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(54) Filter element

(57) A tubular filter element has longitudinally extending
pleats and a wrap member (30) wrapped around and jointed
to the outer peaks of the pleats and defining openings 32
which total less than 50%, preferably 6 to 30%, of the area of
a notional cylinder defined by the pleat peaks. The wrap
member thus evens out the flow and increases the dirt
capacity of the element. The pleats may include a filter layer,
upstream and downstream support and drainage layers, a
cushioning layer between the upstream support and drainage
layer and the filter layer, and polymeric beads on the
downstream side of the downstream support and drainage
layer. An axtruded polymeric mesh may comprise one or
both of the upstream and downstream support and drainage
layers. Wrap member 30 may be an impervious band wound
helically with turns spaced apan, a perforate or mesh band
also wound helically with turns either spaced or overlapping
or a series of axially spaced circumferential bands.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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A FILTER

The present invention relates to a filter and

more particularly to a corrugated filter for
removing one or more substances from a fluid flowing
through the filter. It also relates to a filter
having a high dirt capacity and enhanced fatigue
resistance.

In filtration systems which have repeated or
cyclical fluctuations in the flow rate across a
£ilter, fatigue failure of the filter can be a
prcblem. This is especially true for systems with
wide flow excursiocns, e.g., from zerc to full flow
and back to zero, such as are experienced in
£iltration systems for pistcn-type pumps as used in
f1uid power systems. The flow cycles cause
ccincident cycles in the differential pressure
across the filter, typically resulting in a
"wreathing type! flexure within the pleated mediun

sf +he filter. If *“he pleated medium is a composite
maving a filter layer and a support and drainage
_ayer, as the pleated medium flexes, the support and
drainage layer can rub back and forth along the
£ilter layer. Because the support and drainage

P

layer is typically much more coarse than the filter

laver, this rubbing may produce weak spots which can

rupture in service. This type of failure is known

as a fatigue failure.

Another prcblem of conventional filters is that

-]



'1

9]

39

(8]

t

©

m

they may have a low dirt capacity when the liquid
flows through the filter element unevenly. For
example, more liquid may flow through the upper
portion of a filter element than through the lower
portion. Consequently, zore dirt is deposited on
+ne upper portion of the filter element than on the
lower portion. This uneven locading of the filter
element can lower the dirt capacity of the filter
element. The lower the dirt capacity of a filter

siement, the more often it is necessary to replace

she filter, resulting in increased material and

Accordingly, the present inventicn provides a
z:i2+or comprising a pleated filter element including

cngitudinally extending pleats having peaks and a

'.J

-rap wrapped around the filter element and preferably joined to
-he peaks of the pleats and having openings for
increasing the dirt capacity of the filter element,

—rbi =

-ne total area of the openings being less than about

—d

sne-nalf of the total area of the surface defined by
<he peaks of the pleats.

The present invention also provides a filter
siement comprising a pleated composite having a

ilter layer, a support and drainage layer, and

(XN

weans disposed between the filter layer and the
support and drainage layer for resisting abrasion otf

-he filter layer by.the support and drainage layer.

The present invention further provides a filter
alement comprising a pleated composite having first

27543/mht/ves -2~
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and second extruded polymeric mesh layers and a
filter layer positioned between them.

The present invention additicnally provides a
filter element comprising a pleated composite
inciuding an extruded polymeric mesh layer and a
filter layer and a wrap wrapped arcund the pleated
cempesite.

Filters and filter elements embodying the
present invention are highly reliable and have an
enhanced resistance teo fatigue failure, an improved
r< capacity, and an extended service life. By
wrapping the pleats with a wrap, movement of the
rleats is restrained and abrasion of the filter
—edium is minimized. In addition, the wrap produces
a more uniform flow distribution over the length of
~he filter. Ccnseguently, dirt is more evenly
deposited on the filter element, increasing the
useful life of the filter. The wrap also helps the
far =0 resist radially outwardly directed forces

revent the filter element from swelling

fu
e
[o]
0
fu
o}
g

sutward. By providing an abrasion resisting means
setween the filter layer and the suppeort and
drainage layer, the support and drainage layer is
prevented from abrading the filter layer and
producing a weak spot in the filter layer.
Consequently, there are fewer fatigue failures. BY
including one or more extruded polymeric mesh layers
in the pleated composite, the filter elements are

s2asvy tc fabricate and corrugate and yet are highly

37543 /mht/ves -3=-
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effective.
The invention can be put into practice in various

ways and a number of specific embodiments will be
described to illustrate the invention with reference to
the accompanying drawings in which :

Figure 1 is a partially cut-away elevation of a
first embodiment of a filter equipped with a wrap
member,

Figure 2 is a transverse cross-sectional view of a
sector of the embodiment of Figure 1,

Figure 3 is a perspective view of a filter element
pricr to corrugation,

Figure 4 is an elevation of a portion of the
filter element of Figure 3 after corrugation as viewed
from the downstream side of the element,

Figure 5 (and 5A on an enlarged scale) is a
cross-sectional view of the filter element of Figure 4
taken along Line V-V of Figure 4,

Figure 6 is an elevation of a second embodiment of
a filter with the wrap member partially removed,

Figure 7 is an elevation of a third embodiment of
a filter,

Figure 8 1is a perspective view of a fourth
ambodiment of a filter and

Figure 9 is an elevation of a fifth embodiment of
a filter.

