
(19) United States 
US 20010037631A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0037631 A1 
Morgan et al. 

(54) HIGH FLOW CAPACITY FILTER 

(43) Pub. Date: Nov. 8, 2001 

continuation-in-part of application No. 09/240,714, 
?led on Jan. 29, 1999, noW Pat. No. 6,149,700. 

(75) Inventors: Je?'rey S. Morgan, Stoughton, WI 
(US); Jon S. Wake, Verona, WI (US); Publication Classi?cation 
Kent J. Kallsen, Oregon, WI (US) 

(51) Int. Cl.7 ................................................... .. B01D 46/00 

Correspondence Address: (52) US. Cl. . 55/498; 55/502 
MICHAEL E. TAKEN 
ANDRUS, SCEALES, STARKE & SAWALL, (57) ABSTRACT 

LITP A ?lter element (202, 250) includes pleated ?lter media (26) 
Suite 1100 h . 1 1. f 1 28 . 1 d 1 1 
100 East Wisconsin Avenue aving a p ura 1ty o p eats ( ) in a c ose annu ar oop 
Milwaukee WI 532024178 (Us) havmg an outer per1meter(30) de?ned by a plurality of outer 

’ pleat tips (32), an inner perimeter (34) de?ned by a plurality 
(73) Assigneez Nelson Industries Inc corporation of of inner pleat tips (36), the loop having a holloW interior (38) 

the State of wisc’onsin’ stoughton WI extending along an axis (40), Wherein ?uid to be ?ltered 
(Us) ’ ’ ?oWs laterally through the ?lter media and ?oWs axially in 

the holloW interior (38). The ?lter element has an axial How 
(21) APPL No. 09/904 934 passage (56a) along the axis (40) and circumscribing the 

’ holloW interior (38) and has a How perimeter (218) greater 
(22) Filed; Ju]_ 13, 2001 than the inner perimeter (34) of the ?lter element de?ned by 

the inner pleat tips (36), and in the preferred embodiment 
Related US, Application Data substantially the same as the outer perimeter (30) de?ned by 

the outer pleat tips (32), to provide axial How (58) through 
(63) Continuation of application No. 09/527,792, ?led on the holloW interior (38) and additional axial How (59 and 

Mar. 17, 2000, noW Pat. No. 6,261,334, Which is a 59a) through the axial ends (68) of the pleats. 
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HIGH FLOW CAPACITY FILTER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 09/240,714, ?led Jan. 29, 1999. 

BACKGROUND AND SUMMARY 

[0002] The invention relates to ?uid ?lters, and more 
particularly to constructions maximizing ?oW capacity and 
minimizing restriction. 

[0003] There is continuing demand for increased ?oW 
capacity in the same or even smaller siZe ?lters. This is 
particularly true in air cleaner designs for internal combus 
tion engines, Where engine compartment space is limited. A 
?lter construction enabling higher capacity in the same or 
less space provides competitive advantage and a space 
ef?cient ?lter system. 

[0004] A common air cleaner used in truck engines has a 
?lter element provided by pleated ?lter media having a 
plurality of pleats in a closed loop con?guration, typically 
annular, having an outer perimeter de?ned by a plurality of 
outer pleat tips, an inner perimeter de?ned by a plurality of 
inner pleat tips, and a holloW interior extending along an 
axis. The air typically ?oWs laterally or radially inWardly 
through the ?lter media into the holloW interior and then 
axially outWardly through an outlet ?oW tube to the com 
bustion air intake of the engine. The outlet tube has a 
diameter slightly smaller than the diameter of the holloW 
interior betWeen the inner pleat tips. A ?rst end cap covers 
the axial ends of the pleats at one axial end of the ?lter 
element and forms a radial seal With the outlet tube extend 
ing therethrough partially into the holloW interior. Addition 
ally or alternatively, the end cap forms an axial seal With the 
housing containing the ?lter element. The end cap is a 
resilient compressible material, to aid in forming the noted 
seals. The radial seal is formed by radially compressing the 
end cap material betWeen the outlet tube and the inner pleat 
tips or an inner liner extending therealong. The axial seal is 
formed by axially compressing the end cap material betWeen 
the axial ends of the pleats and the axial end of the housing 
containing the ?lter element. A second end cap covers the 
axial ends of the pleats at the other axial end of the ?lter 
element and may span the holloW interior to close same, or 
such holloW interior may be closed by a portion of the 
housing extending thereinto. The How capacity of the ?lter 
is affected by various factors, including restrictions, such as 
the siZe of the outlet opening through the noted outlet tube 
at the axial end of the ?lter. 

