wo 2012/016143 A2 I 10K 000 RO

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

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
2 February 2012 (02.02.2012)

2P0

(10) International Publication Number

WO 2012/016143 A2

(51) International Patent Classification:
FO2M 37/22 (2006.01) BO1D 35/30 (2006.01)

BO1D 27/08 (2006.01)

(21) International Application Number:

PCT/US2011/045891

(22) International Filing Date:

29 July 2011 (29.07.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/369,488
13/193,943

30 July 2010 (30.07.2010) US
29 July 2011 (29.07.2011) US

Applicant (for all designated States except US): CUM-
MINS FILTRATION IP, INC. [US/US]; 1400 - 73rd
Avenue Ne, Minneapolis, MN 55432 (US).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): ABDALLA,
Wassem [US/US]; 1090 Sugartree Pointe, Cookeville,
TN 38501 (US). BURGAN, Eric, R. [US/US]; 151
Stephanie Lane, Baxter, TN 38544 (US). MALGORN,
Gerard [FR/FR]; 7 Alez Ar Waremm, F-29000 Quimper
(FR).

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

74

(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, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, 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, RS, 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: NO FILTER NO RUN FILTER ASSEMBLY WITH AIR VENT

(57) Abstract: A filter cartridge includes a filter media defining an interior space, and having a first end and a second end, a first
end plate connected to the first end, and a second end plate connected to the second end. A pin is connected to the second end
plate and extends downwardly into the interior space. The pin defines a flow passage threrethrough that communicates the interior
space with an outside of the filter cartridge.



10

15

20

25

WO 2012/016143 PCT/US2011/045891

NO FILTER NO RUN FILTER ASSEMBLY WITH AIR VENT

This application claims the benefit of U.S. Provisional Application No. 61/369488, filed
on July 30, 2010, and entitled NO FILTER NO RUN FILTER ASSEMBLY WITH AIR VENT,

which is herewith incorporated by reference in its entirety.

FIELD

This disclosure generally pertains to the field of filtration, and more particularly to a fuel

filter assembly including an air vent that facilitates removing air from the fuel system.

BACKGROUND

Fuel filtration systems are known that are designed to prevent flow of fuel to an engine

if no filter cartridge is installed or if the incorrect filter cartridge is installed. In these “no filter,
no run” systems, not only must a filter be present, but the correct filter must be used, in order to

allow fuel to flow to the engine,

SUMMARY

A “no filter, no run” filtration system that is designed to verify that a filter cartridge is
present to safe-guard against damage to fuel injectors, associated fuel components, etc. engine
malfunctions and consequently exhaust gas emission issues. Fuel flow to the engine is prevented
altogether or permitted in an amount insufficient to allow engine operation if a filter cartridge is
not installed, and an appropriately designed filter cartridge is required to be used in order to
permit sufficient fuel flow for engine operation.

In one embodiment, a filter cartridge includes a filter media defining an interior space,
and having a first end and a second end, a first end plate connected to the first end, a second end
plate connected to the second end, and a center tube connected to the second end plate. A pinis

connected to the center tube or the top end plate and extending downwardly into the interior
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space. The pin defines a flow passage threrethrough that communicates the interior space with
an outside of the filter cartridge.

In another embodiment, a valve assembly for attachment to a fuel filter housing for
controlling fuel flow through the fuel filter housing includes a valve body adapted for attachment
to the fuel filter housing, where the valve body includes a first opening adapted to allow air to
pass through and a second opening adapted to allow fuel to pass through. The first opening has
an upper end and a lower end. The valve assembly also includes a valve ball sized to close the
second opening.

In a further embodiment, a combination includes a filter housing having a housing body
with a side wall and an end wall defining a filter cartridge space, and a standpipe extending from
the end wall along a longitudinal axis into the filter cartridge space. The standpipe includes an
air flow passage, and at least one opening in the standpipe that places the air flow passage in
communication with the filter cartridge space. The standpipe is configured for disposition within
the filter cartridge space. The cartridge includes a filter media suitable for filtering a fluid, a first
end plate connected to a first end of the filter media, and a second end plate connected to a
second end of the filter media. The first end plate or a center tube connected to the first end plate
may include a pin having an opening therethrough that cooperates with the opening in the
standpipe to allow air to travel from the cartridge space to the air flow passage. A restrictive
passage may be included between the center tube and the second end plate to allow air to pass

through.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a filter assembly that includes an embodiment of a

filter cartridge in a filter housing,

Fig. 2 is an enlarged view showing a top portion of the filter assembly of Fig. 1.

