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(57) Filtre comportant un élément de filtre constitué
d’une succession de plis intérieurs jointifs. Ces plis
comportent des extrémités de plis qui définissent une
limite extérieure de 1’élément de filtre. La totalité de la
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disposés de facon aléatoire et liés entre eux au niveau de
points de jonction entre les filaments et définissant une
pluralit¢ d’ouvertures a I’espacement et & la forme
aléatoires, ce qui permet 1’écoulement sensiblement libre
d’un fluide 4 travers la feuille.
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(57) The present invention relates to a filter including a
filter element having a succession of inner connected
pleats. The pleats have successive pleat tips which define
an outer boundary of the filter element. Covering the
entire outer boundary of the filter element is a permeable
generally inelastic sheet which extends across successive
pleat tips. The sheet is adhesively affixed to the pleat tips
for maintaining spacing of the pleats. The sheet
comprises a plurality of randomly arranged plastic
filaments which are bonded to each other junction
between the filaments and define a plurality of randomly
spaced and shaped openings for allowing substantially
unrestricted flow of a fluid through the sheet.
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(54) Title: PLEATED FILTER AND A METHOD FOR MAKING THE SAME

(57) Abstract

The present invention relates to a filter including a filter element

having a succession of inner connected pleats.

The pleats have

successive pleat tips which define an outer boundary of the filter element.
Covering the entire outer boundary of the filter element is a permeable

generally inelastic sheet which extends across successive pleat tips. The
sheet is adhesively affixed to the pleat tips for maintaining spacing
of the pleats. The sheet comprises a plurality of randomly arranged
plastic filaments which are bonded to each other junction between the
filaments and define a plurality of randomly spaced and shaped openings
for allowing substantially unrestricted flow of a fiuid through the sheet.
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Field of the Invention

The present invention relates generally to
pleated filters. Specifically, the present invention
relates to pleated filters having means for maintaining
pleat spacing and methods for making the same.

Background of the Invention

The desirability of maintaining equal pleat
spacing in a pleated filter is well known in the art. By
maintaining equal pleat spacing, the surface area of the
filter is maximized which maximizes the capacity and life
of the filter and minimizes pressure drop across the
filter.

A variety of techniques have been developed for
maintaining pleat spacing in a pleated filter. For
example, U.S. Patent Nos. 3,397,793 and 4,046,697 each
disclose cylindrical pleated filters employing textile
netting wraps affixed to the pleats for maintaining pleat
spacing. The textile netting of such prior art filters
has a regular pattern of relatively large openings for
allowing fluid passage through the netting.

Additionally, the netting employed by such pricr art
filters is elastic. Due to the elasticity of the textile
netting, the pleats are not secured rigidly in place
because the netting stretches when the filter is in use
to allow circumferential flexing and ganging of the
pleats under increased operating pressures. Therefore,
during the periods of increased pressure, the existing
filters undergo periods of decreased capacity and high
pressure drop as the pleats are ganged together.

Other prior art filters, such as the pleated
filter disclosed in U.S. Patent No. 5,252,207, employ
spiral outer wraps affixed to pleat tips for maintaining
pleat spacing. However, these prior art filters require

regularly spaced relatively large openings in the outer
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wraps. The regular openings in the wraps reduce the
surface area of the pleat tips which can be bonded to the
wraps thereby reducing support provided to the pleats by
the wraps. Additionally, the spiral wraps of the prior
art filters are difficult to uniformly apply and not
practically well suited for automation. Furthermore, the
spiral wraps also cause unwanted flow patterns to the
filters thereby affecting the capacity of the filters.

Another feature of prior art filters is that
they typically employ rigid metal and plastic frames,
cores or liners for providing the filters with sufficient
rigidity to withstand operating pressures.

What is needed is a pleated filter including an
improved means for maintaining pleat spacing. Also what
is needed is a pleated filter having pleats which are
substantially held rigidly in place. Also what is needed
is a filter which is inherently rigid and employs minimal
additional frame work for support. What is additionally
needed is a filter that is ideally suited for automated

manufacturing processes.