[0005] The invention of the noted parent application 
increases ?oW capacity by enabling enlargement of the 
outlet ?oW passage, to loWer the noted restriction to ?oW. 
The increased outlet siZe of the ?lter element and loWered 
restriction is accomplished While still maintaining or even 
increasing the amount of ?lter media and While also staying 
Within the same package or housing siZe. As noted above, in 
the prior art, the largest diameter outlet from the ?lter 
element is limited to approximately the siZe of the diameter 
of the holloW interior de?ned by the inner pleat tips. In the 
preferred embodiment of the parent invention, the end cap 
encloses only the outer edges of the axial ends of the pleats, 
and has an inner diameter larger than the diameter of the 
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holloW interior de?ned by the inner pleat tips. The enlarged 
inner diameter of the end cap forms a radial seal With an 
enlarged outlet tube having a diameter greater than the 
diameter of the holloW interior de?ned by the inner pleat 
tips. A radial seal is formed betWeen the enlarged diameter 
outlet tube and the enlarged inner diameter end cap at a 
location along the axial ends of the pleats betWeen the inner 
pleat tips and the outer pleat tips. An outer liner circum 
scribes the ?lter element along the outer pleat tips and 
extends beyond the axial end thereof into the end cap and 
provides support for the noted radial seal, ie the end cap 
material is radially compressed betWeen the outlet tube and 
the outer liner. The outlet ?oW passage from the ?lter 
element is noW the inside diameter of the end cap rather than 
the diameter of the holloW interior de?ned by the inner pleat 
tips. Fluid passing through the ?lter media can noW also 
travel axially betWeen the pleats as Well as axially through 
the holloW interior de?ned by the inner pleat tips. As a result 
of such construction, ?uid ?oW restriction is reduced, and 
the radial depth of the pleat is no longer limited to a speci?c 
outlet tube diameter. Instead, the radial depth of the pleat can 
theoretically extend all the Way to the axial center line of the 
?lter, alloWing maximiZation of ?lter media area Within a 
given package or housing siZe. The parent invention may 
also be used for opposite direction ?oW ?lters, in Which case 
enlargement of the inlet ?oW passage is enabled, to reduce 
inlet ?oW restriction. 

[0006] The present invention further increases ?oW capac 
ity by enabling further enlargement of the outlet ?oW 
passage, to further loWer the noted restriction to ?oW. The 
further increased outlet siZe of the ?lter element and the 
further loWered restriction is accomplished While still main 
taining or even increasing the amount of ?lter media and 
While also staying Within the same package or housing siZe. 
In the present invention, the largest diameter outlet from the 
?lter element is not limited to the siZe of the diameter of the 
holloW interior de?ned by the inner pleat tips, nor limited to 
the inner diameter of the end cap even if the latter is enlarged 
in accordance With the noted parent invention. The present 
invention enables the ?lter outlet to have a diameter sub 
stantially as large as the outer diameter of the ?lter element 
at the outer pleat tips. The invention may also be used for 
opposite direction ?oW ?lters, in Which case maximiZed 
enlargement of the inlet ?oW passage is enabled, to mini 
miZe inlet ?oW restriction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Parent Invention 

[0007] FIG. 1 is taken from the above noted parent US. 
application Ser. No. is 09/240,714, ?led Jan. 29, 1999, and 
is a side elevation vieW of a ?lter constructed in accordance 
With the parent invention. 

[0008] 
FIG. 1. 

[0009] FIG. 3 is an isometric vieW of a portion of the ?lter 
element of FIG. 2. 

[0010] 
FIG. 3. 

[0011] 
FIG. 4. 

FIG. 2 is a sectional vieW taken along line 2-2 of 

FIG. 4 is a sectional vieW taken along line 4-4 of 

FIG. 5 is a sectional vieW taken along line 5-5 of 
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[0012] FIG. 6 is a sectional vieW taken along line 6-6 of 
FIG. 4 

[0013] FIG. 7 is a sectional vieW taken along line 7-7 of 
FIG. 4. 

[0014] FIG. 8 is an enlarged vieW of a portion of the 
structure of FIG. 3, partially cut aWay. 

[0015] FIG. 9 is a vieW like FIG. 8, With a further portion 
cut aWay. 

[0016] FIG. 10 is a vieW like a portion of FIG. 2, and 
shoWs an alternate embodiment. 

[0017] FIG. 11 shoWs a mold for molding or potting an 
end cap onto pleated ?lter media of the ?lter element. 

Present Invention 

[0018] FIG. 12 is a sectional vieW similar to FIG. 2 but 
shoWing a ?lter element in accordance With the present 
invention. 

[0019] FIG. 13 is like FIG. 11 but shoWs a mold for 
molding or potting an end cap onto pleated ?lter media of 
the ?lter element of the present invention. 

[0020] FIG. 14 is like FIG. 12 and shoWs another embodi 
ment. 