Fig. 3 is a cross-sectional view of the filter assembly of Fig. 1 with the valve assembly

not being actuated.

Fig. 4 is an exploded isometric view of another embodiment of the filter cartridge.

2
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Fig. 5 is a side view of the filter cartridge of Fig. 4.

Fig. 6 is a cross-sectional view of the filter cartridge of Fig. 5 along line 6-6.
Fig. 7 is a cross-sectional view of the filter assembly of Fig. 1 along line 7-7.
Fig. 8A is a perspective view of a valve body.

Fig. 8B is a front view of the valve body.

Fig. 8C is a side view of the valve body.

Fig. 8D is a cross-sectional view of the valve body of Fig. 8C along line 8D-8D.

DETAILED DESCRIPTION

Fig. 1 illustrates a filter assembly 10, for example a fuel filter assembly, which is
intended to filter a fluid, for example diesel fuel, and remove water from the fluid before the
fluid reaches a protected system, for example a fuel injection pump and fuel injectors. This
description will hereinafter describe the fluid as fuel. However, it is to be realized that the
concepts described herein can be used for other fluids. In addition, in appropriate circumstances,
the concepts described herein can be used to remove contaminants other than water from the
fluid. And, in appropriate circumstances, one or more of the concepts described herein can be
applied to other types of filter assemblies that filter other types of fluids, for example lubrication,
hydraulic and other liquids.

The assembly 10 includes a filter housing 12 that is designed to receive a filter cartridge
14 therein for filtering the fluid. The filter housing 12 includes a housing body that has a side
wall 16 and an end wall 18. The side wall 16 and the end wall 18 define a filter cartridge space
20 that is large enough to receive the filter cartridge 14 therein, with the end wall 18 forming a
closed end of the space 20. The housing body has an open end generally opposite the end wall
18. The housing body includes an inlet opening (not shown), through which fuel to be filtered
enters the space 20, a clean fuel outlet 26 near the end wall 18, through which fuel exits on its
way to the engine and an air outlet 28 also near the end wall 18 through which air, in the filter
housing, returns to a fuel tank. It is to be realized that the filter housing 12 could have other

configurations than that described herein.
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The housing body also includes internal threads 98 formed at the upper end of the side
wall 16. When the filter assembly is in use, a lid including external threads can be screwed onto
the housing body by engaging the external threads of the lid with the internal threads 98.

With reference to Figs. 2 and 3, a fluid passageway member in the form of a standpipe 30
is secured to the end wall 18 and extends upwardly into the space 20 toward the open end of the
filter housing 12. The standpipe 30 includes a generally cylindrical body having a side wall 42
extending from its bottom end 32 adjacent the end wall 18 to a tip end 34 thereof. The side wall
42 encloses a space that is divided into an air flow passage 36 and a clean fuel flow passage 38
by a divider. In the illustrated embodiment, the divider is illustrated as being a cylindrical wall
40 tangent to the side wall of the standpipe, sharing a common portion of side wall with the
standpipe. The cylindrical wall 40 has a smaller diameter than the side wall 42, where a
longitudinal axis A-A’ of the cylindrical body is off-center of the standpipe 30. In some
embodiments, the cylindrical wall 40 can be concentric with the standpipe 30. The air flow
passage 36 is in communication with the air outlet 28 so that the air that enters the standpipe 30
can flow from the standpipe and into the air outlet 28 to exit the fuel assembly and be directed
back to the fuel tank. The clean fuel flow passage 38 is in communication with the clean fuel
outlet 26 so that the clean fuel that enters the standpipe 30 can flow from the standpipe and into
the clean fuel outlet 26 to the engine,

As illustrated in Figs. 1-3, the standpipe 30 further includes a generally horizontal upper
seat 92 and a generally horizontal lower seat 94 each having a support member 140, 142
extending upwardly along an outer perimeter of the seat 92, 94. The support members 140, 142
form a part of the side wall 42 of the standpipe body. As shown in Figs. 1-3, each seat 92, 94 has
a partial circular carved out portion to allow a respective fluid, e.g., air, clean fuel, etc. to pass
through. The standpipe 30 is formed of a suitable material, for example plastic.

