wo 20107135013 A2 I 10KV O 0

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

(10) International Publication Number

WO 2010/135013 A2

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
25 November 2010 (25.11.2010) PCT
(51) International Patent Classification:
BO1D 27/08 (2006.01) FO2M 37/22 (2006.01)
BO1D 35/30 (2006.01) BO1D 39/00 (2006.01)
(21) International Application Number:
PCT/US2010/024983
(22) International Filing Date:
23 February 2010 (23.02.2010)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
12/470,297 21 May 2009 (21.05.2009) US
(71) Applicant (for all designated States except US): CUM-
MINS FILTRATION IP INC. [US/US]; 1400 73rd Av-
enue NE, Minneapolis, Minnesota 55432 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): ABDALLA,

Wassem [SY/FR]; 90 Rue de la Providence, F-29000
Quimper (FR). ENGLAND, Ricky [US/US];, 154
Hawthorne Road, Sparta, Tennessee 38583 (US).
RACHA, Sainath R. [IN/US]; 800 E Spring Street, Apt.
D2, Cookeville, Tennessee 38501 (US). BURGAN, Eric
R. [US/US]; 151 Stephanie Lane, Baxter, Tennessee
38544 (US). HUSBAND, Jeffrey A. [US/US]; 203 W.
Whitehall Road, Cookeville, TN 38501 (US).

(74) Agent: SCHUMANN, Michael D.; Hamre, Schumann,
Mueller & Larson, P.C., P.O. Box 2902, Minneapolis,
MN 55402 (US).

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

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

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: MULTI-STAGE FILTER CARTRIDGE WITH POLYURETHANE ENDCAPS

(57) Abstract: A filter cartridge is described that is designed to accommodate for example dual stage filtration. The filter cartridge
has an endplate structure formed of a heat cured material, such as polyurethane, where at least one of the top end and the bottom
end of the outer filter and the inner filter are embedded within the heat cured material. The heat cured material can provide an end-
plate structure that is convenient for manufacture and that has one or more sealing surfaces to seal with a housing that the filter
cartridge is assembled with. For example, the heat cured material of the endplate can seal non-filtered fluid from filtered fluid that
has passed through each of the filtration stages available in the cartridge.



20

25

30

WO 2010/135013 PCT/US2010/024983

MULTI-STAGE FILTER CARTRIDGE WITH POLYURETHANE ENDCAPS

This application is being filed as a PCT International Application in the name of
Cummins Filtration 1P Inc. and claims the benefit of priority of US Application Number
12/470297 filed May 21, 2009 and entitled “MuULT(-STAGE FILTER CARTRIDGE WITH

POLYURETHANE ENDCAPS” which is hereby incorporated by reference in its entirety.

Field
This disclosure generally pertains to the field of filtration, and more particularly to a
filter cartridge for dual stage filtration and having endplates formed of a heat cured material,

for example polyurethane.

Background

Filter cartridges are used in a number of different technologies to filter a fluid. The
use of filter cartridges to filter fluids such as air, fuel, oil and other fluids is well known.
Filter cartridges can be constructed with a single filter media, or with multiple filter media,
for example as a dual stage (e.g. filter-in-filter) filter design that uses an inner filter media
disposed inside of an outer filter media. A filter-in-filter design can provide a high particle
filtration efficiency and high fuel/water separation through a wide range of fuel interfacial
values. Such filter cartridges can include one or more filter media and endplates secured to
the filter media at opposite ends.

Improvements may be made to such known filter cartridges, such as improvements
in their assembly and seal construction for example in dual stage (e.g. filter-in-filter) filter

applications.

Summary
Generally, a filter cartridge is described that is designed to accommodate for example
dual stage filtration, where the filter cartridge has an endplate structure formed of a heat
cured material, such as polyurethane. The heat cured material can provide an endplate
structure that is convenient for manufacture and that has one or more sealing surfaces to seal
with a housing that the filter cartridge is assembled with. For example, the heat cured
material of the endplate structure can seal non-filtered fluid from filtered fluid that has passed

through each of the filtration stages available in the cartridge.
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In one embodiment, a filter cartridge is provided that comprises an outer filter that
inciudes a first filter media and has a central axis. An inner filter having a second filter
media is arranged within the central axis of the outer filter, such that there is a space between
an inner diameter of the outer filter and an outer diameter of the inner filter. The inner filter
has an inner diameter with an opening adapted for inserting a filter housing standpipe therein.
The outer filter and the inner filter have a first endplate structure on a top end of each of the
outer filter and the inner filter, and have a second endplate structure on a bottom end of each
of the outer filter and the inner filter. The second endplate structure has an opening in fluid
communication with the space between the outer filter and the inner filter, and has an opening
in fluid communication with the opening of the inner filter. At least one of the first endplate
structure and the second endplate structure is a heat cured material formed onto the outer
filter and the inner filter, such that at least one of the top end and the bottom end of the outer
filter and the inner filter are embedded within the heat cured material.

