
EMBOSSED FLUID F'ILTER ELEMENT

BÀCKGROT'ND OF TITE INVENTION

[00011 This invent.ion relates to a fluid filt.er element and

method of forming the same.

t00021 F]uid filter efements are well known and are wídely
used ín fluid filt.ers for varying areas of use, incJ-uding

hydrodynamic machines and air-conditioning engineering.
Their meander-shaped or zig-zag structure provídes a

substant,ially increased filter area, in relation to a fixed
affl-ux flow cross-section. In order 1-o fix the fold walls
of such a structure refative to each and to support them

with respect to each other, various different kinds of
design configurations have been developed. Filt,ers with
depressions which are embossed into the flat filter
materiaL and which, when the material is folded, bear
against each other and support each other are known.

[0003] In t,he case of earlier fluid filter elements of that
kind, the embossings of the fold wal]-s utere simply laid
against each other when executing the folding operation and

the filter element, which was finished as a kind of "fold
pack" \Á/as externally fixed by being clamped in a box

or frame. While such particularly simple fluid filter
el-ements certainly operate satisfactorily at t.he beginning
of their period of use and in areas of use whích do not.

involve fluctuating pressure loadings worth menLioning,

critical stability prob)-ems are found to occur in rel-ation
Lo certain degrees of filling wit.h deposited dust
particles, or dust loading, and in particular when used in
relation to fluid-dynamic machines.

EMBOSSED FLUID FILTER ELEMENT BACKGROUND OF THE INVENTION  [0001] This
invention relates to a fluid filter element and method of forming the same.  [0002] Fluid filter
elements are well known and are widely used in fluid filters for varying areas of use, including
hydrodynamic machines and air-conditioning engineering. Their meander-shaped or zig-zag
structure provides a substantially increased filter area, in relation to a fixed afflux flow
cross-section. In order to fix the fold walls of such a structure relative to each and to support
them with respect to each other, various different kinds of design configurations have been
developed. Filters with depressions which are embossed into the flat filter material and which,
when the material is folded, bear against each other and support each other are known.
[0003] In the case of earlier fluid filter elements of that kind, the embossings of the fold walls
were simply laid against each other when executing the folding operation and the filter
element, which was finished as a kind of "fold pack"was externally fixed by being clamped in a
box or frame. While such particularly simple fluid filter elements certainly operate satisfactorily
at the beginning of their period of use and in areas of use which do not involve fluctuating
pressure loadings worth mentioning, critical stability problems are found to occur in relation to
certain degrees of filling with deposited dust particles, or dust loading, and in particular when
used in relation to fluid-dynamic machines. 



[0004] In order to resolve many of the above prob]ems, US

Pat.ent Number 6,685,833 assigned to LPD technologies
discloses a filt.er element comprising an embossed flat
filter material which is folded so as to define a plurality
of substantially adjacent wall-s, each wal-,1- having an

embossing comprising a first embossing portion which

extends from one side of said wall and a second embossing

portion which is adjacent to said first embossing portion
and which extends from the other side of said wall-, and an

adhesive connecting adjacent embossings of adjacent walls.
The adhesive preferably has a substantially constant
height. US Patent, Number 6,685,833 is hereby incorporated
by reference in its entirety"

STTMMARY OF THE DTSCLOSURE

100051 The primary object of the present disclosure is to
provide a filter material- with embossings that eliminate a

rotation point within the pleat..

[0006] It is a further object of the present invention to
provide a fluid filt.er element wit.h an embossed flat filter
material- which is folded so as to define a pJ-urality of
substantially adjacent. wal-ls, each wall defining a planar

surface between two adjacent fold lines, the walf having an

embossing cornprising: a first embossing row having a

cent.ral-Iy located elongated positive embossment and a

distal embossment at each end of the positive elongated
embossment, wherein at l-east one distal embossment is
negative; and a second embossing ro\^I spaced from and

paral-lel to the first embossi-ng row, the seconcl embossing

row having two elongated embossments, wherein one elongat.ed

embossment is negati-ve and one is positive.