A number of preferred embodiments of a filter will
now be described while referring to the accompanying
dfawings. Figure 1 is a perspective view of a first
embodiment equipped with a spiral wrap member, and
Figure 2 1is a transverse cross-sectional view of a
sector of the embodiment of Figure 1. As shown in

Figure 1, the filter 10 of
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this embodiment has a hollow pleated filter element
20 with longitudinal pleats. A hollow, rigid
tubular core 11 may be disposed inside the hollow
center of the filter element 20 to give the filter
element 20 sufficient strength to resist the
inwardly directed forces which act on the filter
element 20. The core 11 can be made of any
sufficiently strong material which is compatible
with the fluid to be filtered. For example, the
:11ustrated cere 11 is made of a perforated metal,

-y

suc, alternatively, it can be made oI a polymeric

material.

A blind end cap 12 and an open end cap 13 may
fitead over the two ends cf the filter element 20
-5 direct the fluid thrcugh the filter element 20.
Al+ernatively, both end caps can be open or can
inciude connectors to link a stack of filter
siements. The end caps 12 and 13 may be fashioned
f-om any suitably impervious material, such as a
—etallic or polymeric material, which is compatible
with the fluid to be filtered. The end caps 12 and
13 may be secured to the ends of the filter element
20 by any suitable means, including a konding agent
suca as an adhesive or a potting compound.
Alternatively, the end caps 12 and 13 may be melt-
sonded to the ends of the filter element 20 or
“oined by means of spin bonding or sonic welding.
mwe ends of +the hollow core 11 may be secured to the

-ad

-wo end caps 12 and 12 by similar neans.

7543 /mht/ves -8=-
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The filter element 20 itself can be configured
in a variety of ways. For example, the filter
element can have an upstream support and drainage
layer, a filter layer, and a downstream support and
drainage layer. However, the present inventors
found that the fatigue resistance of a filter
element can be greatly increased by the provision of
a cushioning layer between the filter layer and
either or both of the support and drainage layers.
Figure 2 illustrates an example of such a filter
slement 20. It has a multi-layer, composite
construction including an upstream support and
drainage layer 21, a cushioning layer 22, a filter
laver 23, and a downstream Support and drainage

“aver 24. The exemplary filter element illustrated

:n Tigure 2 also includes polymeric beads 25

The support and drainage layers are preferably
very crven, allowing fluid to flow laterally and to
gnisormly distribute the fluid across the surface of
che Filter layer. Thus, the support and drainage
layers typically have a very low edgewise flow
~esistance. The support and drainage layers also
crevent the pleated surzaces of the filter layer 23
frenm ccoming into centact with one another and
therebvy reducing the eifective surface area of the

lter layer 23. The support and drainage layers do

so £v providing a positive spacing (fanning) between

27543/mht/ves -5=
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adjacent pleats of the filter layer.

Any suitable woven or nonwoven material having
good porosity can be used for the upstream support
and drainage layer 21 as well as the downstream
support and drainage layer 24. Furthermore, either
layer may be fabricated from one or more of natural
fibers, polymeric materials, and glass. In a
preferred embodiment, the upstream support and
drainage layer 21 comprises an extruded polymeric
mesh. The mesh can be fabricated from any polymeric
material, including polyester, pelypropylene, or
polyamide such as nylon, which is suitable for the

fluid being filtered and for the applicable

=41
bl

~ration parameters such as temperature. For
example, polypropylene might be preferable to nylon
for <iltering hot water. The thickness of the mesh
:s preferably in the range from about 0.25mm (0.010
‘nch) to about 0.64mm (0.025 inch) but may be less
«man 0.25mm (0.010 inch) or more than 0.64mm (0.025

inch'. The number of strands per centimeter (inch)
is rpreferably in the range from about 4 (10) to
about 12 (30) in each linear dimension but may be
less than 10 (4) or more than 12 (30). For exampile,
+he mesh may have up to 32 (80) or more strands per
centimeter (inch) in each linear dimension. The
mesn is preferably as smooth as possible to reduce
abrasion cetween it and the underlying layers.

Extruded polymeric mesh is generally preferable to

other support and drainage materials, Zincluding

317543 /mht/ves -7 -
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woven and nonwoven fibrous webs and polymeric
netting, because it is so smooth and because it
typically does not shrink during fabrication and
corrugation of the filter element. An extruded
polymeric mesh available from Nalle Corporation is
particularly smooth. For example, it has no
significant irregularities such as knobs at the
intersections of the strands of the mesh which might
otherwise abrade the filter layer. A nylon mesh
available from Nalle Corporation under the trade
cdesignation NIF020S 13x13, where 020 indicates the
-=ickness in thousandths of an inch and 13x13,
indicates the number of strands per linear inch in
-he x and y directions, is especially preferred.
incther example of a suitable material for the
pstream support and drainage layer is a nylon

-

neathed polyester nonwoven material sold by BASF of

n

.......

~=1back 50. However, a Nalle extruded mesh is
creferable to Colback 50 because it is less abrasive

~asults in a significantly higher dirt capacity.