Summary of the Invention

The present invention relates to a filter
including a filter element having a succession of
interconnected pleats. The pleats have successive pleat
tips which define a cylindrical boundary of the filter
element. Covering the boundary of the filter element is
a permeable generally inelastic sheet which extends
across successive pleat tips. The sheet is wrapped about
the filter element and preferably shrink-fitted against
the pleat tips of the filter element by application of
heat to the sheet. The sheet advantageously increases
the rigidity of the filter and maintains pleat spacing
without substantially interfering with the flow of a
fluid through the filter. '

The present invention also relates to a filter

having a pleated filter element including successive



CA 02215992 1997-10-09

WO 96/33001 ) PCT/US96/05236

10

15

20

25

30

35

pleat tips which define a planar boundary of the filter
element. The filter includes a permeable generally
inelastic sheet affixed to the pleat tips for maintaining
pleat spacing and covering the planar boundary.

Another aspect of the present invention relates
to a method for making a cylindrical filter. The method
involves providing a pleated filter element having a
succession of interconnected pleats. The pleats of the
filter element have successive pleat tips which define a
generally planar boundary of the filter element. A
permeable sheet is affixed to the pleat tips such that
the sheet extends across the successive pleat tips along
the planar boundary of the filter element. The. permeable
sheet provides sufficient structure to the filter element
to allow the filter element to be easily rolled up into a
cylinder shape such that the pleat tips define a
generally cylindrical boundary of the filter element
which is covered by the permeable sheet.

An additional aspect of the present invention
relates to constructing a filter by placing a permeable
pPlastic sheet around a cylindrical pleated filter element
and post-tensioning the plastic sheet.

A variety of advantages of the invention will
be set forth in part in the description which follows,
and in part will be obvious from the description, or may
be learned by practice of the invention. The advantages
of the invention will be realized and attained by means
of the elements and combinations particularly pointed out
in the claims. It is to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory only and are

not restrictive of the invention as claimed.

iof Description of the Drawi

The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate several embodiments of the
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invention and together with the description, serve to
explain the principles of the invention. A brief
description of the drawings is as follows.

FIG. 1 is a perspective view of a cylindrical
pleated filter that is an embodiment of the present
invention.

FIG. 2 is a sectional view of the cylindrical
pleated filter of FIG. 1 taken along section line 2-2 of
FIG. 1.

FIGS. 3A-3B illustrate two constructions of
sheets used to retain pleat tips of a pleated filter.

FIGS. 4A-4E illustrate a method for making the
cylindrical pleated filter which is embodied in FIG. 1.

FIG. 5 is a perspective view of a flat pleated

filter which is an embodiment of the present invention.

Detailed Description of the Invention

Reference will now be made in detail to
exemplary embodiments of the present invention which are
illustrated in the accompanying drawings. Wherever
possible, the. same reference numbers will be used
throughout the drawings to refer to the same or like
parts.

Referring to FIGS. 1 and 2, there is
illustrated a cylindrical filter 20 in accordance with
the principles of the present invention. The filter 20
preferably includes a first end cap 22 that opposes and
is generally parallel to a second end cap 24. The first
and second end caps 22, 24 are preferably circular plates
constructed of metal or plastic. The first end cap 22 is
solid throughout while the second end cap 24 is annular
and defines a circular hole 25 that is concentric with
the center of the second end cap 24. The first and
second end caps 22, 24 each include a raised lip 26 that
extends around the entire circumference of each end cap
22, 24.
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The cylindrical filter 20 also includes a
filter element 28 which is oriented between the first end
cap 22 and the second end cap 24. The filter element 28
has a first end 30 inserted within the raised lip 26 of
the first end cap 22 and adhesively affixed to the first
end cap 22. Similarly, the filter element 28 has a
second end 32 inserted within the raised lip 26 of the
second end cap 24 and adhesively affixed to the second
end cap 24.