In one embodiment, a method for forming an endplate structure for a filter cartridge
comprises pouring a heat curing material into a mold. An end of an outer filter and an inner
filter are embedded into the heat curing material by placing the end of the outer filter and the
inner filter into the heat curing material, such that the inner filter is arranged within a central
axis of the outer filter, such that there is a space between an inner diameter of the oulter filter
and an outer diameter of the inner filter, and such that the inner filter having an opening
adapted for inserting a filter housing standpipe therein. The heat curing material with the
outer filter and inner filter are then cured to form the endplate structure, where at least one of

a top end and a bottom end of the outer filter and the inner filter is embedded therein.

Brief Description of the Drawings

Fig. 1 is a sectional view of a filter cartridge according to one embodiment and
installed in a filter housing.

Fig. 2 is a perspective view of the filter cartridge removed from the filter housing.

Fig. 3 is a sectional view of the filter cartridge showing inner and outer filters.

Fig. 4 is a top perspective view of the filter cartridge.

Fig. 5 is a bottom perspective of another embodiment of a filter cartridge.

Fig. 6 is sectional perspective view of the filter cartridge of Fig. 5.

Fig. 7A 1s one embodiment of a seal configuration for sealing an endplate of an inner

filter with a standpipe of a housing.
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Fig. 7B is another embodiment of a seal configuration for sealing an endplate of an
iner filter with a standpipe of a housing.

Fig. 7C is another embodiment of a seal configuration for sealing an endplate of an
inner filter with a standpipe of a housing.

Fig. 7D is yet another embodiment of a seal configuration for sealing an endplate of

an inner filter with a standpipe of a housing.

Detailed Deseription

With reference to Figs. 1-4, a filter cartridge 10 according to one embodiment is
illustrated. The filter cartridge 10 is designed to be installed in a filter housing 100 for
filtering a liquid, for example diesel fuel, and removing water from the liquid. This
description hereinafter describes the liquid as fuel. However, it is to be realized that the
concepts described herein can be used for other liquids. In appropriate circumstances, the
concepts described herein also can be used to remove contaminants other than water from the
liquid. And, in appropriate circumstances, the concepts described herein can be used on filter
cartridges that filter other types of fluids, for example air, oil and other fluids that can benefit
from a filtration system. This description also describes the filter cartridge as a filter-in-filter
design with first and second filter media. However, it is to be appreciated that the concepts
herein can be used for any multistage filtration that may have more than two filter media or,
in appropriate circumstances, single media filtration.

As shown in Figs. 1-4, the filter cartridge 10 is of filter-in-filter construction including
an outer filter 12 and an inner filter 14 concentrically arranged. In the embodiment shown,
the cartridge 10 is designed for outside-in flow, with fuel entering the cartridge 10 from the
outside and flows inwardly to the inside of the cartridge 10.

The outer filter 12 includes a first generally circular filter media 16 disposed around a
central axis. The inner filter 14 includes a second generally circular filter media 18 with an
inner diameter defining a generally open area. The filter media 16 and 18 may be composed
of various materials and configurations as known in the art. For example, the filter media 16,
18 may be configured as a pleated structure, a chevron pleated structure, or as depth media
and be made of paper-like or other fibrous material as known in art. It also will be
appreciated that the outer filter 12 and the inner filter 14 may be constructed with center tubes
such as known in the art to provide additional stability for the filters 12, 14,

As shown, the inner filter 14 is arranged within the central axis of the outer filter 12,

such that there is a space 40 between an inner diameter of the outer filter 12 and an outer
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diameter of the inner filter 14, The generally open area of the inner filter 14 is receivable of a
filter housing standpipe 104.