£,

an
A principal purpose of the cushioning layer 22
is to prevent abrasion between the support and
drainage layer and the filter layer. The support
and drainage layer typically has good drainage
srcperties because it is fashioned from relatively
arge fibers or £filaments. Consequently, it
generally has a rougher surface than the filter

_aver. When such a material is laminated directly

-7543/mnt/ves -8-
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to the filter layer 23, significant abrasion of the
filter layer 23 results when the filter element 20
undergeces flexing, for example, due to pressure
cycles, and the support and drainage layer
repeatedly rubs against the filter layer. However,
when a cushioning layer 22 which is smoother than
the upstream drainage layer is interposed between
the support and drainage layer and the filter layer
23, the abrasion of the filter layer 23 can be
greatly reduced, resulting in an increase in the
useful life of the filter element 20.

The cushioning layer 22 is preferably formed of
a thin, very porous material. For example, the
cushicning layer preferably has a thickness of less
shan 100 micrometers. It is also preferably formed
svom a material which can be characterized as smooth
~r as smooth and tough. For example, it may be a
~on-aprasive, nonwoven material with a high tensile

strength. A preferred material for the cushioning
aver -2 is a wet-laid polyester nonwoven material
sclé ry Hirecse Corporation under the trade
designation 05TH08. Other preferred materials
include a nylon nonwoven material available from
siberweb North America Inc. under the trade
designation Cerex and a nenwoven polyester material
availaple from Reemay Corporation under the trade
designation Reemay, such as Reemay 2006 or Reemay
2280. OFf these materials, the materials from Hirocse

Lo

and Reemay are most prererred. However, any

27543 /mht/ves -Q-
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suitable woven or nonwoven material which is
smoother (less abrasive) than the upstream drainage
layer 21 may be used.

The filter layer 23 may be selected in
accordance with several factors, including the
nature of the fluid being filtered, the nature and
s1ze of the contaminants in the fluid, and the
acceptable préssure drop across the filter element
50. The filter laver 23 may be any suitable filter
—edium. For example, the filter medium may be
=ashicned as a membrane cr a woven or nonwoven
sivrous sheet and may be fabricated from a natural
cr synthetic polymer or glass. Thus, the filter
-edium may comprise a nonwoven sheet principally
inciuding cellulose fibers or essentially consisting

o7 ziass fibers with a resin binder. Furthermore,

st—ucture, including a graded pore structure, and
anv desired rated pore size. However, the rated
scre size of the filter layer 23 is preferably less
-=an the rated pore size of the upstream or
dcwnstream support and drainage layers. In a
creferrad embodiment, the filter layer 23 comprises
a suitable grade of a glass fiber acrylic bonded

wedium with an integral substrate providing

déi<icnal strength. Preferred media, including a

$u

ami1lv of fibrous filter media having various binder

Al 54

ty

-asins. are available from Pall Corporation under

-ne -rade names Ultipor and Pallflex.

——a - a
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The downstream support and drainage layer 24
typically has greater mechanical strength than the

filter layer 23 and therefore serves to protect the
more delicate filter layer 23 from tearing or

distertion during ccrrugation or use. One example

PR

of a suitable material for use as the downstream
drainage layer 24 is a paper available frem Dexter

Ccmpany under the trade designation T-244.
Mﬁf‘bﬂ{‘*
As shown in Figure %Q the filter element 20 may

inciude polymeric beads 25 formed on the downstream
sur=ace of the downstream support and drainage layer
-+ on each of the pleats 26 of the filter element

20. Within each pleat 26, the beads 25 are joined
{al- 28 Se= e S0
s themselves/and serve as spacers to define flow
S (32 Frpure <)

channels 27 within the pleat 2iiénd ensure proper
s1uid flow through the pleat 26. It is also
cossikle to provide polymeric beads 25 on the
upstream side of the filter layer 23 as well as on
~=2 downstream side.

The volymeric beads 25 may be formed freom a

-aa

sariety of materials including many thermoplastic cr
thermosetting materials. Thus, the polymeric beads

res

25 may be formed from a material comprising a
zolyester, polyamide, cor polyolefin resin.
Furchermore, the polymeric beads 25 may be applied

1T ™
e

arallel strips along the downstream surface of
~he downstream support and drainage layer 24 in any

suitable manner. For example, the polymeric beads

25 mav be formed from a hot meit adhesive and

37543/mht/ves -11-
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aprlied continuously from an evenly spaced multi-
orifice dispensing head with the downstream support
and drainage layer 24 moving under the dispensing
nead, preferably at a censtant velocity, producing
several continuous, parallel beads. The hot melt
adhesive may be applied to the downstream support
and drainage layer 24 eithier befcre or afte22§ilter
element 20 has been formed into a composite.

In a modification of this method, the hot melt

dhesive may be applied intermittently from the

34

ispensing head or Irca an unevenly spaced multi-

[¢8

ice dispensing head to produce several

t

-
-

O

discentinuous, parallel beads or several unevenly
spaced parallel beads. In other alternatives, a
sranular polymeric material may be applied by
sxtrusion from a multi-orifice extrusion head; a
iastisol polyurethane may be applied from a multi-
srifice dispenser and then cured with an in-line
heating device; or a solvent based adhesive or
cotting compound may be applied from a multi-orifice
iispenser and the solvent may then be flashed by a
neating/ventilation device.