The filter element 28 is preferably composed of
corrugated filter paper or a like material which is
folded to form a succession of interconnected pleats 34.

The pleats 34 have successive outer pleat tips 36 which
define a generally cylindrical outermost boundary of the
filter element 28. Each of the outer pleat tips 36 has
an outermost edge 37 which extends longitudinally between
the first end cap 22 and the second end cap 24.
Similarly, the pleats 34 also have inner pleat tips 38
which define an innermost boundary of the filter element
28. The innermost boundary of the filter element 28 is
generally cylindrical and is in general axial alignment
with the circular hole 25 in the second end cap 24. Each
of the inner pleat tips 38 also has an innermost edge 39
that extends longitudinally between the first end cap 22
and the second end cap 24.

An additional component of the cylindrical
filter 20 is a permeable generally inelastic first sheet
40 comprising a liner which tightly covers the entire
outermost boundary of the filter element 28. The first
sheet 40 is preferably wrapped once about the filter
element 28 such that the first sheet 40 extends across
successive outer pleat tips 36 and is preferably
adhesively affixed to the outer pleat tips 36. It is
desireable for the first sheet 40 to have end portions
overlapping at a first seam 42 which extends
longitudinally from the first end cap 22 to the second
end cap 24. However, it will be appreciated that the end
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portions of the first sheet 40 may be flush with each
other and reinforced by a thin strip of sheet material
(not shown) or a layer of adhesive thereby forming an
abutted longitudinal seam. ,

It is preferred for the wrapped first sheet 40
to be post-tensioned by shrink-fitting the first sheet 40
tightly against the outer pleat tips 36 through the
application of heat to the first sheet 40. Furthermore,
it is also preferred for the first sheet 40 to be
adhesively affixed to essentially the entire outermost
edge 37 of each of the outer pleat tips 36.

It has been determined by the inventors that
because the first sheet 40 has a single longitudinal seam
42 and is post-tensioned tightly against the outer pleat
tips 36, the first sheet 40 extends tautly across the
successive outer pleat tips 36 without having any
substantial slack or wrinkles. Additionally, the
tensioned first sheet 40 exerts uniformly distributed
centripetal forces against the outer pleat tips 36 which
are balanced against a pefforated structural inner liner
41 of the filter 20 preferably constructed of metal or
plastic. The balanced centripetal forces increase the
rigidity of the filter 20 and assist in maintaining equal
spacing of the pleats 34.

It will be appreciated that the first sheet 40
also may serve the purpose of protecting the filter
element 28 during assembly and use of the filter 20
thereby eliminating the need for an additional protective
covering such as a conventional outer liner constructed
of perforated metal or plastic.

The cylindrical filter 20 further includes a
permeable generally inelastic second sheet 44 comprising
a liner which preferably covers the entire innermost
boundary of the filter element 28. The second sheet 44
extends across successive inner pleat tips 38 and is
adhesively affixed the inner pleat tips 38 in order to

maintain spacing of the pleats 34 and to provide
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additional rigidity to the filter element 28. For some
filtering applications, the second sheet 44 provides
sufficient support to the filter element 28 to eliminate
the need for the additional structural support provided
the structural inner liner 41 of the filter 20.

Referring to FIGS. 3A and 3B, the first and
second sheets 40, 44 each preferably comprise a plurality
of randomly arranged filaments 46 made of a plastic
material such as polyester, polyamide or polypropylene.
The filaments 46 are bonded to each other at Junctions 48
between the filaments 46. It will be appreciated that
the filaments may be straight, as shown in FIG. 3A, or
crimped as shown in FIG. 3B.

The plurality of randomly arranged filaments 46
define a plurality of randomly spaced and shaped openings
50 within the first and second sheets 40, 44. Due to
their random arrangement, the filaments 46 provide equal
strength in all directions. Additionally, the filaments
46 are relatively inelastic as compared to the typical
forces exerted on the sheets 40, 44 during use of the
filter 20. In this regard, it has been determined by the
inventors that the relative inelasticity of the filaments
46 minimizes stretching of the sheets 40, 44 thereby
allowing the sheets 40, 44 to firmly maintain the spacing
of the pleats 34.