With reference to Figs. 1-3, the standpipe 30 is illustrated as being circular-shaped from
the bottom end 32 to the tip end 34. While this disclosure will describe the standpipe as being
circular-shaped, it is to be realized that the concepts described herein could be used, individually
or in various combinations, with an oval-shaped standpipe and with standpipes having other

shapes.
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With reference to Figs. 1-3, the filter cartridge 14 includes a ring of filter media 64, an
upper end plate 66 secured to an upper end of the media 64, a lower end plate 68 secured to a
bottom end of the media 64, a center tube 70 and a strainer 24 disposed between the center tube
70 and the standpipe 30. The end plates 66, 68 are formed of a suitable material, for example
plastic. Alternatively, the filter cartridge 14 can be a filter-in-filter type with an inner filter and
an outer filter.

Fuel can include water therein in different forms, including free water, e.g. droplets, and
emulsified water. In one embodiment, the filter media 64 strips out free water and filters
particles from the fuel before the fuel enters the center of the filter cartridge. Water, being
heavier than fuel, settles down to the bottom of the filter cartridge 14, and drains through
openings to a water collection area at the base of the housing 12. The filtered fuel enters the
standpipe 30 and flows to the outlet 26, leading to a downstream protected component, for
example a fuel pump.

The outside of the filter media 64 generally faces inner surface of the housing 12, with
the inner side of the media 64 defining a clean or filtered fuel side of the filter cartridge 14 and
the outside of the media 64 defining a dirty or unfiltered fuel side, whereby the filter cartridge is
configured for outside-in flow. In appropriate circumstances, the concepts described herein can
be applied to inside-out type flow filter cartridges.

The upper end plate 66, as illustrated in Figs. 1-6, includes a generally circular, horizontal
plate 80 for closing a top of a cavity 56 defined by the center tube 70. A skirt 118 extends
downward from the plate 80 and defines a hollowed-out area that receives the upper end of the
center tube 70 as shown in Figs. 1-3. The edge of the plate 80 extends past the side wall of the
skirt 118 and turns downwardly to form a flange 82. With reference to Fig. 6, the inner side 148
of the end of the flange 82 is illustrated as angling slightly outwardly. A plurality of air vent
holes 60 are defined in the circular plate 80 between the skirt 118 and the flange 82 allowing air
in the fuel system to enter the inner side of the filter media 64 (see arrows in Figs. 1 and 2). In
the example illustrated in Figs. 1-6, four air vent holes 60 are formed in the circular plate 80. It
is to be understood that other numbers of air vent holes can be used to allow air in the fuel

system to pass through and enter the inner side of the filter media 64.
5
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With reference to Figs. 1-6, the upper end plate 66 also includes a generally ring shaped,
horizontal plate 84, with the bottom surface thereof suitably attached to the upper end of the
filter media 64, for example using an adhesive or using heat to embed the media 64 into the ring
shaped plate 84. With reference to Fig. 4, a plurality of spaced tabs 122 project upwardly from
an upper surface of the ring shaped plate 84. The tabs 122 have a generally constant width from
their point of attachment to the ring shaped plate 84 to tip ends thereof. A gap 124 is provided
between each tab 122. Each tab 122 includes a lip 126 extending outwardly by which the lid of
the filter assembly 10 can engage with the upper end plate 66 via, e.g., a snap fit connection. A
rib 128 extends between the inner surface of each tab 122 and an outer surface of the flange 82.

In the embodiment as illustrated in Figs. 1-6, the circular plate 80, the ring shaped plate
84, the plurality of tabs 122 and the flange 82 are concentric. It is to be understood that other
configurations and arrangements of the upper end plate 66 may be implemented.

The lower end plate 68 of the filter cartridge 14 is illustrated in Figs. 1, 3-4 and 6. The
end plate 68 includes a generally ring shaped, horizontal plate 130 which is suitably attached to
the bottom end of the filter media 64, for example using an adhesive or using heat to embed the
media into the plate 130. A standpipe hole 132 is formed at the center of the plate 130 which is
configured to allow passage of the standpipe 30. In the illustrated embodiment, the hole 132 has
a shape similar to the shape of the standpipe 30, for example circular. However, if the standpipe
has a different shape, for example oval, then the hole 132 can have a shape, for example oval,
similar to the shape of the standpipe.