As applied to a support and drainage layer 24,
~he bead material preferably has a surface tension
nigh enough to prevent excessive wetting of the
support and drainage layer 24 or wicking through the
suppcrt and drainage layer 24 but not so high as to
crevent adhesion between the beads 25 and the

support and drainage layer 24. This minimizes flow

37543 /mht/ves -i2-
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restriction through the exemplary filter element
since the surface of the support and drainage layer
-4 which is in contact with the beads 25 is
effectively blocked. The contact angle between the
reads 25 and the downstream drainage layer 24, as
measured by the Sessile method, may preferably be in
the range from about 100° to about 120°.

vVarious cross-sectional shapes of the beads 25
are suitable. The most preferred shape has a
needle-like cross secticn. This shape minimizes the

ntacrt area between the bead 25 and the support and

~
w~—rdd

0

rainage layer 24. However, this shape is difficult

(98

o precduce at reasonable production rates. For
ilarge scale producticn, a generally circular cross
secticn is preferred. Other suitable shapes include

-riangular, diamond, sguare, and rectangular cross

secticns.

mhe size of each bead 25 and the spacing
setween the beads 25 may vary. The size of the
seads .5 is determined by the size of the orifice in
~he dispensing head, the relative velocity between
the dispensing head and the downstream drainage
~aver 24, and the viscosity of the bead material.
Tor many applications, the diameter of the beads may
creferably be in the range from about 0.1 to about
1.3 nmillimeter (about 4 to about 20 mils).

The spacing between beads 25 is prerferably

selected so that the stress deformation, i.e.,

serflection, of -he pleated composite satisfies both

27543 /mht/ves -13-
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of the following conditions: (1) the elastic limit
of the filter medium comprising the filter layer 23,
i.e., the maximum unit of stress beyond which the
filter medium will not return to its original shape,
:s not exceeded and (2) the deflection of the
composite during normal operation does not increase
the flow resistance in the flow channels 27 more
+han 10 percent. For many applications, the spacing
between evenly spaced beads 25 is preferably such
~hat about 2 to about 8 keads per centimeter (about
5 +5 about 20 beads per inch) or, more preferably,
spout 3 to about 5 beads per centimeter (about 8 to
about 15 beads per inch) are applied to the
sownstream drainage layer 24.

Oonce the beads 25 have been applied to the
scwnstream-support and drainage layer 24, then the
Lpstream support and drainage layer 21, the
susnioning layer 22, the filter layer 23, and the
downstream support and drainage layer 24 with the
veads 25 are fed into a corrugator, such as a
chandler "grab and fold" type corrugator or a
Raborsky "cam actuated blade" type corrugator. The
-rarious layers of the filter element may be formed
into a composite before being fed into the
corrugator, or layers including the downstrean
support and drainage layer 24 with the beads 25 may

e fed individually into the corrugator, which then

u

srms the composite at the same time it forms the

~leats 6 in the filter arrangement 10. It is

1)
~
n

43 /mht/ves -14-



)

(@)

t)

N

(9]

m

m

typically preferable to preheat the extruded
polymeric mesh before it enters the corrugator so it
will set well after the composite has been
corrugated.

Figure 3 is a perspective view of an example of
a composite filter element 20 prior to corrugation,
Figure 4 is an elevation of a portion of the filter

(el S A oA crrn

element 20 after corrugation, and Figure Biis a
transverse cross-sectional view taken along Line V-
v of Figure 4 of a portion of the corrugated filter
esiement 20. As shown in Figures 4 and 3, each pleat
26 extends generally perpendicularly to the beads 25
and includes an open end 26a, a bight end 26b, and
si-st and second opposing sides 26c, 26d. The
pcrtiongzgf each bead 25 which extend along the
oprosing sides 26c, 26d of each pleat 26 are joined
-s one another, defining flow channels 27 within
each pleat 26 between adjacent beads 25 and the
cprosing sides 26c, 26d. Because the downstrean
suppor: and drainage layer 24 and beads 25 are
preferably positioned on the downstream surface of
+he filter layer 23 to resist the pressure drop
across the filter 10 during normal operation, the
clow channels 27 are preferably drainage channels.

care should be taken in the alignment of the
support and drainage layer 24 within the corrugatoer
- ensure that the beads 25 oppose themselves in the

28

pleats 26 so the cpposing portionsLof the beads 25

can te joined. ZIf the beads 25 are formed from a

37543 /mht/ves -15-
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hot melt adhesive, heated panels in the corrugator
may be used to tack the beads together. Beads
comprising other types of materials may regquire
ccating by an adhesive or softening by a solvent for
this purpose. After the filter element 20 has been
ccrrugated, it may be desirable to set the tacked
beads in a forced convection oven. It may also be
desirable to cure any binders in the filter medium
of *he filter layer 23 at the same time the beads 25
are being set. Alternatively, the beads z3 may be
set and the filter medium may be cured in a tunnel
~ven during a continucus production process. of

surse, the setting of the beads 25 and the curing

O

~he filtar medium should be done at temperatures

id as

9]
H,
(t

which are not deletericus to the other components of
~ne fil*er. Furthermcre, all of the cured
scmponents of the filter element should be
cempatible with the fluid to be filtered.