[0004] In order to resolve many of the above problems, US Patent Number 6,685,833
assigned to LPD technologies discloses a filter element comprising an embossed flat filter
material which is folded so as to define a plurality of substantially adjacent walls, each wall
having an embossing comprising a first embossing portion which extends from one side of
said wall and a second embossing portion which is adjacent to said first embossing portion
and which extends from the other side of said wall, and an adhesive connecting adjacent
embossings of adjacent walls. The adhesive preferably has a substantially constant height.
US Patent Number 6,685,833 is hereby incorporated by reference in its entirety. SUMMARY
OF THE DISCLOSURE  [0005] The primary object of the present disclosure is to provide a
filter material with embossings that eliminate a rotation point within the pleat.  [0006] It is a
further object of the present invention to provide a fluid filter element with an embossed flat
filter material which is folded so as to define a plurality of substantially adjacent walls, each
wall defining a planar surface between two adjacent fold lines, the wall having an embossing
comprising: a first embossing row having a centrally located elongated positive embossment
and a distal embossment at each end of the positive elongated embossment, wherein at least
one distal embossment is negative; and a second embossing row spaced from and parallel to
the first embossing row, the second embossing row having two elongated embossments,
wherein one elongated embossment is negative and one is positive.   [0007] It is a further
object of the present invention to provide a method for forming a fluid filter element,
comprising the steps of: providing a flat filter material; forming a plurality of substantially
parallel embossings in the filter material, the embossings comprising alternating first and
second embossing rows, the first embossing row having a centrally located elongated positive
embossment and a distal embossment at each end of the positive elongated embossment,
wherein at least one distal embossment is negative; and the second embossing row spaced
from and parallel to the first embossing row, the second embossing row having two elongated
embossments, wherein one elongated embossment is negative and one is positive; applying
an adhesive to at least a portion of the embosssings; and folding the filter material in a zig-zag
pattern so as to define walls of the filter material, each wall having the alternating first and
second embossing rows, wherein the adhesive bonds the embossings of adjacent walls
together. 



[0007] It is a further object of the present invention to
provide a method for forming a fluid fil-ter element,

comprising the steps of : providing a flat filter material,'
forming a plurality of subsLanLialty parallel embossings in
the filter material, the embossings comprising alternating
first and second embossing rows, t,he first embossing roht

having a centrafly located elongated posit.ive embossment

and a distal embossment at each end of the positive
elongated embossment, wherein at l-east one distal
embossment is negaLive,' and the second embossing row spaced

from and paral-lel to the first embossing ro\ñ, the second

embossing ror^r having two elongated embossments, wherein one

elongated embossment is negat.ive and one is posit.ive,'
applying an adhesive to at l-east a portion of the
embosssings,' and fol-ding the fílter rnaterial- in a zig-zag
patt.ern so as to define walls of the filter material, each

wall having the al-ternating first and second embossing

ro\^/s, wherein the adhesive bonds the embossings of adjacent
waÌls together.

BRIEF DESCRIPTTON OF TIIE DRAWINGS

[0008] A detailed description of preferred embodiments of
the preserrt invention fol-lows, with reference to the

attached cirawíngs, wherein:

t00091 Figure 1- illustratively depicts a side view of a

fil-ter material and embossed in accordance with US Patent

Number 6,685,833,'

[00L0] Figure 2 il-lustratively depicts a side view of a

filter material embossed with an i-ntermediate embossment at
tile rotation point. within the pleat;

BRIEF DESCRIPTION OF THE DRAWINGS [0008] A detailed description of preferred
embodiments of the present invention follows, with reference to the attached drawings,
wherein: [0009] Figure 1 illustratively depicts a side view of a filter material and embossed in
accordance with US Patent Number 6,685,833; [0010] Figure 2 illustratively depicts a side
view of a filter material embossed with an intermediate embossment at the rotation point
within the pleat;  [0011] Figure 2a illustratively depicts a top view of the filter material of Figure
2; [0012] Figure 3 illustratively depicts a top view of the filter material and embossed in
accordance with the present invention; 



[0011] Figure 2a illustratively depicts a top view of the
fiÌter material of Figure 2;

[0012J Figure 3 i]lustratively depicts a top view of the
filter materiaf and embossed in accordance with the present
invention;
[0013] Figures 4a-4c illustratively depict side views of
the filter material in accordance with the present

invention;
[0014] Figures 5 and 6 illustratively depict the first
embossing row in a view in section in a plane parallel to
the fluid fl-ow direction and perpendicufar Lo the plane of
the fil-ter mat.erial, ill-ustrat.ing an embodiment. of the

filter element according to the invention;
[00151 Figure 7 illustratively depicts the second embossing

row in a view in section in a plane parallel to the fluid
flow direction and perpendicul-ar to the pÌane of filter
material, illustratíng an embodiment of the filter element

according to the invent.ion.'