The center tube 70 is disposed within the ring of filter media 64 to provide additional
support for the filter media 64. With reference to Fig. 6, in the illustrated example, the center
tube 70 has a tube body 44 defining a space 90, an upper end 46 secured to the upper end plate
66 and a lower end 48 secured to lower end plate 68. The tube body 44 includes a plurality of
vertical ribs 152 extending from the upper end 46 to the lower end 48. Spiral shaped ribs 150
extend between the vertical ribs and form a plurality of openings allowing the fuel filtered by the
filter media 64 to enter the space 90. At the portion 154 adjacent to the upper end 46, the vertical
ribs 152 and the spiral shaped ribs 150 angle slightly inwardly to cooperate with the lower end of
the flange 82 of the upper end plate 66.
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The upper end 46 includes an inner short wall 52 and an outer short wall 54 both
projecting upwardly, with the inner and outer short walls being concentric with each other. The
inner short wall 52 defines the cavity 56 and is secured into the skirt 118 of the upper end plate
66 by press fit, with the circulate plate 80 of the upper end plate 66 positioned to close the top of
the cavity 56. A dented section 58 is formed on the outer surface of the inner short wall 52 along
a longitudinal axis of the inner short wall 52 and extends longitudinally through the entire press
fit interface. The dented section 58 allows air entering through the air vent holes 60 to pass
through and enter the cavity 56 (see arrows in Figs. 1 and 2).

The upper edge of the outer short wall 54 extends outwardly to form a slot 96 around the
outer perimeter of the outer short wall 54. The slot 96 receives an O-ring seal 144 that is
designed to seal with an inner surface of the flange 82 of the upper end plate 66 to form a fluid
tight sealing. The O-ring seal 144 works with the press fit connection between the skirt 118 and
the inner short wall 52 to help to retain the center tube 70 to the upper end plate 66. In the
example illustrated in Fig. 6, the center tube 70 cooperates with the filter media 64 in a
concentric configuration.

In one embodiment as shown in Figs. 1-3, an end wall 72 is formed at the lower end of
the short wall 52. In an alternative embodiment in Figs. 4-6, an annular wall 62 extends
downward and angles slightly inwardly from the upper end 46 of the center tube 70 toward and
into the space 90. At its lower edge, the annular wall 62 extends radially inward and forms a
generally horizontal end wall 72. The annual wall 62 and the end wall 72 defines a space 160
that is in fluid communication with the cavity 56 defined by the inner short wall 52, with a
diameter of an upper end of the annual wall 62 being slightly smaller than the diameter of the
lower end of the inner short wall 52.

A pin 114 projects downwardly from the center of the end wall 72. The pin 114 includes
a base portion 76 extending downwardly from the center of the end wall 72 and a main body 78
extending further down from the lower edge of the base portion 76, where the side of the base
portion 76 has a slope relative to a horizontal plane that is smaller than the side of the main body

78.
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An opening 74 is formed at the center of the end wall 72 and extends through the entire
length of the pin 114. The opening 74 includes an upper section 86 defined in the base portion
76 and a lower section 88 defined in the main body 78, where the side wall of the upper section
86 has a slope relative to a horizontal plane that is smaller than the side wall of the lower
opening 88. The opening 74 has an upper mouth defined at the upper surface of the end wall 72
and a lower mouth defined at a free end of the pin 114. The upper mouth has a greater diameter
than the lower mouth. The opening 74 in the pin 114 communicates with the cavity 56 to allow
air to flow through the pin 114. The pin 114 is designed to interact with a valve assembly 50 in a
manner to be described below. |

The strainer 24 is disposed within the center tube 70 to further strip out free water and
remove particles from the filtered fuel. It is to be understood that the strainer could also be sued
to remove other unwanted foreign matter depending on usage. With reference to Figs. 1-3 and 5-
6, the strainer 24 is illustrated as being retained to the center tube 70 by engaging a protrusion
156 formed around the outer perimeter of the strainer 24 with a groove 158 formed on the center
tube 70.

A flow restriction valve assembly 50 is disposed at the tip end 34 of the standpipe 30 to
control the flow of fuel into the standpipe 30 and to provide an air passage leading to the outside
of the filter assembly 10. The valve assembly 50 can prevent fuel flow into the standpipe when
the filter cartridge 14 is not installed or when an incorrect filter cartridge is installed. In some
embodiments described herein, when the filter cartridge 14 or other appropriately designed filter
cartridge is installed, the filter cartridge 14 is designed to interact with the valve assembly 50 in
such a manner as to keep the valve assembly 50 from preventing fuel flow into the standpipe 30
and at the same time allowing air in the fuel system to flow through the air flow passage 36 and
exit to the outside of the fuel assembly 10 (see arrows in Figs. 1 and 2).