Tn corrugating the filter element 20 and
setting the beads 25, each bead 25 in the pleat 26
s prerferably joined to itself the entire distance
=rcm the bight end 26b to the open end 26a of the
pleat 26. Furthermore, the radius at the bight end
26b of “he pleat 26 is preferably as small as
possible, and preferably essentially zero, to
qaximize resistance to fatigue failure which may
-esult “rom flexure of the filter element 20 during

nulsating flow conditions. However, the beads 25

qusT not be cver-compressed, since over-compression

27543 /mht/ves -16-
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would cause excessive blinding of the filter element
20 and would reduce the cross-sectional area of the
flow channel 27. Thus, when corrugating the filter
element 20, it may be desirable to secure the filter
element 20 in a spring-loaded fixture with positive
stops to prevent over-compression and a siight
reverse-curve to ensure the minimum radius at the
bight end 26b of the pleat 26.

By joining the opposing portions of each bead
25, the flow channels 27 within each pleat 26 remain
-eiatively open even when the filter 10 is used to
sii+er a pulsating flow at high differential
cressures. Thus, the filter element has a dgreater
~asistance to flow fatigue and therefore provides
—ore reliable service and a greater service life
—han many conventional filters.

Alternatively, the downstream support and
drainage layer may ccmprise an extruded polymeric
—esn such as that described with respect to the
upstrean suppert and drainage layer. For example,
~~e downstream support and drainage layer may be an
extruded mesh available from Nalle Corporation, such
as the extruded nylon mesh available under the trade
designation NIF020S 13x13.

If the extruded mesh is sufficiently smooth, it

may te preferable not to include a cushioning layer

‘between the filtering layer and the downstream

extruded mesh laver. Alternatively, a cushioning

aver mavy be pesiticned between the filtering layer

27543 /mht/ves -17-



and the downstream mesh. The characteristics of the
cushioning l;;er between the filtering layer and the
downstream mesh are very similar to those of the
cushioning layer between the filtering layer and the
upstream mesh. However, the downstream cushioning
léyer also preferably has sufficient strength to
withstand the forces associated with the pressure
drop across the filtering layer. The preferred
materials listed for the upstream cushioning layer
are also the preferred materials for the downstream
cushioning layer.

2 number of preferred examples of composite

pleated filter elements are listed below.

27543 /mht/ves -18-
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Element A

Upstream s/d layer - Nalle extruded mesh
(NIF.013-13-13)

Cushioning layer - Hirose wet-laid
polyester nonwoven
(05THO8)

Filter layer - Pall Ultipor medium
(suitable grade)

Downstream s/d layer - Dexter Company T-244

Polymeric bead spacers - Hot-melt adhesive

Element B
Upstream s/d layer = Nalle extruded mesh

(NIF020S 13x13)

Cushioning layer - Reemay 2006 nonwoven

polyester

Filter layer - Pall Ultipor medium
(suitable grade)

ushioning laver - Cerex nylon nonwoven
(suitable grade)

Downstream s/d layer - Nalle extruded mesh
(N1F020S 13x13)

Ziement C
Upstream s/d layer - Nalle extruded mesh

(NIF.013-13-13)

Cushioning layver - Cerex nylon nonwoven
(.4 oz/sg. yard)
Tilter layer - Pall Ultipor medium
(suitable grade)
Downstream s/d layer - Dexter Company T-244
Polymeric bead spacers - Hot-melt adhesive

37543/mht/ves -i9-



w

[
[§]]

Element D

Upstream s/d layer -

Cushioning layer -

Filter layer -

Downstream s/d layer -

Polymeric bead spacers =

Colback 50

Hirose wet-laid
polyester nonwoven
(0STHO8)

Pall Ultipor medium
(suitable grade)

Dexter Company T-244
Hot-melt adhesive

Element E

Upstream s/d layer -

Cushioning layer -

Tilter layer -

Sownstream s/d layer -

Polymeric bead spacers -

Colback 50

Cerex nylon nonwoven
(.4 oz/sg. yard)

Pall Ultipor medium
(suitable grade)

Dexter Company T-244
Hot-melt adhesive
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Of these five examples, Elements A and B are
the most preferred partly because the Nalle mesh has
greater dirt capacity than Colback 50.

One of the major limiting factors on the life
of a filter is the dirt capacity of the filter
element of the filter. When the filter element
becomes loaded with dirt, it is usually necessary tc
replace the filter. Frequent replacement of a
filter is uneconomical due to both the cost of the
fil+=er and the cost of the labor involved in its
replacement.

The present inventors discovered that if a
pleated filter element is enveloped in a wrap member
naving openings, the dirt capacity of the filter
element can be greatly increased compared to that of
an unwrapped pleated filter element or compared to
~hat of a pleated filter element completely
anveloped in a wrap member.

There may be several reascons why the dirt
capacity is increased. The wrap member may help TO
naintain the spacing between adjacent pleats of the
#i1+-er element. For example, in a clean, unwrapped
iter, a flow drag force on the apexes of the
mleats can cause some of the adjacent pleats to
pinch together. This reduces the effective surrace
area and therefore the userful life of the filter.
By croviding the filter with a wrap member which 1is
ioined to the peaks of the pleated filter element,

adjacent pleats are restrained from pinching

27543 /mht/ves -21-
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together. By providing the wrap member in
combination with the polymeric bead spacers, the
pleats are restrained even further. Therefore, thé
effective surface area of the filter is maximized
and the userful life is significantly increased.