With further reference to the filter cartridge 10, the cuter filter 12 and the inner filter
14 have a first endplate structure 20 on a top end of each of the outer filter 12 and the inner
filter 14. The outer filter 12 and the inner filter 14 also have a second endplate structure 22,
24 on a bottom end of each of the outer filter 12 and the inner filter 14. As shown, the second
endplate structure 22, 24 has an opening in fluid communication with the space 40 between
the outer filter 12 and the inner filter 14, and has an opening 42 in fluid communication with
the open area of the inner filter. The opening 42 as illustrated is generally circular in shape
for fitting around a generally circular standpipe. However, the opening 42 could have other
shapes as well for example oval, so as to fit around for example an oval standpipe.

At least one of the first endplate structure 20 and the second endplate structure 22, 2
is a heat cured material formed onio the ouier filter 12 and the inner filter 14, such that at
least one of the top end and the bottom end of the outer filter and the inner filter are
embedded within the heat cured material. As some examples only, the heat cured material is
polyurethane but may be other materials such as, but not limited to, an epoxy, a plastisol,
other potted compounds, or mixtures thereof. Generally, the heat cured material is such that
the resulting cured material has relative pliabtlity, which may be appropriately used as sealing
surfaces (discussed in detail below).

In the embodiment shown, both the first endplate structure 20 and the second endplate
structure 22, 24 are formed of a heat cured material. For example, the first endplate structure
20 and the second endplate structure 22, 24 are formed of polyurethane so that the top end
and the bottom end of each of the outer filter 12 and the inner filter 14 are embedded into the
polyurethane. It will be appreciated that in some embodiments only one of the first endplate
structure 20 and the second endplate structure 22, 24 is constructed of the heat cured material.

As further shown in Figs. 1-4, the first endplate structure 20 is a single endplate on the
top end of the outer filter 12 and the inner filter 14. It will be appreciated that the first
endplate structure 20 may be one endplate for the top of the outer filter 12 and another
endplate for the top of the inner filter 14.

The second endplate structure 22, 24 illustrated in Figs. 1-3 comprises one endplate
24 on the bottom of the outer filter 12 and another endplate 22 on the botiom of the inner
filter 14. It will be appreciated, however, that the second endplate structure in other
embodiments may be a single endplate on the bottom end of both the outer filter and the inner

filter (see e.g. Figs. 6 and 7 discussed in detail below).
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The endplate 24 includes an outer sealing surface 62 on an outer diameter of the outer
filter 12, and the endplate 22 includes an inner sealing surface 60 on the inner diameter of the
inner filter 14. At least one of the sealing surfaces 60, 62 is the heat cured material itself. As
shown in Fig. 1, for example, the outer sealing surface 62 seals with the inner surface of a
filter assembly housing, for example housing 100. The outer sealing surface 62 keeps
incoming fuel that has entered through the inlet 106 separated from water that has collected
in the sump 102. Further, the inner sealing surface 60 seals with the outer surface of the
standpipe 104. The inner sealing surface 60 keeps filtered fuel separated from fuel that has
yet to pass the inner filter 14, With the relative durability and relative pliability of the heat
cured material, the sealing surfaces 60, 62 can provide a suitable seal construction for the
filter cartridge to eliminate the need for separately attached, assembled seal components.

In some embodiments, the inner sealing surface 60 further comprises an overmolded
material 64 formed on the endplate 22. As shown in Figs.1-3, for example, the overmold
material 64 is on an inner diameter of the endplate 22 defining the opening 42, and partially
overlaps annular corners to the top and bottom sides. Where added sealing may be useful,
such an overmold may be employed. As one example only, a thermoplastic material may be
employed as the overmold material 64. It also will be appreciated that the endplate 24 may
include an overmold material on the outer diameter thereof,

With further reference to Figs. 1-3, the outer filter 12 and the inner filter 14 are not
the same height. For example, the bottom of the inner filter 14 is shorter than the bottom of
the outer filter 12. Generally, one of skill in the art can modify the height of the outer filter
12 and inner filter 14 as desired or necessary to accommodate various filter assembly
housings and filtration needs. [t will be appreciated that the outer filter [2 and the inner filter
14 can have substantially the same height from the top end to the bottom end. Likewise, the
bottom of the inner filter 14 can be longer than the bottom of the outer filter 12, 1t also will
be appreciated that the top end of the outer filter 12 and the inner filter 14 can have differing
heights.

In use, the filter cartridge 10 is installed into the filter housing 100 as part of a filter
assembly. As shown, the filter housing 100 is designed to receive the filter cartridge 10
therein for filtering the fluid. The filter housing 100 includes a side wall and an end wall that
define a filter cartridge space large enough to receive the filter cartridge 10 therein, with the
end wall forming a generally closed end around the standpipe 104. The housing 100 has an
open end generally opposite the end wall and that can be closed by a lid 110. The housing

100 includes an inlet opening 106 through which fuel to be filtered enters the housing 100.