The tip end 34 of the standpipe 30 is open, and the valve assembly 50 is secured in the
open tip end and rests on the upper and lower seats 94 and 92 of the standpipe, as shown in Figs.
1-3. With reference to Figs. 2 and 8A-D, the valve assembly S0 includes a valve body 170, a
valve cap 172, and a valve ball 174. The valve body 170 includes a portion that is configured to

fit within the end 34 of the standpipe 30. In the case of the circular-shaped standpipe, the portion
8
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of the valve body 170 within the standpipe will be generally circular-shaped to fit closely within
the standpipe. An example of a valve body, a valve cap and a valve ball is disclosed in U.S.
Patent No. 7,867,387, which is herein incorporated by reference in its entirety.

With reference to Figs. 8 A-D, the valve body 170 has a gasket portion 106 including an
upper surface 128 and a lower surface 134, an upper portion 102 projecting upwardly from the
upper surface 128 and a lower portion 104 projecting downwardly from the lower surface 134,
The gasket portion 106 includes a generally cylindrical shaped body 120 for preventing fluid
from migrating through the joints of the housing and the valve body 170. The gasket portion 106
has a central axis B-B’. The lower portion 104 is generally cylindrical shaped and is tangent to
the perimeter of the gasket portion 106 at a tangent point 108 as shown in Figs. 8A-B. The upper
portion 104 is positioned opposite to the lower portion 102 across a diameter of the gasket
portion 106,

The valve body 170 is made of a suitable resilient material having a predetermined
resistance, for example, rubber, so that an effective sealing is obtained at a sealing face and in the
meantime, the valve body is not easily deformed.

The upper portion 102 includes a curved side 110 extending upwardly from the outer
perimeter of the gasket portion 106 at a section opposite to the tangent point 108, where the
curved side 110 has the same radius as and shares a common perimeter with the gasket portion
106. On the opposite of the curved side 110, a slanted side 194 extends upwardly from the upper
surface 128 of the gasket portion 106. The upper portion 102 also includes two parallel sides
112 extending upwardly from the upper surface 128 of the gasket portion 106 and positioned
symmetrically to the axis B-B’, and a top surface 196 positioned parallel to the upper surface 128
of the gasket portion 106.

A circular upper fuel opening 204 is defined in the slanted side 194 and extends toward
the curved side 110 with a central axis C-C’ perpendicular to the slanted side 194, The lower
perimeter of the opening 204 on the slanted side 194 is tangent to a bottom edge of the side 194,
The ball 174 is configured to block the opening 204 to prevent fuel flow into the standpipe. A
rim 136 is formed around the entrance of the opening 204 to restrict the ball 174 from

inappropriately blocking the opening 204. The wall 194 is disposed at an acute angle 3, for
9
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example about 85 degrees, relative to the upper surface 128 of the gasket portion 106. Angling
of the wall 194 in this manner minimizes the chances of the ball 174 getting stuck in position
blocking the opening 204.

The upper portion 102 may further include a ball track to allow the ball 174 to roll along
therein, Further information on the construction of the upper portion of the valve body,
including the ball track, can be found in U.S. Patent No. 7,867,387.

The lower portion of the upper fuel opening 204 extends into the gasket portion 106 and
carves out a portion of the gasket portion 106. The lower end 208 of the opening 204 is
positioned parallel to and slightly lower than the upper surface of the gasket portion 106. A
plurality of lower fuel openings 206 are defined in the thickness of the gasket portion extending
downwardly from the lower end 208. Each opening 206 is tangent to the perimeter of the lower
end 208 along a section closer to the outer perimeter of the gasket portion 106. The lower fuel
openings 206 each has a diameter that is smaller than the diameter of the upper fuel opening 204
to provide effective strength to resist radial deformation of the valve body 170. In the examples
illustrated in Figs. 1-2, 7 and 8 A-D, three lower fuel openings 206 are implemented. However, it
is to be understood that the number of the lower fuel openings can vary depending on usage.