DETAILED DESCRIPTION 

Parent Invention 

[0021] FIGS. 1 and 2 shoW a ?lter 20 including a ?lter 
element 22 contained Within a housing 24. Filter element 22 
is provided by pleated ?lter media 26, FIG. 2, having a 
plurality of pleats 28, FIGS. 5-9, in a closed loop, typically 
an annulus, having an outer perimeter 30 de?ned by a 
plurality of outer pleat tips 32, and an inner perimeter 34 
de?ned by a plurality of inner pleat tips 36. The annular 
closed loop has a holloW interior 38 extending along an axis 
40. Housing 24 is typically cylindrical and is provided by 
housing sections 42 and 44 mounted to each other in 
conventional manner such as by overcenter spring clip type 
clamps such as 46, or in other suitable manner. The housing 
has an inlet 50 admitting inlet ?uid, such as air or liquid, 
radially and/or tangentially into annular space 52 Within the 
housing around ?lter element 22. The housing may include 
an interior dam or de?ection surface 54 for blocking direct 
impact against ?lter element 22 and/or for directing ?oW, for 
example in a spiral or toroidal pattern. The ?uid ?oWs 
laterally or radially inWardly through ?lter media 26 into 
holloW interior 38, and then the clean ?uid ?oWs axially 
rightWardly in FIG. 2 in holloW interior 38 along ?oW 
passage 56 as shoWn at arroWs 58, 59. 

[0022] How passage 56 extending along axis 40 circum 
scribes holloW interior 38 and has a How perimeter 60 
greater than inner perimeter 34 de?ned by inner pleat tips 
36, to be described. FloW perimeter 60 is less than outer 
perimeter 30 de?ned by outer pleat tips 32. Inner perimeter 
34 de?nes and bounds a ?rst cross-sectional area. How 
perimeter 60 de?nes and bounds a second cross-sectional 
area. The second cross-sectional area is greater than the ?rst 
cross-sectional area. Outer perimeter 30 de?nes and bounds 
a third cross-sectional area. The second cross-sectional area 
is less than the third cross-sectional area. 
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[0023] Filter element 22 has ?rst and second axial ends 62 
and 64. Axial end 62 is open, FIG. 3, and provides axial ?oW 
passage 56 therethrough. An end cap 66 of soft resilient 
compressible material, such as foamed potted urethane, 
axially abutts the axial ends 68 of the pleats. End cap 66 has 
an inner perimeter 70, FIGS. 3 and 4, greater than inner 
perimeter 34 de?ned by inner pleat tips 36. End cap 66 
partially covers the axial ends 68 of the pleats such that the 
laterally outWard portions 72 of the axial ends of the pleats 
are covered by end cap 66 but not the laterally inWard 
portions 74 of the axial ends of the pleats, such that the 
laterally inWard portions 74 of the axial ends of the pleats are 
uncovered and exposed at axial end 62 of ?lter element 22, 
FIGS. 8 and 9. Second axial end 64 of ?lter element 22 is 
closed. A second end cap 76, FIG. 2, of soft compressible 
resilient material, such as foamed potted urethane, is pro 
vided at second end 64 of the ?lter element and completely 
covers the axial ends 78 of the pleats including the outer 
pleat tips and the inner pleat tips at axial end 64. End cap 76 
also includes a central section 80 spanning and completely 
covering holloW interior 38 of ?lter element 22 at axial end 
64 of the ?lter element. Housing section 44 includes an 
annular interior sideWall 82 extending partially axially into 
the housing to locate and retain ?lter element 22 at axial end 
64. In other embodiments, central section 80 of end cap 76 
is omitted, and a portion of housing section 44 extends into 
holloW interior 38 of ?lter element 22 to close axial end 64 
of the ?lter element and to position axial end 64 of the ?lter 
element Within the housing. End cap 76 includes an annular 
ridge 84 engaging axial endWall 85 of housing section 44 
and slightly axially compressed thereagainst to further aid in 
retention of ?lter element 22 Within the housing and to 
accommodate axial tolerances. End cap 66 also includes an 
annular ridge 86 engaging axial endWall 88 of housing 
section 42 and slightly radially compressed thereagainst to 
aid in retaining ?lter element 22 Within the housing and to 
accommodate axial tolerances and also to provide an axial 
seal to prevent bypass of dirty air from annular chamber 52 
around axial end 62 of the ?lter element. Axial endWall 88 
of housing section 42 has an outlet ?oW tube 90 extending 
therethrough. In addition to or alternatively to the axial seal 
at 86, end cap 66 provides a radial seal against outlet ?oW 
tube 90, to be described. 

[0024] End cap 66 has a sideWall 92, FIGS. 2 and 4, 
extending axially aWay axial ends 68 of pleats 28 at axial 
end 62 of ?lter element 22. The sideWall has an inner 
perimeter 70, as above noted, and an outer perimeter 94. As 
noted above, inner perimeter 70 of sideWall 92 is greater 
than inner perimeter 34 of ?lter element 22 de?ned by inner 
pleat tips 36. Inner perimeter 70 of sideWall 92 of end cap 
66 is less than outer perimeter 30 of ?lter element 22 de?ned 
by outer pleat tips 32. Outer perimeter 94 of sideWall 92 of 
end cap 66 is greater than outer perimeter 30 of ?lter element 
22 de?ned by outer pleat tips 32. FloW tube 90 has an inner 
section 96 axially facing the axial ends 68 of pleats 28. Inner 
section 96 of How tube 90 has an inner perimeter 98 and an 
outer perimeter 100. Outer perimeter 100 is greater than 
inner perimeter 70 of sideWall 92 of end cap 66, such that as 
?lter element 22 at end cap 66 is axially slid rightWardly 
over inner section 96 of How tube 90, end cap 66 is radially 
compressed to expand inner perimeter 70 along outer side 
Wall 100 of How tube inner section 96 to effect the noted 
radial seal. Inner perimeter 70 of end cap 66 is preferably 
stepped, as shoWn at steps 71, FIG. 8, to have slightly 
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progressively decreasing diameters from right to left as 
vieWed in FIGS. 8 and 2, to receive and guide inner section 
96 of How tube 90 therealong and increase radial sealing 
pressure. End cap 66 circurnscribes inner section 96 of How 
tube 90 and bears radially thereagainst in sealing relation to 
form the noted radial seal thereat. EndWall 88 of housing 
section 42 axially faces axial ends 68 of pleats 28, and end 
cap 66 also bears axially against endWall 88 in sealing 
relation to form the noted axial seal thereat. 