(¥ 4]
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An outlet 108 extends from the end wall of the housing [00. The outlet 108 is in fluid
communication with the standpipe 104, through which fuel exits on its way to a protected
system such as the engine (not shown). It is to be realized that the housing 100 could have
other configurations than that illustrated by Fig. 1.

With further reference to the standpipe 104, the standpipe 104 is secured to the end
wall and extends upwardly into the generally open space of the housing 100 toward the open
end and the lid 110. In the illustrated embodiment, the standpipe 104 is generally hollow
from its end connected to the end wall to a tip end thereof, thereby defining an internal flow
passage. The flow passage is in communication with the outlet 108 so that fuel that enters the
standpipe 104 can flow from the standpipe 104 through the outlet 108 and to the engine. As
shown, the standpipe 104 is centered within the housing 100. In some embodiments, the
standpipe 104 may be in an off-center position.

The filter assembly illustrated in the embodiment of Fig. | also shows a flow
restriction valve 50 disposed at the tip end of the standpipe 104, It will be appreciated that
the filter cartridge concepts described herein can be used with filter assemblies that do not
use flow restriction valves. The flow restriction valve, when used, controls the flow of fuel
into the standpipe 104. Flow restriction valves are known and are used to prevent fuel flow
into a standpipe, such as when the filter cartridge is not installed or when an incorrect filter
cartridge is installed. When the filter cartridge or other appropriately designed filter cartridge
is installed, filter cartridges herein can be designed to interact with the valve in such a manner
as to keep the valve from preventing fuel flow into the standpipe. An example of a valve
operating in this manner is disclosed in U.S. Patent 6,884,349 and in U.S. Patent Application
11/937,700. In some cases, the first endplate structure (e.g. top endplate 20) includes various
activating structures to correctly open the flow restriction valve. It will be appreciated that
the top endplate herein can be modified as known in the art, so as to accommodate a flow
restriction valve if necessary.

When fuel enters the filter assembly for filtration, the fuel can include water therein in
different forms, including free water, e.g. droplets, and emuisified water. Preferably, the first
filter media 16 is designed so that free water is initially filtered when fuel enters the filter
cartridge from the outside. The first filter media 16 can filter the free water and also coalesce
the majority of the emulsified water, and separate the now coalesced water from the fuel.
Water, being heavier than fuel, settles down to the bottom of the {ilter cartridge 10, and
drains through the space 40 and opening between the bottom of the outer filter 12 and the

inner filter 14. The water is collected in collection area 102 and can be monitored by a
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water-in-fuel sensor 70. By the time the fuel interfaces with the second filter media 18, most
of the water has been separated, and the second filter media 18 performs a final filiration of
the fuel before the fuel enters the center of the filter cartridge. The filtered fuel then enters
the standpipe 104 and flows to the outlet 108, in a known manner, leading to a downstream
protected component, for example a fuel pump (not shown).

With further reference to the filter media 16, 18, the outside of the second filter media
18 generally faces the interior of the first filter media 16. For outside to inside filtration, the
inside of the second filter media 18 defines a clean or filtered fuel side of the filter cartridge
10, and the outside of the first filter media 16 defines a dirty or untiltered fuel side. In
appropriate circumstances, the concepts described herein can be applied to inside-out type
flow filter cartridges.

With reference to Figs. S and 6, another embodiment of a filter cartridge 200 is
shown. Differently from the filter cartridge 10 of Figs. 1-4, the filter cartridge 200 has a
second endplate structure 222 that is a single endplate on the bottom end of both the outer
filter 212 and the inner filter 214. Further, the outer filter 212 and the inner filter 214 are
substantially the same height from the top end to the bottom end. As shown, the filter
cartridge 200 also includes a single endplate for the first endplate structure 220 at the top of
the outer filter 212 and the outer filter 214.

in the embodiment shown by Figs. 5 and 6, the second endplate structure 222 includes
an opening 242 in communication with the open area of the inner filter 214 and drain holes
240 (e.g. for water separation) and in communication with the space between the outer filter
212 and the inner filter 214, An overmold seal 260 is disposed on an inner diameter of the
second endplate structure 222 which defines the opening 242. The overmold seal may be
similarly constructed as the overmold seal 60 in Figs. 1-4.