An upper air opening 210 is defined in the thickness of the gasket portion 106 along the
central axis B-B’. The opening 210 has a decreased diameter from a lower end defined at the
lower surface 134 of the gasket portion 106 to an upper end where it meets with the wall of the
upper fuel opening 204. That is, the wall of the opening 210 angles inwardly at least at its upper
end 138, allowing a tighter sealing engagement to be formed at a sealing face with the pin 114 of
the filter cartridge 14, when the pin 114 engages with the opening 210. The opening 210 is
concentric with the gasket 106, with its axis B-B’ crossing the axis C-C’ of the opening 204 at a
center 212 of the opening 204 on the slanted side 194 of the upper portion 102, The upper and
lower fuel openings 204, 206 cooperate with each other, allowing the cleaned fuel to pass
through and enter the clean fuel flow passage 38.

To aid in retaining the gasket portion 106 in the standpipe 30, at least one elongated
bump 100 is formed around the outer perimeter of the gasket portion 106, which engages with an

inner surface of the standpipe 30 and forms a fluid tight seal. It is to be understood that the
10
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number of bumps 100 can vary depending on usage such as the type of fluid, the temperature,
and the pressure at the sealing face. Slots 116 are formed in the upper surface 128 of the gasket
portion 106 for attachment with the valve cover 172.

With reference to Figs. 8A-D, the lower portion 104 is in a cylindrical shape, where the
diameter of the lower portion 104 is greater than the radius of the gasket portion 106 and slightly
smaller than a width between the two parallel side walls 112 of the upper portion 102. A lower
air opening 214 is formed in the lower portion 104 extending from a lower end of the upper air
opening 210 to the bottom end of the lower portion 104. The diameter of the lower air opening
214 is greater than the diameter of the upper air opening 210 at the lower surface of the gasket
portion 106.

With reference to Figs. 3, the valve cap 172 is designed to be secured to the top of the
valve body 170, confining the ball 174 on the upper surface 128 of the gasket portion 106. The
valve cap 172 includes an opening 222 that is formed through a side wall of the valve cap 172,
placing the exterior of valve assembly 50 in fluid communication with the interior of the valve
assembly, and thus in communication with the opening 204 and the clean fuel passage 38 in the
standpipe.

The valve cap 172 includes an opening 226 extending through a top of the cap 172. The
opening 226 permits the pin 114 on the filter cartridge 14 to extend therethrough when the
cartridge is installed, with the pin 114 extending through the opening 226 and into the upper air
opening 210 defined in the valve body 170. The free end of the pin 114 clears the inwardly
angled wall at the upper end 138 of the upper air opening 210 and forms an effective fluid tight
sealing at the sealing face.

The upper and lower air openings 210, 214 cooperate with each other, allowing air in the
cavity 56 of the upper end plate 66 to pass through the opening 74 defined in the pin 114, travel
through the upper and lower air openings 210, 214, enter into the air flow passage 36 and exit to
the outside of the fuel assembly 10, e.g., the fuel tank, through the air outlet 28 (see arrows in
Figs. 1 and 2). In addition to allowing air to pass through into the openings 210, 214, the pin 114
also helps prevent the ball 174 from moving back to block the opening 204 when the cartridge 14

is installed,
11
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The operation of the valve assembly 50 should be apparent from the description above.
When the filter cartridge 14 is not installed, the ball 174 remains on the upper surface of the
gasket portion 106 as shown in Fig. 3. When sufficient fuel pressure acts on the ball 174 with no
filter cartridge present, the ball 174 is forced up to the closed position blocking the opening 204.
When the ball 174 seats in the opening 204 when no filter cartridge (or an incorrect filter
cartridge) is installed, the flow of fuel into the standpipe is substantially completely prevented.
The word prevention as used herein, unless indicated otherwise either in the written description
or claims, is meant to include complete shut off of fuel into the standpipe as well as including
some flow of fuel into the standpipe, as long as the amount of fuel that passes is insufficient to
permit engine operation.

Upon installation of the filter cartridge 14, the pin 114 extends downward into the upper
air opening 210, allowing air in the cavity 56 of the upper end plate 66 to pass through the pin
114, enter into the air flow passage 36 and exit to the outside of the fuel assembly 10, e.g., the
fuel tank, through the air outlet 28 (see arrows in Figs. 1 and 2). In the meantime, the pin 114
blocks the ball 174 from moving up to the closed position. Since the pin 114 blocks the track
200, the ball 174 cannot move to a position blocking the opening 204. Under operating
conditions, the pressure of the fuel will force the ball up and into engagement with the pin 114,
The opening 222 will be open allowing a maximum amount of fuel to enter the opening 222,
The fuel flows past the ball 174 and pin 114, into the opening 204, and into the flow passage 36
of the standpipe to the outlet 26.