[0025] An outer liner 102, FIGS. 2 and 4, provided by an 
expanded Wire mesh or screen or perforated rnetal, circurn 
scribes ?lter elernent 22 along outer pleat tips 32 and has an 
axial end section 104 extending axially beyond the axial 
ends 68 of pleats 28. As above described, ?oW tube 90 
communicates with holloW interior 38 of the ?lter elernent 
along ?oW passage 56 and extends axially from the axial end 
of the ?lter elernent. End cap 66 at the axial end of the ?lter 
elernent bears radially betWeen and is radially cornpressed 
betWeen and against section 104 of outer liner 102 and inner 
section 96 of How tube 90. Outer liner 102 extends axially 
at 104 into end cap 66 and is potted therein during the 
molding process, to be described. As noted above, sideWall 
92 of end cap 66 extends axially away from the axial ends 
68 of pleats 28 at the axial end of the ?lter elernent. Outer 
perirneter 94 of the end cap sideWall circurnscribes outer 
liner section 104. 

[0026] Pleats 28 have pairs of Walls de?ning axially 
extending interior channels 106, FIG. 7, and axially extend 
ing exterior channels 108. The Walls of the pleats de?ning 
the exterior channels 108 are sealed to each other near axial 
end 62 of the ?lter element by heat seal bonding along glue 
strips such as 110, as knoWn in the art, for example as 
disclosed in US. Pat. No. 5,106,397, incorporated herein by 
reference. This prevents bypass of dirty air around the axial 
ends of the pleats at inner exposed portions 74, FIGS. 8 and 
9. Fluid such as air ?oWing radially inWardly through the 
?lter media as shoWn at 112, FIG. 4, must ?oW through the 
sideWalls of pleats 28 before such ?uid can ?oW axially as 
shoWn at arroWs 58, 59. Some of such air can ?oW axially 
rightWardly in FIG. 4 as shoWn at arroW 59 axially along 
interior channels 106, and the balance of the air continues 
radially inWardly as shoWn at arroW 114 and then ?oWs 
axially as shoWn at arroW 58. The axial ends of exterior 
channels 108 at the axial end of the ?lter element are 
blocked by the noted seal bonding along adhesive strips 110. 
Fluid ?oWing through the ?lter element is forced to pass 
from exterior channels 108 to interior channels 106. FIGS. 
6 and 9 shoW the seal bonded adhesive 110 extending in 
exterior channels 108 all the Way from inner pleat tips 36 to 
outer pleat tips 32 as idealiZed. If the seal bond does extend 
all the Way from inner pleat tip 36 to outer pleat tip 32, then 
the shape of the interior channel 106 at outer pleat tip 32 Will 
generally be more rounded and the Walls of pleats 28 
forming exterior channels 108 at outer pleat tips 32 Will 
usually be closer together. In an alternative, the adhesive 
seal bond in exterior channels 108 may extend from inner 
pleat tips 36 only partially toWards outer pleat tips 32, and 
the outer portions of exterior channels 108 are blocked at the 
axial end of the ?lter element by end cap 66. During the 
molding potting process, to be described, the liquid castable 
material into Which the pleated ?lter media is dipped Will 
foarn up a short distance axially into the channels betWeen 
the pleats, as shoWn at inner section 116, FIGS. 4, 8, 9, of 
the end cap Which has rnigrated a distance 118, FIG. 4, 
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betWeen the pleats. The spacing of glue strips 110 on the 
pleats from the axial ends 68 of the pleats may be adjusted 
as desired in standard glue seal strip applicator rnachines. 
Preferably, glue seal strips 110 are spaced from axial ends 68 
of the pleats by a small distance 118 to enable a slight 
deformation of the axial ends 68 of the pleats by a darn in 
the mold during the molding potting process, to keep the 
liquid castable material of the end cap from ?oWing radially 
inWardly onto inner portions 74 of the pleat ends Which are 
desired to be exposed, Which molding process and darn are 
to be described. Alternatively, seal glue strips 110 may be 
applied at axial ends 68 of the pleats, Without gap 118 
therebetWeen. 