It has also been determined by the inventors
that important physical characteristics of the first and
second sheets 40, 44 relate to their permeability and
thickness. In this regard, it is desirable for the first
and second sheets 40, 44 to each have a Frazier air
permeability greater than 500 and a thickness less than
0.009 inch. It has further been determined that under
most filtering conditions, first and second sheets 40, 44
designed within the above established parameters perform
substantially no filtering function and experience
substantially no contaminant loading. Additionally,
pressure drops caused by the first and second sheets 40,
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44 are substantially undetectable as compared to the
pressure drop caused by the filter element 28 and the
contaminants collected thereon.

It will be appreciated that in certain
conditions it may be desirable to employ first and second
sheets 40, 44 having a Frazier air permeability less than
500 and a thickness greater than 0.009 inch. It will
further be appreciated that for certain other
conditions, it may be desireable for the first and second
sheets 40, 44 to pexform a filtering and/or agglomeration
function. N
It will be further be appreciated that Reemay
Corporation manufactures a polyester fabric sold under
the trade name Reemay which can effectively be used as
the first and second sheet 40, 44. Reemay Corporation
also manufactures a polypropylene fabric under the trade
name Typar which can also be effectively used as the
first and second sheets 40, 44. Furthermore, the
Fiberweb North America Inc. manufactures a fabric under
the trade name Cerex which is also suitable for use as
the first and second sheets 40, 44.

In operation, the cylindrical filter 20 is used
to filter contaminates from a fluid. The contaminated
fluid preferably passes through the openings 50 in the
first sheet 40 without experiencing any measurable
pressure drop and without undergoing any substantial
filtering effect by the first sheet 40. The contaminated
fluid then passes through the filter element 28 thereby
having contaminates removed from the fluid. Asymmetry in
the spacing of the pleats 34 and uneven contaminant
loading of the filter element 28 create paths of lesser
resistance through which the fluid has a tendency to
flow. The non-uniform flow of fluid through the filterxr
element 28 generates lateral forces on the filter element
28 which urge the pleats 34 to bunch, gang or collapse.
However, because the first and second sheets 40, 44 are

relatively inelastic as compared to the lateral forces
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and adhesively affixed to essentially the entire edges
37,39 of their respective pleat tips pleat tips 36, 38,
and because the first sheet 40.is tautly tensioned across
the outer pleat tips 38, the first and second sheets 40,
44 resist and balance the lateral forces generated by the
non-uniform fluid flow thereby maintaining pleat 34
spacing and preventing bunching, ganging and collapsing
of the pleats 34.

Once the fluid passes through the filter
element 28, it next passes through the second sheet 44
preferably without experiencing any measurable pressure
drop. Similar to the first sheet 40, the second sheet 44
preferably provides essentially no filtering effect on
the fluid and therefore does not experience any
appreciable contaminant loading. As a final step in the
filtering process, the filtered fluid exits the
cylindrical filter 20 through the circular hole 25 in the
second end cap 24.

It will be appreciated that the cylindrical
filter 20 works well as a liquid filter or an air filter.

The cylindrical filter 20 has been tested in oil to a
pressure drop across the filter element 28 of 150 psi
without experiencing the usual pleat bunching which
occurs at minimal pressure drops in conventional fluid
filters not having pleat tip retaining means.