[00161 Fígures B, 9 and 10 i1Ìustratively depict differing
variations of filter material- embossings;

[0017] Figure 11 illustrat.ively depícts a top view of the
filter material embossed in accordance with the present

invention;
t00181 Figure 1.2 íIlustrates the accordion effect on

embossed f ilt.er medía,'

[0019] FIG. 13 ilJ-ustratively depicts a top view of t.he

filter media of the present invention with a plurality of
interrnedia b.e embossings,"

[0020] FIG. I 4 illustratively depicts a top view of the

fil-ter meclia of the present invention wit.h a pJ-urality of
intermecliate embossinqs and diagonal straight lines
obtainecl,' and

[0013] Figures 4a-4c illustratively depict side views of the filter material in accordance with the
present invention; [0014] Figures 5 and 6 illustratively depict the first embossing row in a view
in section in a plane parallel to the fluid flow direction and perpendicular to the plane of the
filter material, illustrating an embodiment of the filter element according to the invention;
[0015] Figure 7 illustratively depicts the second embossing row in a view in section in a plane
parallel to the fluid flow direction and perpendicular to the plane of filter material, illustrating an
embodiment of the filter element according to the invention;  [0016] Figures 8, 9 and 10
illustratively depict differing variations of filter material embossings;  [0017] Figure 11
illustratively depicts a top view of the filter material embossed in accordance with the present
invention;  [0018] Figure 12 illustrate, the accordion effect on embossed filter media;  [0019]
FIG. 13 illustratively depicts a top view of the filter media of the present invention with a
plurality of intermediate embossings; 



[0021] FIc. 15 illustratively depicts a top view of the

filter media of the present invention wit.h glue placement

on a plurality of intermediate embossings "

DETATLED DESCRIPTION

l0O22J This discl-osure is drawn to a fil-ter material with
embossings that el-iminate a rotation point within the
pJ-eat. Embossings, i.e. dímples, are formed on the filter
material- by any means which is well known within the art.
One objective of the present invention is to reduce the
pressure drop within t.he system by reducing the embossed

surface area of the filter paper, i.e. standard
int.ermediate embossings are removed, and by improving the
aerodynamics, which keeps the pleat from deforming.

[0023] FIG" 1 illustrates a wal-l of filter mat.erial- 4 and

the structure of embossings 1 formed in fil-ter material 4

in accordance with US Patent Number 6,685,833. FIG. B

ifÌust.rates a síde view of a folded series of the walls of
FIG.I-. FIG, 1 shows flat. material 4 provided with a series
of embossings 1 which would be arranged in parallel rovús

wherein each embossing 1 is substantially pÌanar and has a

first embossing portion extending from one side of mat.erial
4 and a second embossing portion extending from the other
side of material 4. These embossings can advantageously be

formed in material 4 using embossing rollers or any other
apparatus suitable for forminq contoured structure in
material 4 as desired. During use/ pressure is exerted on

the filter materiaf 4, ancl the material begins to bend at
rotation point 2, which is the point where the embossing 1