[0027] FIG. 11 shoWs a mold 120 for rnolding or potting 
end cap 66 onto pleated ?lter media 26 of the ?lter element. 
The rnold has a trough 122 extending along an annular ?rst 
perimeter and holding liquid castable material, such as 
urethane, therein into Which axial ends 68 of pleats 28 are 
dipped. The rnold has an insert 124 With an upstanding darn 
126 extending along a second annular perirneter circurn 
scribed by the noted annular perimeter of trough 122. Darn 
126 engages axial ends 68 of the pleats betWeen outer pleat 
tips 32 and inner pleat tips 36 and irnpedes How of liquid 
castable rnaterial laterally radially inWardly toWards inner 
pleat tips 36. Trough 122 partially spans axial ends 68 of the 
pleats such that the laterally outWard portions 72 of the axial 
ends of the pleats are covered by the liquid castable material 
but not the laterally inWard portions 74 of the pleats, such 
that laterally outWard portions 72 of the axial ends of the 
pleats are covered by end cap 66, and laterally inWard 
portions 74 of the axial ends of the pleats are uncovered by 
end cap 66 and are left exposed. It is preferred that the 
pleated ?lter rnedia be dipped into the liquid castable 
material in the mold by loWering the pleated ?lter rnedia 
doWnWardly until axial ends 68 of the pleats are engaged by 
darn 126, and then pushing the pleated ?lter rnedia further 
slightly doWnWardly against the darn such that the darn 
slightly deforrns axial ends 68 of the pleats at such engage 
rnent point Which in turn pushes the pleat sideWalls forming 
the noted channels slightly laterally to further block the 
channels and further irnpede How of liquid castable rnaterial 
laterally inWardly toWards inner pleat tips 36. Trough 122 is 
bounded by an outer perirneter 126 and an inner perirneter 
128. Outer perirneter 126 of trough 122 is greater than outer 
perirneter 30 of the ?lter elernent de?ned by outer pleat tips 
32. Inner perirneter 128 of trough 122 is less than outer 
perirneter 30 of the ?lter elernent. Inner perirneter 128 of 
trough 122 is greater than inner perirneter 34 of the ?lter 
elernent de?ned by inner pleat tips 36. The noted second 
perimeter of the mold at annular darn 126 is less than or 
equal to inner perirneter 128 of trough 122. 

[0028] As noted, the method for rnolding end cap 66 onto 
pleated ?lter media 26 involves dipping axial ends 68 of the 
pleats into liquid castable material in trough 122 of mold 
120, and engaging axial ends 68 of the pleats against darn 
126 at a location betWeen outer pleat tips 32 and inner pleat 
tips 36 such that darn 126 irnpedes How of the liquid castable 
rnaterial laterally inWardly toWards inner pleat tips 36. 
Trough 122 is provided and aligned such that it partially 
spans axial ends 68 of the pleats such that the laterally 
outWard portions 72 of the axial ends of the pleats are 
covered by the liquid castable material during dipping, but 
not the laterally inWard portions 74 of the axial ends of the 
pleats. Further in accordance With the described method, 
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laterally inward How of the liquid castable material is 
impeded along the axial ends of the pleats toWard inner pleat 
tips 36 by providing and aligning dam 126 to engage axial 
ends 68 of the pleats betWeen outer pleat tips 32 and inner 
pleat tips 36, such that laterally outWard portions 72 of the 
axial ends of the pleats are covered by end cap 66, and 
laterally inWard portion 74 of the axial ends of the pleats are 
uncovered by end cap 66 and are left exposed. Trough 122 
and ?lter element 22 are aligned during the noted dipping 
such that outer perimeter 126 of trough 122 circumscribes 
outer perimeter 30 of the ?lter element de?ned by outer pleat 
tips 32, and inner perimeter 128 of trough 122 circumscribes 
inner perimeter 26 of the ?lter element de?ned by inner 
pleats 36. 

[0029] FIG. 10 shoWs an alternate embodiment Wherein 
outlet ?oW tube 90a has an outer section 90b of reduced 
diameter to accommodate engine compartment siZe and 
location requirements, yet maintaining an increased diam 
eter inner section 90c maintaining the increased diameter 
and perimeter ?oW passage 56 including axial ?uid ?oW at 
58 and the extra axial ?uid ?oW at 59, FIGS. 4 and 10. The 
spacing of axial endWall 88 of housing section 42 from axial 
ends 68 of the ?lter media pleats provides a plenum 130 
accommodating the extra How and reducing restriction. 

[0030] The described ?lter construction Was developed for 
air ?lters, though may be used for other ?uids such as liquid. 
In the disclosed embodiment, ?uid to be ?ltered ?oWs 
laterally inWardly through the ?lter media from the outer 
perimeter to the inner perimeter and then ?oWs axially in the 
holloW interior, such that How passage 56 is an outlet ?oW 
passage. Alternatively, ?uid to be ?ltered may ?oW axially 
in holloW interior 38 and then ?oW laterally outWardly 
through the ?lter media from the inner perimeter to the outer 
perimeter, in Which case How passage 56 is an inlet ?oW 
passage. In other alternatives, metal end caps are used 
instead of urethane end caps, or various combinations of 
materials are used for the end caps. In further embodiments, 
an inner liner may be added along inner pleat tips 36. In 
further alternatives, outer section 90b, FIG. 10, of the How 
tube has a larger inner diameter than inner section 90c. 