It will be apparent to those skilled in the art
that various modifications and variations can be made in
the use and construction of the present invention without
departing from the scope or spirit of the invention. In
this regard, it will be appreciated that the cylindrical
filter 20 is merely an example of a cylindrical filter
utilizing the pleat tip retention means of this invention
for maintaining the spacing of the pleat tips. A variety
of cylindrical filter designs presently exist and the
particular embodiment of this invention illustrated by
the cylindrical filter 20 is not to be construed as being

a limitation upon the invention.
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As an example of a typical modification, a
urethane potting compound may be used instead of metal
end caps 22, 24 to secure the ends 30, 32 of the filter
20. Furthermore, certain embodiments of the present
invention may employ only the first sheet 40 to maintain
the pleat 34 spacing of the filter element 28. For many
applications, the first sheet 40 surrounding the
outermost boundary of the filter element 28 and situated
on the upside ‘stream of the flow will provide sufficient
support to the outer pleat tips 36 to prevent movement of
the pleats 34 and to maintain adequate_ spacing of the
pleats 34.

Referring to FIGS. 4A-4E, the cylindrical
filter 20 is illustrated as it would appear at various
stages of the manufacturing process. At the first step
of the manufacturing process, the filter element 28 of
the cylindrical filter 20 comprises a generally flat
piece of filter paper as shown in FIG. 4A which is
generally uncoiled from a roll.

The second step in the manufacturing process is
to form the pleats 34 of the filter element 28 by folding
the filter element 28 through conventional folding
techniques as shown in FIG. 4B. As folded, the
successive inner pleat tips 38 define a generally planar
first boundary of the filter element 28 and the
successive outer pleat tips 36 define a generally planar
second boundary of the filter element 28. The first
boundary of the filter element 28 opposes and is
generally parallel to the second boundary cf the filter
element 28. The folded filter element 28 also has a
first end portion 55 and a second end portion 57.

The third step in the manufacturing process
relates to the application of the second sheet 44 to the
inner pleat tips 38 of the filter element 28. 1In this
regard, the pleats 34 of the filter element 28 are
bunched or reefed together and the second sheet 44 is
affixed to the inner pleat tips 38 while the filter
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element 28 is in the flat as shown in FIG. 4C. As
affixed, the second sheet 44 has dimensions corresponding
to the dimensions of the cylindrical inner boundary
defined by the inner pleat tips 38 of the filter element
28 when the filter element 28 is incorporated within the
cylindrical filter 20.

It is preferred that the second sheet 44 be
affixed to the inner pleat tips 38 by placing a sheet of - - -
heat sensitive adhesive, such as a non-woven web hot melt
adhesive manufactured by Bostik Corporation, between the
inner pleat tips 38 and the second sheet 44 and applying
heat to the second sheet 44 to activate the sheet of heat
sensitive adhesive. When the sheet of heat sensitive
adhesive is heated, it melts into the inner pleat tips 38
and the second sheet 44 effectively bonding the second
sheet 44 to the inner pleat tips 38 upon hardening. It
will be appreciated that the second sheet 44 may also be
bonded to the inner pleat tips 38 by alternative affixing
techniques such as spray adhesives or heat fusion.

The fourth step in the manufacturing process
relates to rolling up the filter element 28, typically
around the structural inner liner 41 . of the filter 20,
such that the inner pleat tips 38 define the generally
cylindrical inner boundary which is covered by the second
sheet 44 and the outer pleat tips 36 define the generally
cylindrical outer boundary. It has been determined by
the inventors that because the second sheet 44 is affixed
to the inner pleat tips 38, the filter element 28 has
sufficient containment to be easily handled and rolled up
into the cylindrical shape. While the filter element 28
is supported on the structural inner liner 41, the filter
element 28 is rolled up into the cylindrical shape and
the first and second end portions 55, 57 of the filter
element 28 are permanently affixed to each other as shown
in FIG. 4D.

The fifth step in the manufacturing process of -

the cylindrical filter 20 involves applying the first
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sheet 40 to the outer cylindrical boundary of the filter
element 28 as shown in FIG. 4E. It is preferred that the
first sheet 40 be affixed to the outer pleat tips 36 by
wrapping a sheet of heat sensitive adhesive, such as non-
woven web hot melt adhesive, around the entire outer
cylindrical boundary of the filter element 28. The first
sheet 40 is wrapped around the entire outer cylindrical
boundary of the filter element 28 such that the sheet of
heat sensitive adhesive is positioned between the first
sheet 40 and the outer pleat tips 36.