A wrap member also restrains movement of the
pleats of a filter element when subjected to cyclic
pressure fluctuations. As a result, abrasion caused
by movement of the pleats is decreased, and the life
span of the filter element is further increased.

Tn addition, the wrap member may preduce a more
sniform flow distributicn over the length of the
si1+ar, In an unwrapred filter, flow through the
si1+ar element can be uneven. For example, when a

-

-n=ocugh the filter element may be greatest in the

o dam

srea closest to the inlet of the filter housing.

~neven flow causes dirt to ke unevenly deposited on
silter element, ancd the uneven distribution can
-educe the userful life of the filter. BY providing
-ne filter with a wrap member having openings, the
s1ow can be distributed more evenly along the filter
iement, increasing the useful life of the filter.

The results precduced by a wrap member are
striking. For example, a filter element wound with
-he wrap member is expected to have a dirt capacity
spout 10% to 20% higher than the dirt capacity of a
similar unwrapped filter element.

The wrap member also helps a filter element to

Uy
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resist radially outwardly directed forces and can
prevent the filter element from swelling ocutward
during pressure fluctuations in which the filter
element is momentarily subjected to a negative
diffarential pressure.

Figure 1 illustrates an example of the use of a
wrap memper with a fiiter. 1iIn the embodiment of
Figure 1, the filter 10 is equipped with a wrap
member 20 wrapped arcund the filter element 20 and
naving copenings formed therein for the passage of

In this empodiment, the wrap member 30 is a

el-sided strip 31 of flexikle material which

N
V]
H
]
[ o]
|“

irally wrapped about the filter element 20 in a

b
n
n

H¢)
'
H

rality of turns. The spiral turns have a pitch

'
}_5
[

+han the width of the strip 31 so the

¢ in the wrap member comprise a spiral gap 232

srening
~ecrween adjacent turns. The spiral strip 31 nay ke

any suitable material which is compatible

k-,

made C

sie= =he fluid@ the keing Ziltered. Since much of

Y d was was

-ne =2uid being filtered reaches the filter element

O

-arzugn the openings in the wrap member, the wrap

- adn -

need not be permeable to the fluid, although

memcer

in a preferred embodiment it is permeable. For many

appiications, a porcus, polymeric, nonwoven material
trade

avallable from Reemay Corporation under the

iesicnaticn Reemay is suitable. Laminates of the

Zeemav material can also ce employed. Examples of

~ther suitable materials are oil poard paper and

-

ilm. The material can ce selected in

nviar
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accordance with the desired reverse flow strength of

+he filter element.

The spiral strip 31 can be secured to the outer
sursace of the filter element 20 by any suitable
neans. One means of attaching the spiral strip 31

the filter element 20 is by a bonding agent, such

~
e

t

2 hot melt adhesive, which is applied to the

]
n

strip 31 as it is wound arcund the filter element
50. The bonding agent 33 can be applied to the
striz 31 in the form cf a continuous or intermittent
4 which spirals arcund the filter element 20
rarallel to the edges of the strip 31.
yl=arnatively, the strip 31 may be fusion bonded to
ii+er element 20 by a hot wheel which travels
wn the filter as the filter rotates.

The openings of the wrap member are preferably

~ibured uniformly along the filter element 20,

- -t

0]
ol

zizhcugn a neonuniform distribution may be used. ToO
crevent the wrap member from becoming loaded, the
size of the openings should be large enough to allow
zhe rassage of virtually all of the particles
~sntained in the fluid being filtered. Furthermore,
~ns total area of the openings is generally less
-han 50% of the total surface area of the surface
derined by the peaks of the pleats, i.e. , the
svlinder circumscribing the peaks of the pleats of
-ne illustrated filter element. More preferably the

-s-al area of *he openings is in the range from

apout 5% to about 30% cf the total area of the

L
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surface defined by the peaks of the pleats. For
example, in one embodiment, the filter element has an
11.4 centimeter (4.5 inch) outer diameter and a 22.25
centimeter (8.75 inch) length, (i.e. an area of 796.5
sq cms). The spiral strip 31 has a 3.8 centimeter (1.5
inch) width, and the spiral gap 32 between adjacent
turns has a 6.35 millimeter (0.25 inch) width, and has
an area of 113.8 sg cms and thus occupies 14.3% of the
area defined by the peaks.

The filter 10 of Figure 1 can be manufactured in
any suitable manner. For example, a composite filter
element 20 having a standard axial length typically
1.07 meters (42 inches) can be formed using a
corrugator in substantially the same manner as
described previously. The core 11 is then inserted
into the filter element 20 and the assembly is mounted
on a mandrel. While the filter element is rotated on
the mandrel, a spiral strip 31 is wrapped around the
filter element 20 so as to leave a gap 32 of a desired
size between turns. As the strip 31 is wrapped around
the filter element 20, a hot melt adhesive 33 is
applied to the inner surface of either the strip 31,
the outer surface of the filter element 20, or both to
bond the strip 31 to the filter element 20.
Alternatively, a hot wheel may be run along an edge of
the strip to fuse the strip to the peaks of the pleats.
The wrapped filter element 20 is then cut to a suitable
length and the end caps 12 and 13 are fitted over the
ends of the filter element 20 and the spiral strip 31.
The flanges of the end caps 12 and 13 fit over the
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ends of the spiral strip 31 and prevent it from
unwinding.