Present Invention 

[0031] FIGS. 12-14 shoW the present invention, and use 
like reference numerals from above Where appropriate to 
facilitate understanding. 

[0032] FIG. 12 shoWs a ?lter element 202 for mounting in 
housing 24. Filter element 202 is provided by the noted 
pleated ?lter media 26 having a plurality of pleats 28 in a 
closed loop, typically an annulus, having an outer perimeter 
30 de?ned by a plurality of outer pleat tips 32, and an inner 
perimeter 34 de?ned by a plurality of inner pleat tips 36. The 
annular closed loop has a holloW interior 38 extending along 
axis 40. Fluid to be ?ltered ?oWs laterally or radially through 
?lter media 26, and ?oWs axially in holloW interior 38. The 
?lter element has an axial ?oW passage 56a extending along 
axis 40 and circumscribing holloW interior 38 and having a 
How perimeter as shoWn at diameter 204 greater than inner 
perimeter 34 as shoWn at diameter 206. Filter element 202 
has ?rst and second axial ends 62 and 64. First axial end 62 
is open and provides the noted axial ?oW passage 56a 
therethrough. An end cap 208 of soft compressible resilient 
material, such as foamed potted urethane, is provided around 
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outer pleat tips 32 at axial end 62 and has an outer perimeter 
210 as shoWn at diameter 212 greater than the outer perim 
eter 30 of the outer pleat tips 32 as shoWn at diameter 204 
and forming an outer sealing surface 214 external to axial 
?oW passage 56a and engaging inner surface 43 of housing 
section 42 in radially compressed sealing relation. The axial 
end 216 of end cap 208 may or may not engage axial endWall 
88 of housing section 42 in axially compressed or noncom 
pressed relation. Sealing is accomplished by the radial seal 
provided by radial compression of end cap 208 betWeen 
section 104 of outer liner 102 and inner facing surface 43 of 
the housing and/or the axial seal provided by axial com 
pression of end cap 208 against axial endWall 88 of the 
housing. Section 104 of outer support liner 102 provides a 
support backing for compression of radial sealing of end cap 
208 thereagainst, as above. Second end cap 76 is provided 
at second end 64 of the ?lter element and completely covers 
the axial ends of the pleats including the outer pleat tips and 
the inner pleat tips. As above, end cap 76 also includes 
central section 80 spanning and completely covering the 
holloW interior of the ?lter element and closing same. 

[0033] Outer sealing surface 214 of end cap 208 at outer 
perimeter 210 faces aWay from axial ?oW passage 56a and 
radially outWardly relative to axis 40. End cap 208 has an 
inner perimeter 218 as shoWn at diameter 204 substantially 
equal to the outer perimeter 30 at outer pleat tips 32 as also 
shoWn at diameter 204. The outlet ?oW tube of the housing, 
shoWn at 90 in FIG. 2, is enlarged as shoWn at 90d in FIG. 
12 to the noted diameter 204. This further increases and 
maximizes ?oW capacity, and further reduces and minimizes 
?oW restriction. Fluid ?oWs not only at arroWs 58 and 59 as 
above, but also at arroW 59a through the laterally outWard 
portions 72, FIGS. 8, 9, 4, of the axial ends of the pleats, 
axially through channels 106, FIGS. 6, 7. 

[0034] End cap 208 encapsulates outer pleat tips 32 and 
outer support liner 102. End cap 208 has a major margin 220 
extending radially outWardly aWay from outer support liner 
102 to outer perimeter 210 of end cap 208. End cap 208 has 
a minor margin 222 extending radially inWardly from outer 
support liner 102 to the inner perimeter 218 of the end cap. 
Minor margin 222 encapsulates outer pleat tips 32. The 
radial or lateral extension of major margin 220 is substan 
tially longer than the radial or lateral extension of minor 
margin 222. Inner perimeter 218 of end cap 208 is substan 
tially equal to outer perimeter 30 at outer pleat tips 32, the 
difference being the length or radial extension of minor 
margin 222. 

[0035] Inner perimeter 34 at inner pleat tips 36 de?nes and 
bounds a ?rst cross-sectional area. Inner perimeter 218 of 
end cap 208 de?nes the How perimeter as shoWn at diameter 
204 of axial ?oW passage 56a. Inner perimeter 218 of end 
cap 208 de?nes and bounds a second cross-sectional area. 
Outer perimeter 30 at outer pleat tips 32 de?nes and bounds 
a third cross-sectional area. The difference betWeen the 
noted ?rst and second cross-sectional areas is substantially 
greater than the difference betWeen the noted second and 
third cross-sectional areas. 