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 foregoing 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

1. A filter cartridge, comprising:

a filter media defining an interior space, and having a first end and a second end;

a first end plate connected to the first end,;

a second end plate connected to the second end,

a center tube connected to the second end plate, a pin being connected to the
center tube or the second endplate and extending away from second end plate into the
interior space, the pin defining a flow passage threrethrough that communicates the

interior space with an outside of the filter cartridge.

2. The filter cartridge of claim 1, wherein an annular press fit interface is formed
between the second end plate and the center tube or formed between components of the
second end plate, a restrictive passage extending through the press fit interface to

communicate a filter cartridge space with the flow passage defined in the pin.

3. The filter cartridge of any of claims 1 to 2, wherein the filter cartridge is adapted

to allow clean fuel to enter into a passage formed in the interior space.

4, The filter cartridge of any of claims 1 to 3, wherein the second end plate includes
a generally circular shaped body that has a plurality of annularly arranged, equally spaced

holes to communicate a filter cartridge space with the flow passage defined in the pin.

5. The filter cartridge of any of claims 1 to 4, wherein the first end plate is in an

annular shape.

6. A valve assembly for attachment to a fuel filter housing for controlling fuel flow

through the fuel filter housing, comprising:
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a valve body adapted for attachment to the fuel filter housing, the valve body
including a first opening adapted to allow air to pass through and a second opening
adapted to allow fuel to pass through, the first opening having an upper end and a lower

end; and

a valve ball sized to close a ball seat opening defined in the valve body.

7. The valve assembly of claim 6, wherein the valve body is made of resilient
material.
8. The valve assembly of any of claims 6 to 7, wherein the upper end of the first

opening angles inwardly such that the upper end of the first opening has a smaller

diameter than the diameter of the lower end of the first opening.

9. The valve assembly of any of claims 6 to 8, wherein the valve ball closes a
passage leading to both the first opening and the second opening, when the valve ball

closes the ball seat.

10.  The valve assembly of any of claims 6 to 9, wherein the valve body includes a
plurality of second openings to allow fuel to pass through, the plurality of second opening

are positioned annularly relative to the first opening.

11. A combination of:

a filter housing having a housing body with a side wall and an end wall defining a
filter cartridge space, a standpipe extending from the end wall along a longitudinal axis
into the filter cartridge space, the standpipe including an air flow passage, and at least one
opening in the standpipe that places the air flow passage in communication with the filter
cartridge space;

a filter cartridge configured for disposition within the filter cartridge space, the

cartridge including a filter media suitable for filtering a fluid, a first end plate connected
14
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to a first end of the filter media, a second end plate connected to a second end of the filter
media; a pin connected to the second end plate or to a center tube that is connected to the
second end plate and

a restrictive passage defined between the center tube and the second end plate or
defined in the second end plate to allow air to pass through, the pin having an opening
therethrough that cooperates with the opening in the standpipe to allow air to travel from

the cartridge space to the air flow passage.

12, The combination of claim 11, wherein the standpipe further includes a fuel

passage separate from the air flow passage.

13.  The combination of any of claims 11 to 12, wherein the standpipe is made of

plastic.

14.  The combination of any of claims 11 to 13, further comprising a valve assembly

including a valve body that is made of resilient material.

15, The combination of any of claims 11 to 14, further comprising a valve assembly
that includes a valve body adapted for attachment to the filter housing, the valve body
including a first opening adapted to allow air to pass through and a second opening

adapted to allow fuel to pass through.

16.  The combination of claim 15, wherein the first opening includes an inwardly
angled upper end such that the upper end of the first opening has a smaller diameter than
the diameter of a lower end of the first opening, the inwardly angled upper end
cooperating with the pin, thereby forming a fluid tight sealing at a sealing face with the

pin, when the pin engages with the first opening.
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17.  The combination of any of claims 11 to 16, wherein a press fit interface is formed
between the center tube and the second end plate or formed between components of the
second end plate, the restrictive passage extending vertically through the press fit

interface to allow air to communicate the filter cartridge space with a passage defined in

the pin.

18.  The combination of any of claims 11 to 17, wherein the pin is configured not only
to communicate the filter cartridge space with the air flow passage, but also to prevent a

valve ball from blocking the air flow passage and the fuel passages, when the filter

cartridge is installed.

16
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