In some embodiments, the second endplate structure 222 is a plastic material and not
a heat cured material such as polyurethane. It will be appreciated that depending on the mold
used for the heat cured material, the second endplate structure 222 may also be a heat cured
material formed with the necessary opening structure 240, 242,

With reference to Figs. 7A-7D, different embodiments for inner sealing surfaces are
shown. For example, where the second endplate structure employs a plastic endplate (see e.g.
second endplate structure 222), rather than a heat cured material, the inner diameter defining
the opening 242 can be modified with various support structures to accommodate different

types of seal configurations.
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Fig. 7A shows a gasket seal configuration 300, such but not limited to an o-ring. The
endplate structure 222 includes an inner portion 302 proximate the inner diameter and a
support 304 extending from the endplate structure 222. A retainer 306 includes a support 312
extending in a generally parallel direction as the inner portion 302, and a flange 310
extending in a generally parallel direction as the support 304. The retainer 306 can be snap-
fitted to the endplate structure 222, for example through connection of the flange 310 and an
outer diameter of the support 304. In one embodiment, the outer diameter of the support 304
is larger than the inner diameter of the flange 310, so as to allow for the snap-fit engagement.
The inner portion 302, inner diameter of the support 304 and the support 312 form a groove
to allow an o-ring 308 to be retained therein.

Fig. 7B shows another gasket seal configuration 400, such as but not limited to an o-
ring. A retainer 406 retains the o-ring 408 on the second endplate structure 222, Differently
from Fig. 7A, the retainer 406 is disposed on top of the o-ring 408 where the endplate
structure 222 is modified with a support flange 402 extending from the inner diameter. The
support flange 402 includes a step region 404. The step region 404 and the retainer 406 form
a groove to retain the o-ring 408. As shown in the embodiment of Fig. 7B, the retainer 406
and the second endplate structure 222 are fitted at a step area 410. In some examples, the
retainer 406 is welded with heat during the embedding of the filter media onto the endplate,
or by press fitting the retainer 406 onto the endplate.

Fig. 7C shows another seal configuration 500 in the form of a wiper seal 504 on an
inner annular flange 502 of the second endplate structure 222. In the example shown, the
inner annular flange 502 extends from the inner diameter of the second endplate structure 222
and the wiper seal 504 is formed from the inner annular flange 502. The wiper seal 504 is a
relatively flexible flange that can seal the endplate to a standpipe.

Fig. 713 shows another seal configuration 600 as a modified overmold construction,
In some examples, the second endplate structure 222 includes a support 602 extending from
the inner diameter and has a step 604, An overmold material 606 can be disposed on the step
604 for example by injection molding prior to embedding of the filter media.

It will be appreciated that any of the seal configurations described may also be
suitably applied to the outer surface of the first endplate structure as one of skill in the art
could accomplish.

With reference to producing a filter cartridge with the endplate structure concepts
described herein, a method for forming such an endplate structure includes pouring a heat

curing material into a mold. The mold corresponds to an endplate structure of the filter
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cartridge. An end of an outer fiiter and an inner filter are embedded into the heat curing
material by placing the end of the outer filter and the inner filter into the heat curing material.
Placement of the outer filter and inner filter are such that the inner filter is arranged within a
central axis of the outer filter, such that there is a space between an inner diameter of the
outer filter and an outer diameter of the inner filter, and such that the inner filter having an
opening adapted for inserting a filter housing standpipe therein. The heat curing material and
the outer filter and inner filter are then cured to form the endplate structure. In accordance
with the above descriptions, at least one of a top end and a bottom end of the outer filter and
the inner filter is embedded therein.

As described, the heat curing material can be but is not limited to polyurethane.

In some examples, the mold for an endplate structure comprises one endplate for the
bottom of the outer filter and another endplate for the bottom of the inner filter (see e.g. Figs.
1-3). In other examples, the mold for an endplate structure comprises a single endplate for
the bottom of each of the outer filter and the inner filter (see e.g. Figs. 5 and 6). In yet other
examples, the mold for an endplate structure comprises a single endplate for the top of each
of the outer filter and the inner filter (se¢ e.g. Figs. 1-6).

As described, both the first and second endplate structures can be formed of the heat
cured material. In other embodiments, the method can further include pouring a heat curing
material into another mold for the other of the first or second endplate structure. The other
end of the top or bottom end of the outer filter and the inner filier is embedded into the heat
curing material. The heat curing material and the other end of the top or bottom end of the
outer filter and inner filter are then cured, where the other end of the top end or botiom end of
the outer filter and the inner filter is embedded therein.