Figure 6 illustrates another embodiment. The
embodiment has a wrap member 40 in the form of a
spiral strip 41 having cpenings in the form of
perforations 44 formed in the strip 41 itself.

These perfcraticns 44 serve the same function as the
spiral gap 32 of the embodiment of Figure 1 and
increase the dirt capacity of the filter element 20.
The perforations 44 are preferably formed in the
spiral strip 41 prior to its being wrapped around
the filter element 20, since punching the

ations 44 in the strip 41 after wrapping could

'
1
¥
i
QO
H

damage the filter element 20. The adjacent turns of
~he perforated spiral strip 41 can be separated from
cne another by a spiral gap, as in the embodiment of
Tigure 1, so the openings comprise both the
cerZcraticns and the spiral gap. However, the wrap
—emper 40 may have greater strength if the edges of
agiacent turns partially overlap one another, as
shewn in Figure 6. The spiral strip 41 has a first
edge 42 and a second edge 43. The first edge 42 may
ne ponded directly to the filter element 20 with a
vonding agent 45, while the second edge 42 may
sverlap and be bonded to the first edge 43 of the
adjacent turn of the strip 41. The structure of
-his embodiment is otherwise substantially the same

is that of the embodiment of Figure 1.

The wrap member need not be wrapped spirally
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around the filter element 20. Figure 7 is an
elevation of another embodiment having a wrap member
comprising a plurality of strips 51 of a flexible
material which are wrapped circumferentially around
~he filter element 20 in a plurality of parallel
+urns. Adjacent turns cf the strips 51 are
separated from one another by circumferentially-
extending gaps 52 which comprise the openings. The
ends of each strip 51 overlap and are bonded to one
ancther, and the strips 51 can also be attached to
-=p filter element 20 by bonding. The
~sumferentially-extending gaps 52 of this

~
A e e

ampodiment function in the same manner as the spiral

cap 32 of Figure 1 and increase the dirt capacity of
~»o filter element 20. Although a wrap member S0
-siz=h circumferentially extending strips 51 is

ffactive for increasing the dirc capacity of the

U]

sil+ar, such a filter is more complicated to
—anufacture than a filter having a spiral wrap
—emper, and therefore a filter with a spiral wrap
memper is generally more economical than one of the
tvpe illustrated in Figure 7.

~he embodiments of Figures 1 and 6 employ only
a single spiral strip to form the wrap member.
Figure 8 illustrates another embodiment which
diffars from the embodiment of Figure 1 in that it
nas a wrap member 60 which comprises two strips 61

and 52 which are spirally wound around the filter

aiement -0 in parallel, with each strip forming a

37543 /mht/ves -27-
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plurality of turns. The strips are separated by
spiral gaps 63 which comprise the openings 61. The
structure of this embodiment is otherwise the same
as that of the embodiment of Figure 1. There is no
iimit on the numper of strips which can constitute
the spiral wrap.

rigure 9 illustrates another embodiment having
a wrap member 70 in the form of a strip 71 of mesh
which is wrapped spirally around a filter element.

In —his embodiment, the openings in the wrap member

oy

~~ =re constituted by the mesh openings 72. The
ize of “he mesh will depend upon the properties of
na “luid being filtered, the flow rate, and other
sactors, but a mesh with a mesh size of about 12
scunts per centimeter (about 30 counts per inch) is
generally satisfactory. The material which is used
so» —he mesh will depend cn the type of £luid being
—~sated. Examples of suitable types oI mesh are a
xn:c=ed sock or a polymeric mesh. A polymeric mesh
~as the advantage that i1t can be directly connected

i1ter element 20 by fusion bonding without

- = la -
-

-
[ —ad -

—re nreed for an adhesive. The structure of this
embcdiment is otherwise the same as that of the
ampcdiment of Figure 1.

-n the exemplary empodiments, the filter
slement is intended for use with cutside-in radial
£i1yid flow. However, iI the positions of the
upstream and downstream Support and drainage layers

and -4, =he cushicning layer 22, and the

~a
o -
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polymeric beads 25 with respect to the filter layer
23 are switched, the filter element can be used for
ingside-out radial flow. In a filter element for
inside~out radial f£low, the upstream support and
drainage layer would extend along the inner surface
of the filter layer 23 (the surface closest to the
radial center of the filter), the cushioning layer
would be positioned between the upstream support and
drainage layer and the filter layer, and the
downstream support and drainage layer would extend
alcng the outer surface of the filter layer 23 with
the polymeric teads 25 adhered to the outer surface
o the downstream support and drainage layer rather

—ad

==an =o the inner suriface.
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CLATIMS

1. A filter comprising : )
a pleated filter element including longitudinally

extending pleats having peaks and
a wrap wrapped around the filter element and

having openings for increasing the dirt capacity of the
filter element, the total area of the openings being
less than about one-half of the total area of the

surface defined by the peaks of the pleats.