[0036] As above, ?uid to be ?ltered ?oWs laterally 
inWardly through ?lter media 26 from outer perimeter 30 at 
outer pleat tips 32 to inner perimeter 34 at inner pleat tips 36 
and then ?oWs axially in holloW interior 38 and then out 
through ?oW passage 56a and housing outlet tube 90d. FloW 
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passage 56a is thus an outlet ?oW passage. In an alternate 
embodiment, ?uid to be ?ltered ?oWs axially into the 
housing through ?oW tube 90d then axially along ?oW 
passage 56a into holloW interior 38 and then ?oWs laterally 
outWardly through ?lter media 26 from inner perimeter 34 at 
inner pleat tips 36 to outer perimeter 30 at outer pleat tips 32. 
In this embodiment, ?oW passage 56a is an inlet ?oW 
passage. The present invention provides the axial ?oW as 
shoWn at arroW 58 in FIG. 4 and the axial ?oW as shoWn at 
arroW 59, and further provides additional axial ?oW as 
shoWn at arroW 59a in FIG. 12. The latter is due to the 
substantial removal of the radial extension of the end cap 
208 from the axial ends 68 of the pleats in combination With 
moving the sealing function to outer periphery 210 and/or 
216, FIG. 12, compared to the end cap of FIGS. 2 and 4 
With inWardly facing radial sealing surface 70 and/or axial 
sealing surface 86, and end cap portion 116 covering the 
axial ends of the pleats and blocking otherWise available 
How passage area. The extra ?oW enabled by the present 
invention at arroW 59a in FIG. 12 is in addition to the extra 
How 59 provided by the parent invention. The present 
invention thus further increases and maximiZes ?oW capac 
ity, and further reduces and minimiZes ?oW restriction. 

[0037] FIG. 13 is similar to FIG. 11 and shoWs a mold 
230 for molding or potting end cap 208 onto pleated ?lter 
media 26 of the ?lter element. The mold has a trough 232 
extending along an annulus and holding liquid castable 
material, such as urethane, therein into Which axial ends 68 
of pleats 28 are dipped. Annular trough 232 has an outer 
perimeter 234 de?ning outer perimeter 210 of end cap 208, 
and an inner perimeter 236 de?ning inner perimeter 218 of 
end cap 208. It is preferred that there be a minimal gap 238 
betWeen inner perimeter 236 and outer support liner 102 of 
the ?lter element to encapsulate end section 104 of liner 102 
and to encapsulate outer pleat tips 32 along their axial ends 
68. It is preferred that gap 238 be kept to a minimum, such 
that inner perimeter 236 is substantially equal to perimeter 
30. In other embodiments, the radial length of gap 238 is 
zero, ie there is no gap betWeen inner perimeter 236 and 
outer liner 102. The mold has an insert 240 With an upstand 
ing dam 242 extending along inner perimeter 236 and 
having an axial end engaging axial ends 68 of the pleats and 
impeding How of liquid castable material laterally radially 
inWardly toWards inner pleat tips 36. The pleated ?lter media 
is dipped into the liquid castable material in the mold by 
loWering the pleated ?lter media doWnWardly until axial 
ends 68 of the pleats are engaged by dam 242, and then 
pushing the pleated ?lter media further slightly doWnWardly 
against the dam such that the dam slightly deforms axial 
ends 68 of the pleats at such engagement point Which in turn 
pushes the pleat sideWalls forming the noted channels 
slightly laterally to further block the channels and further 
impede How of liquid castable material laterally inWardly 
toWards inner pleat tips 36. 
[0038] FIG. 14 is like FIG. 12 and shoWs another embodi 
ment and uses like reference numerals Where appropriate to 
facilitate understanding. Filter element 250 has an end cap 
252 With a metal support extension member 254 embedded 
therein during the noted molding. The support extension 
member has a ?rst leg 256 along outer support liner 102 at 
outer pleat tip 32, a second leg 258 extending radially 
outWardly from leg 256, and a third leg 260 providing a 
support backing for compression of sealing portion 262 of 
the end cap thereagainst. Sealing portion 262 is betWeen leg 
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260 and outer sealing surface 264 and is spaced radially 
outWardly of outer pleat tips 32 by a radial gap 266 betWeen 
legs 256 and 260. Leg 258 has ?rst and second sides 268 and 
270 facing axially in opposite directions and de?ning, in 
combination With legs 256 and 260, the noted radial gap 266. 
End cap 252 has a ?rst portion 272 in radial gap 266, and a 
second portion 262 radially outWardly thereof and providing 
the noted sealing portion. Second side 270 of leg 258 faces 
an open radial gap 274 betWeen outer pleat tips 32 and 
portion 262 of end cap 252. Open radial gap 274 is un?lled 
by the potting material of end cap 252. Legs 256, 258, 260 
de?ne a U-shaped support extension member 254, second 
leg 258 being the bight of the U, and ?rst and third legs 256 
and 260 extending axially and generally parallel to one 
another. 

[0039] It is recogniZed that various equivalents, alterna 
tives and modi?cations are possible Within the scope of the 
appended claims. 