The heat cured material of the endplate structures described herein can provide a filter
cartridge that is convenient for manufacture, for example by reducing costs of tooling and
providing a more forgiving embedding process given the nature of the heat cured material.
The heat cured material of the endplate structures herein aiso can provide one or more sealing
surfaces to seal with a housing that the filter cartridge may be assembled with.

The invention may be embodied in other forms without departing from the spirit or
novel characteristics thereof. The embodiments disclosed in this application are to be
considered in all respects as illustrative and not limitative. The scope of the invention is
indicated by the appended claims rather than by the foregeing description; and all changes
which come within the meaning and range of equivalency of the claims are intended to be

embraced therein.
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Claims

I. A filter cartridge comprising:

an outer filter that includes a first filter media, the outer filter including a central axis;

an inner filter that includes a second filter media, the inner filter is arranged within the
central axis of the outer filter, such that there is a space between an inner diameter of the
outer filter and an outer diameter of the inner filter, the inner filter having an inner diameter
with an opening adapted for inserting a standpipe of a filter housing therein;

the outer filter and the inner filter having a first endplate structure on a top end of
each of the outer filter and the inner filter;

the outer filter and the inner filter having a second endplate structure on a bottom end
of each of the outer filter and the inner filter, the second endplate structure having an opening
in fluid communication with the space between the outer filter and the inner filter and having
an opening in fluid communication with the opening of the inner filter; and

at least one of the first endplate structure and the second endplate structure is a heat
cured material formed onto the outer filter and the inner filter, such that at least one of the top
end and the bottom end of the outer filter and the inner filter are embedded within the heat

cured material.
2. The filter cartridge of claim |, wherein the heat cured material is polyurethane.

3. The filter cartridge of claim 1, wherein the first endplate structure is a single endplate

on the top end of the outer filter and the inner filter.

4. The filter cartridge of claim 1, wherein second endplate structure is a single endplate

on the bottom end of the outer filter and the inner filter.

5. The filter cartridge of claim 1, wherein the second endplate structure comprises one
endplate on the bottom end of the outer filter and anocther endplate on the bottom end of the

inner filier.

6. The filter cartridge of claim 1, the second endplate structure comprising an outer
sealing surface on an outer diameter of the outer filter and an inner sealing surface on the
inner diameter of the inner fiiter, at least one of the sealing surfaces being the heat cured

material,
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7. The filter cartridge of claim 6, wherein the inner sealing surface further comprises an

overmolded material formed on the second endplate structure.

8. The filter cartridge of claim 1, wherein the outer filter and the inner filter have

substantially the same height from the top end to the bottom end.

9. The filter cartridge of claim 1, wherein the bottom end of the inner filter is shorter

than the bottom end of the outer filter.

10, A method for forming an endplate structure of a filter cartridge comprising:

pouring a heat curing material into a mold for an endplate structure of a filter
cartridge;

embedding an end of an outer filter and an inner filter by placing the end of the outer
filter and the inner filter into the heat curing material, such that the inner filter is arranged
within a central axis of the outer filter, such that there is a space between an inner diameter of
the outer filter and an outer diameter of the inner filter, and such that the inner filter having
an opening adapted for inserting a standpipe of a filter housing therein; and

curing the heat curing material with the outer filter and inner filter to form the
endplate structure, where at least one of a top end and a bottom end of the outer filter and the

inner filter is embedded therein,

1B The method of claim 10, wherein the heat curing material is polyurethane.

12. The method of claim 10, wherein the mold for an endplate structure comprises one
endplate for the bottom of the outer filter and another endplate for the bottom of the inner

filter.

13. The method of claim 10, wherein the mold for an endplate structure comprises a

single endplate for the bottom of each of the outer fiiter and the inner filter.

14, The method of claim 10, wherein the mold for an endplate structure comprises a

single endplate for the top of each of the outer filter and the inner filter.
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is. The method of claim 10, further comprising pouring a heat curing material into
another mold for an endplate structure, embedding the other end of the top or bottom end of
the outer filter and the inner filter into the heat curing material, and curing the heat curing
material and the other of the top or bottom end of the outer filter and inner filter, where the

other end of the top end or bottom end of the outer filter and the inner filter is embedded

therein.
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