When the first sheet 40 is wrapped about the
filter element 28, the end portions of the first sheet 40
overlap each other and are bonded to each other by
conventional affixing techniques such as adhesives or hot
melting to create the longitudinal seam 42. In the
alternative, the end portions of the first sheet 40 may
be flush and the longitudinal seam 42 may be secured by a
strip of material affixed over the end portions or a
layer of resin covering the end portions.

Once the first sheet 40 is seamed, heat is
applied to the first sheet 40. The heat causes the first
sheet 40 to shrink-fit tightly against the outer pleat
tips 36 and concurrently activates the sheet of heat
sensitive adhesive causing the adhesive to melt into the
outer pleat tips 36 and the first sheet 40 effectively
bonding the first sheet 40 to the entire edges 37 of the
outer pleat tips 36. It will be appreciated that other
adhesives such as spray adhesives may also be used to
bond the first sheet 40 to the outer pleat tips 36. It
will also be appreciated that the first sheet 40 may be
post-tensioned by other means such as forcibly inserting
within the center of the filter element 28 an inner liner
having an outer diameter slightly larger than the inner
diameter of the filter element 28.

The final step in manufacturing the cylindrical
filter 20 involves affixing the first and second end caps
22, 24 to the filter element 28. In this regard, potting
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compound is preferably applied to the first and second
end caps 22, 24. The first and second end caps 22, 24
are then adhesively bonded by the potting compound to the
first and second ends 30, 32 of the filter element 28 as
shown in FIG. 1.

It will be apparent to those skilled in the art
that the present invention also includes modified methods
for manufacturing cylindrical filters in which the
sequence of the steps may be altered or certain steps
eliminated from the process. For example, in may be
desired to eliminate the above-described third step from
the manufacturing process in order to manufacture a
cylindrical filter which does not include the second
sheet 44 covering the generally cylindrical interior
boundary of the filter element 28. Additionally, it may
be desireable for the first sheet 40 to be affixed to the
outer pleat tips 36 of the filter element 28 while the
filter element 28 is in the flat and defines the
generally planar second boundary. The filter element 28
may then be rolled up in the shape of a cylinder with the
first and second end portions 55, 57 of the filter
element 28 permanently affixed together such that the
first sheet 40 is wrapped around the generally

cylindrical outer boundary of the filter element 28. The

-end portions of the first sheet 40 would preferably be

reinforced by resin or a strip of material to secure the
longitudinal seam 42. This modified process would
preferably be used to manufacture a cylindrical filter
including only the first sheet 40 for maintaining pleat
34 spacing.

It will also be appreciated that for some uses,
the structural inner liner 41 may be eliminated form the
filter 20.

Referring now to FIG. 5, there is illustrated
an alternate filter 120 in accordance with the present
invention. The filter 120 includes a filter element 128

preferably made of conventional filter paper. The filter
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element 128 is folded to form a succession of
interconnected pleats 134. The pleats 134 include
successive inlet pleat tips 136 having first outermost
edges 137 which define a generally planar inlet boundary
of the filter element 128. Similarly, the pleats also
include successive outlet pleat tips 138 having second
outermost edges 139 which define a generally planar
outlet boundary of the filter element 128.

The filter 120 also includes a first sheet 140
comprising a liner which covers the entire inlet boundary
of the filter element 128. The first sheet 140 extends
across and is adhesively bonded to the inlet pleat tips
136 of the filter element 128. Similarly, the filter 120
further includes a second sheet 144 comprising a liner
which covers the entire outlet boundary of the filter
element 128. The second sheet 144 extends across and is
adhesively bonded to the outlet pleat tips 138 of the
filter element 128.

It will be appreciated that the first and
second sheets 140, 144 are made of the same material
described previously with respect to the first and second
sheets 40, 44 of the cylindrical filter 20.