What is claimed is: 
1. A ?lter element comprising pleated ?lter media having 

a plurality of pleats in a closed loop having an outer 
perimeter de?ned by a plurality of outer pleat tips, and an 
inner perimeter de?ned by a plurality of inner pleat tips, said 
loop having a holloW interior extending along a given axis, 
Wherein ?uid to be ?ltered ?oWs laterally through said ?lter 
media, and ?oWs axially in said holloW interior, said ?lter 
element having an axial ?oW passage extending along said 
axis and circumscribing said holloW interior and having a 
How perimeter greater than said inner perimeter, said ?lter 
element having ?rst and second axial ends, said ?rst axial 
end being open and providing said axial ?oW passage 
therethrough, and an end cap around said outer pleat tips at 
said ?rst axial end and having an outer perimeter greater 
than said outer perimeter of said outer pleat tips and forming 
an outer sealing surface external to said axial ?oW passage. 

2. The invention according to claim 1 Wherein said outer 
sealing surface faces aWay from said axial ?oW passage and 
radially outWardly relative to said axis. 

3. The invention according to claim 1 Wherein said end 
cap has an inner perimeter substantially equal to said outer 
perimeter of said outer pleat tips. 

4. The invention according to claim 1 comprising an outer 
support liner around said ?lter element at said outer pleat 
tips, and Wherein said end cap encapsulates said outer pleat 
tips and said outer support liner, said end cap having a major 
margin extending radially outWardly aWay from said outer 
support liner to said outer perimeter of said end cap. 

5. The invention according to claim 4 Wherein said end 
cap has a minor margin extending radially inWardly from 
said outer support liner to the inner perimeter of said end 
cap, said minor margin encapsulating said outer pleat tips. 

6. The invention according to claim 5 Wherein the radial 
extension of said major margin is longer than the radial 
extension of said minor margin. 

7. The invention according to claim 6 Wherein the radial 
extension of said major margin is substantially longer than 
the radial extension of said minor margin, and Wherein said 
inner perimeter of said end cap is substantially equal to said 
outer perimeter of said outer pleat tips, the difference being 
the length of said radial extension of said minor margin. 

8. The invention according to claim 1 Wherein said inner 
perimeter of said inner pleat tips de?nes and bounds a ?rst 
cross-sectional area, said end cap has an inner perimeter 
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de?ning said How perimeter, said inner perimeter of said end 
cap de?nes and bounds a second cross-sectional area, said 
outer perimeter of said outer pleat tips de?nes and bounds a 
third cross-sectional area, and Wherein the difference 
betWeen said ?rst and second cross-sectional areas is sub 
stantially greater than the difference betWeen said second 
and third cross-sectional areas. 

9. The invention according to claim 1 comprising a 
second end cap at said second axial end of said ?lter element 
completely covering the axial ends of said pleats including 
said outer pleat tips and said inner pleat tips at said second 
axial end. 

10. The invention according to claim 9 Wherein said 
second end cap also spans and completely covers said 
holloW interior at said second axial end of said ?lter element. 

11. The invention according to claim 1 Wherein said ?uid 
to be ?ltered ?oWs laterally inWardly through said ?lter 
media from said outer perimeter of said outer pleat tips to 
said inner perimeter of said inner pleat tips and then ?oWs 
axially in said holloW interior, Wherein said How passage is 
an outlet ?oW passage. 

12. The invention according to claim 1 Wherein said ?uid 
to be ?ltered ?oWs axially in said holloW interior and then 
?oWs laterally outWardly through said ?lter media from said 
inner perimeter of said inner pleat tips to said outer perim 
eter of said outer pleat tips, Wherein said How passage is an 
inlet ?oW passage. 

13. The invention according to claim 1 Wherein said 
closed loop is annular. 
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14. The invention according to claim 1 comprising a 
support extension member in said end cap, said support 
extension member having a ?rst leg at said outer pleat tips, 
a second leg extending radially outWardly from said ?rst leg, 
and a third leg at the outer end of said second leg, said third 
leg providing a support backing for compression of a sealing 
portion of said end cap thereagainst, said sealing portion 
being betWeen said third leg and said outer sealing surface 
and spaced radially outWardly of said outer pleat tips by a 
radial gap betWeen said ?rst and third legs. 

15. The invention according to claim 14 Wherein said 
second leg has ?rst and second sides facing axially in 
opposite directions and de?ning, in combination With said 
?rst and third legs, said radial gap, and Wherein said end cap 
has a ?rst portion in said radial gap, and a second portion 
radially outWardly thereof and providing said sealing por 
tion. 

16. The invention according to claim 15 Wherein said 
second side of said second leg faces an open radial gap 
betWeen said outer pleat tips and said second portion of said 
end cap, said open radial gap being un?lled by said end cap. 

17. The invention according to claim 14 Wherein said ?rst, 
second and third legs de?ne a U-shaped said support exten 
sion member, said second leg being the bight of the U, said 
?rst and third legs extending axially and generally parallel to 
one another. 