2. A filter as claimed in claim 1 wherein the

wrap ccmprises a striz of material spirally wrapped
nd the filter element In a plurality of turns

~d ==e openings ccmprise a spiral gap between

Saa ~—aa

il
£

<zcent turns.

. A filtar as claimed in claim 1 wherein the
material spirally wrapped
=round the filtar element and the openings comprise

cc “crmed in the strip of material.

: A filter as claimed in claim 3 wherein the
str:r is wound around the filter in a plurality of

-..~=s and the edges of adjoining turns overlap one

-——-

Z2ncTner.

=. A filtsr as claimed in ciaim 3 wherein the

(e

-=~-= i3 wound arcund the filter in a plurality ot

— ol -
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turns and the openings further comprise a spiral gap

between adjacent turns.

A filter as claimed in claim 1 wherein the

6.
wrap ccmprises a plurality of strips of material

e openings

—db

wound arocund the filter element in the
b T

2
circumferential directicn and wherein
comprise a circumferential gap between adjacent

strips.
il-er as claimed in claim 1 wherein the

7. A fi
wrap comprises a plurality of strips of material

10
wound spirally arcund the filter element and wherein

e openings comprise spiral gaps between adjacent

- b

—ad

>~ -s
.

A filter as claimed in claim 1 wherein the

~

D
wrap ccmprises a mesh which is spirally wrapped

ar element.

- F-R I
bo! .L.l-»\.

arcund th
A filter as claimed in claim 1 wherein the

-~
=

wWwrap ccmprises a porcus material.

A filter as claimed in claim 1 wherein the

~0. i
area of the openings in the wrap is in the range

ram 6% to 30% of the surface defined by the peaks

of +<he vleats.
er as claimed in any preceding clain

.- £ 7+
A filt
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wherein the filter element comprises a composite
including a filter layer, a support and drainage .
layer on the upstream side of the filter layer, and

polymeric bead spacers on the downstream surfaces of

the pleats.

12. A filter as claimed in claim 11 further
comprising a cushioning layer disposed between the
upstream support and drainage layer and the filter
layer and comprising a material which is smoother

zhan the upstream support and drainage layer.

12. A filter element comprising a pleated
ccmpesite having a Zilter layer, a support and
drainage layer, and means disposed between the
silter layer and the support and drainage layer for

resisting abrasion cf the filter layer by the

support and drainage laver.

-:. A filter element as claimed in claim 13
wherein the abrasion resisting means includes a
cushioning layer having a material which is smoother

than the support and drainage layer.

15, A filter element as claimed in claim 14
<herein the cushiocning layer comprises a smooth,

corcus non-woven material.

-5. A filter element as claimed in claim 14 or

37543 /mht/ves -32-
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15 wherein the material comprises a nylon or a

peolyester.

17. A filter as claimed in any one of claims
-i1-16 wherein the material comprises a polyester
nonwoven material available from Hirose Corporation

under the trade designaticn CS5STHO8.

18. A filter element as claimed in any one of
claims 14-16 wherein the material comprises a
Lyester nonwoven material available from Reemay

v~
et Nt ot
-

Corroratien.

19. A filter element ccmprising:
a pleated compesite including first and
secend extruded polymeric mesh layers and a

s:1+aring layer positioned ketveen them.

20. A filter element as claimed in claim 19

snerein the rleated ccmposite further includes a

-sv cusnioning layer rositioned between the first

—

(BN

mesh laver and the filtering layer.

~. A filter element as claimed in claim 20

)

wnerein the pleated composits further includes a

nd cushicning laver pcsitioned between the

0

ec

Us

eccné nmesn laver and the filtering laver.

1
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claims 19-21 further comprising a wrap wrapped

around the pleated ccmposite.

23. A filter element comprising:
a pleated ccmpcsite including an extruded
polymeric mesh layer and 2 filtering layer and
a wrap wrapped arcund the pleated

composite.

54. A filter element as claimed in claim 23

-inersin the filtering layer has an upstrean side and

i

~ne mesh layer is positioned along the upstream side

oFf =he filtering iayer.

5. A filter element as claimed in claim 23
wherein the filtering layer has a downstreanm side
2nd the mesh layer is positioned along the

ad

iawnstream side of the filtering layer.

=¢. A filter element as claimed in claim 23,

z =~ 25 wherein the pleated composite further

I,
ccmprises a cushioning layer between the mesh layer

and the filtering laver.

27 A filter element as claimed in any one of
~lajims 22-26 wherein the wrap is joined to the peaks
~f the pleats and has openings for increasing the

irv capacity of the filter element.
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28. A filter element as claimed in any one of
claims 19-27 wherein each mesh layer is in the range

fvmm 0.25 to 0.64 millimeter (0.010 to 0.025 inch)

do -’

thick.

29. A filter element as claimed in any one of

(8]}

claims 19-28 wherein for each mesh layer the number
of strands in the x and y directions is in the range

frem 4 to 12 per centimeter (10 to 30 per inch).

10. A filter element as claimed in any one of

-~

iaims 19-29 wherein each polymeric mesh layer

ccmprises polyester, polyprcpylene, or polyamide.

21. A filter as claimed in Claim 1 substantially

as specifically describked herein with reference to the

acccmpanying drawings.

3. A filter element as claimed in Claim 19 or 23

supstantially as specifically described herein with

~-aference to the accompanying drawings.
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