Additionally, it is preferred for the first and second
sheets 140, 144 to be affixed to the entire lengths of
their respective pleat tips 136, 138 by heat sensitive
adhesive. However, it will be appreciated that any
conventional adhesive may be employed.

Because the first and second sheets 140, 144
are preferably affixed to the entire lengths of their
respective pleat tips 136, 138, the first and second
sheets 140, 144 prevent the pleats 134 from moving and
increase the rigidity of the filter 120. The rigidity of
the filter 120 is further increased by adhesively
affixing rectangular end caps 131 made of cardboard or a
like material to first and second ends 130, 132 of the
filter element 128. It will be appreciated that the
first and second ends 130, 132 may alsc be capped by



CA 02215992 1997-10-09

WO 96/33001 PCT/US96/05236

10

15

20

25

15

alternate materials such as resin or potting compound,
either of which may provide a surface to attach gasketing
133 around the filter 120.

Due to the rigidity provided to the filter 120
by the first and second sheets 140, 144, it will be
appreciated that for many uses the filter 120 does not
require an exterior frame as is conventionally used by
existing filters. Additionally, it will also be
appreciated that the filter 120 may be manufactured in
large scale by affixing large sheets to large pleated
filter elements and then cutting the large filter element
into filters having'the desired dimensions. This type of
manufacturing process is ideally suited for automation.
It will also be appreciated for certain uses, a filter
may be constructed having only one sheet for maintaining
pleat spacing. For this type of filter, it is desireable
to have a sheet covering the inlet boundary of the filter
for maintaining pleat spacing.

With regard to the foregoing description, it is
to be understood that changes may be made in detail,
especially in matters of shape, size and arrangement of
the parts without departing from the scope of the present
invention. It is intended that the specification and
depicted embodiment be considered exemplary only, with a
true scope and spirit of the invention being indicated by

the broad meaning of the following claims.
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We claim:
- 1. A filter comprising:
| a filter element (28) haviﬁg a succession of
interconnected pleats (34), the pleats (34) including
successive spaced pleat tips (36) which define a
generally cylindrical boundary of the filter element
(28); and
a permeable fibrous first sheet (40) extending
around the cylindrical boundary of the filter element
(28) for maintaining spacing of the pleats (34), the
first sheet (40) including a plurality of heat shrunk
fibers constructed of a plastic material, the plastic
fibers being heat shrunk after the first sheet héslbeen
placed around the filter element such that the first

sheet is tightened about the filter element.

2. The filter of claim 1, wherein the fibrous
first sheet (40) is wrapped in substantially a single
turn about the filter element (28) and covers
substantially the entire generally cylindrical outer

boundary of the filter element (28).

3. The filter of claim 1, wherein the first sheet
has end portions that overlap one another to form a seam
(42) that extends longitudinally along the filter element
(28) .

4., The filter of claim 1, wherein the plastic
fibers are randomly arranged and bonded to each other at

junctions between the fibers..

. i \-';fi-T
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5. The filter of claim 1, wherein the first sheet

(40) has a Frazier air permeability greater than 500.

6. The filter of claim 1, wherein each of the
pleat tips (36) defines an edge (37) extending lengthwise
along the filter element, and the first sheet (40) is
adhesively affixed to essentially the entire edge (37) of

each pleat tip (36).

7. The filter of claim 1, wherein the first sheet

(40) has a thickness less than .009 inch.

8. The filter of any one of claims 1-7, wherein
the first sheet (40) is affixed to the pleat tips by heat

sensitive adhesive.

9. The filter of any one of claims 1-7, further
comprising end caps (22, 24) affixed to opposite ends of -

the filter element (28).

10. The filter of claim 9, further comprising an
inner liner (41) positioned within the filter element

(28) and extending between the end caps (22, 24).

11. A method for making the filter of claim 1,
comprising the steps of:
placing the first sheet (40) about the outer
boundary of the filter element (26); and
heat shrinking the first sheet (40) upon the
filter element (26).

