals.
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claims.

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

3. 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. E 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.:

1-7

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
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)) (April 2005)
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-7

A filter cartridge for an air cleaner housing comprising:a)
a media pack defining an outer perimeter extending between
an inlet flow end and an outlet flow end;b) a shell
peripherally arranged about at least a portion of the media
pack outer perimeter; andc) a seal member peripherally
arranged about the shell, the seal member including:i) a
radially directed first seal arrangement for forming a seal
between the filter cartridge and the air cleaner housing;
andii) a radially directed second seal arrangement, separate
from the first radially directed seal arrangement, for
forming a seal between the filter cartridge and another
filter cartridge, wherein the first seal arrangement is
located axially between the second seal arrangement and the
media pack outlet flow end.

2. claims: 8-14

An air cleaner assembly comprising:a) a housing defining an
interior volume;b) a first filter cartridge installed within
the housing interior volume;c) a second filter cartridge
installed within the housing interior volume at a location
downstream of the first filter cartridge, the second filter
cartridge including a seal member including:i) a radially
directed first seal arrangement forming a seal between the
second filter cartridge and the housing;ii) a radially
directed second seal arrangement forming a seal between the
second filter cartridge and the first filter cartridge,
wherein the first seal arrangement is located axially
between the second seal arrangement and the media pack
outlet flow end.

3. claims: 15-19

An air cleaner assembly comprising: a) a housing defining an
interior volume;b) a first filter cartridge installed within
the housing interior volume;c) a second filter cartridge
installed within the housing interior volume at a location
downstream of the first filter cartridge, the second filter
cartridge including a seal member including an outwardly
radially directed seal surface forming a seal with a first
interior surface of the housing and including an inwardly
radially directed seal surface forming a seal with a second
interior surface of the housing.

4. claims: 20-27, 56-60

A filter cartridge for an air cleaner housing comprising:a)
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a media pack having an inlet flow end and an outlet flow
end;b) a shell peripherally arranged about at least a
portion of the media pack; andc) a seal member supported by
the shell, the seal member including a first seal
arrangement in series with a second seal arrangement,
wherein:i) the first seal arrangement includes an outwardly
radially directed lip seal for forming a seal between the
filter cartridge and a first portion of the air cleaner
housing; andii) the second seal arrangement includes an
inwardly radially directed lip seal for forming a seal
between the filter cartridge and a second portion of the air
cleaner housing.

5. claims: 28-55

A filter cartridge for an air cleaner housing having a
longitudinal axis comprising:a) a media pack extending along
the longitudinal axis between an inlet flow end and an
outlet flow end;b) a shell peripherally arranged about at
least a portion of the media pack; andc) a first part of a
catch arrangement located on the shell proximate the media
pack outlet flow end, the first part being configured to
pivotally engage with a second part of the catch arrangement
provided on the air cleaner housing such that the filter
cartridge can be pivoted about the second part between a
tilted position and an installed position, wherein a
longitudinal axis of the filter cartridge is oriented at a
first angle when in the installed position and oriented at a
second angle, oblique to the first angle, when in the tilted
position.
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