AMENGED GMIET
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12. The method of claim 11, further comprising the
step of applying heat sensitive adhesive to the pleat
tips (36) before heat shrinking the permeable first sheet
(40) .

13. The method of claim 12, wherein the heat
sensitive adhesive comprises a sheet of hot melt adhesive
that is wrapped around the cylindrical boundary of the
filter element (28) and is positioned between the pleat

tips (36) and the permeable fibrous first sheet (40).

14. A method for making a filter comprising the

steps of: C

providing a filter element (28) having a
succession of interconnected pleats (34), the pleats (34)
including successive spaced pleat tips (36) which define
a generally cylindrical boundary of the filter element
(28) ;

securing a permeable fibrous plastic first
sheet (40) around the cylindrical boundary of the filter
elemeht (28); and

post-tensioning the first sheet (40) against
the pleat tips (36) of the filter element (28) after the

first sheet has been secured around the filter element.

15. The method of claim 14, wherein the first sheet
(40) is post-tensioned by shrink-fitting the first sheet

through the application of heat to the first sheet (40).

16. A method for making the filter comprising the

steps of:

MmN QiaiTh
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' providing a pleated filter element (28)

ing}uding a plurality of pleat tips (36);

adhesively affixing a first permeable fibrous
sheet (40) to the outer pleat tips (36) such that the
first sheet (40) extends across the pleat tips (36) along
a generally planar boundary; and

rolling the filter element (28) such that the
pleat tips (36) define the generally cylindrical boundary
of the filter element (28) which is covered by the first

sheet (40) that is affixed to the pleat tips (36).

17. The method of claim 16, wherein the cylindrical

boundary is an outer boundary.

18. The method of claim 16, wherein the cylindrical

boundary is an inner boundary.

19. A filter comprising:

a filter element (128) having a succession of
interconnected pleats (134), the pleats (134) having
successive. first pleat tips (236) which define a first
generally planar boundary of the filter element (128);
and

a permeable fibrous first sheet (140) covering
the first boundary of the filter element (128), the first
sheet (140) extending across succegsive first pleat tips
(136) and being adhesively affixed to the first pleat
tips (136) for maintaining spacing of the pleats (134),
the gsheet (140) having a Frazier air permeability greater

than 500.

AMEMDED 20T
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_ 20. The filter of claim 19, wherein each of the
first pleat tips (136) defines an edge extending
longitudinally along the filter element, and the first
sheet (140) is adhesively affixed to essentially the

entire edge of each first pleat tip (136).

21. The filter of claim 19, wherein the first sheet
(140) is affixed to the first pleat tips (136) by heat

sensitive adhesive.

22. The filter of claim 19, wherein the first sheet

(140) has a thickness less than .009 inch.

23. The filter of claim 19, wherein the first gheet
(140) includes a plurality of randomly spaced plastic

fibers.

24, The filter of claim 19, wherein the filter
element (128) includes a plurality of second pleat tips
(138) defining a second generally planar boundary, and
the filter further includes a seéﬁnd fibgbus permeable
sheet (144) covering the second boundary and being

adhesively affixed to the second pleat tips (138).

AMENDED SHETT
.

EANT TN Y



CA 02215992 1997-10-09

WO 96/33001 PCT/US96/05236

/75

FIG. |

20\




CA 02215992 1997-10-09

WO 96/33001 PCT/US96/05236

2/5




CA 02215992 1997-10-09

WO 96/33001 PCT/US96/05236

3/5

46

a8

~ ,£ ‘;":!Yk X - .l,l ‘ .4 . B
> i3 Ql;‘ g\; g s
> -‘l. p .V‘a_"‘ A5

Z3
PN DR

FIG. 3B

48
50

46

48




CA 02215992 1997-10-09

WO 96/33001 PCT/US96/05236

4/5

FIG. 4A
28




02215992 1997-10-09

CA

PCT/US96/05236

WO 96/33001

5/5







	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - REPRESENTATIVE_DRAWING