passes from one side of the material 4 to the other. This

resul-ts in bending of the wal-1 having embossings l in the

[0020] FIG. 14 illustratively depicts a top view of the filter media of the present invention with a
plurality of intermediate embossings and diagonal straight lines obtained; and   [0021] FIG. 15
illustratively depicts a top view of the filter media of the present invention with glue placement
on a plurality of intermediate embossings. DETAILED DESCRIPTION  [0022] This disclosure
is drawn to a filter material with embossings that eliminate a rotation point within the pleat.
Embossings, i.e. dimples, are formed on the filter material by any means which is well known
within the art. One objective of the present invention is to reduce the pressure drop within the
system by reducing the embossed surface area of the filter paper, i.e. standard intermediate
embossings are removed, and by improving the aerodynamics, which keeps the pleat from
deforming.  [0023] FIG. 1 illustrates a wall of filter material 4 and the structure of embossings
1 formed in filter material 4 in accordance with US Patent Number 6,685,833. FIG. 8 illustrates
a side view of a folded series of the walls of FIG.1. FIG. 1 shows flat material 4 provided with
a series of embossings 1 which would be arranged in parallel rows wherein each embossing 1
is substantially planar and has a first embossing portion extending from one side of material 4
and a second embossing portion extending from the other side of material 4. These
embossings can advantageously be formed in material 4 using embossing rollers or any other
apparatus suitable for forming contoured structure in material 4 as desired. During use,
pressure is exerted on the filter material 4, and the material begins to bend at rotation point 2,
which is the point where the embossing 1 passes from one side of the material 4 to the other.
This results in bending of the wall having embossings 1 in the  



direction of arrows 5. Rotation point 2 renders the

complete pJ-eating of the filter material 4 very difficult
and al-so results in an unstabfe filter. Bending of the
filter maLerial 4 around the rotation point 2 also
increases the pressure of t.he flow through t.he filter
material 4 leading to a negative change in aerodynamics.

100241 FIGS.2, 2a and 9 depict the introduction of an

intermediate embossing 3. FIG. 9 il-lustrates a sicle view

of a folded series of wa.l-ls to illustrate the position of
embossing 3. FIGS. 2 and 2a further ilfust.rate wall-s 4

having embossings 1 and intermediate embossing 3 of filter
material 4. The intermediate embossing 3 is positioned in
an alternating position between embossings L. The

pJ-acement of the intermediate embossing 3, as shown ín FIG.

2a, helps to avoid the undesirable characterist.ics
described above by providing stiffness of the material 4

against. bending around point 2 of the pleat. Intermediate
embossing or dimple 3 stiffens the filter wal-l at the

rot.ation point 2 of I'IG" 1, but this extra embossing leads

to more cost in preparation and can a.l-so reduce the

effective filter area of t.he filter.

[0025] FIG. 3 depicts a preferred orientation of embossings

10, 1-0a, L2, L4, 14a in accordance wit.h the present

invention. A first embossíng row, 10, 10a, t2, is shown

having a centrally located elongated positive embossment 72

and distal embossment 10, 10a at each end of the positive
elonqated embossment 12. At least one dist.al embossment

10a ín t.he first. embossing row is negative, that ís, it
extends from the sheet of the filter material in a

direction opposite t.o that of embossments 10, 12, which are

considered positive" A second embossing rol¡/ having two

elongated embossments L4, 14a is also formed and positioned

direction of arrows 5. Rotation point 2 renders the complete pleating of the filter material 4
very difficult and also results in an unstable filter. Bending of the filter material 4 around the
rotation point 2 also increases the pressure of the flow through the filter material 4 leading to a
negative change in aerodynamics. [0024] FIGS. 2, 2a and 9 depict the introduction of an
intermediate embossing 3. FIG. 9 illustrates a side view of a folded series of walls to illustrate
the position of embossing 3. FIGS. 2 and 2a further illustrate walls 4 having embossings 1 and
intermediate embossing 3 of filter material 4. The intermediate embossing 3 is positioned in
an alternating position between embossings 1. The placement of the intermediate embossing
3, as shown in FIG. 2a, helps to avoid the undesirable characteristics described above by
providing stiffness of the material 4 against bending around point 2 of the pleat. Intermediate
embossing or dimple 3 stiffens the filter wall at the rotation point 2 of FIG. 1, but this extra
embossing leads to more cost in preparation and can also reduce the effective filter area of
the filter.  [0025] FIG. 3 depicts a preferred orientation of embossings 10, 10a, 12, 14, 14a in
accordance with the present invention. A first embossing row, 10, 10a, 12, is shown having a
centrally located elongated positive embossment 12 and distal embossment 10, 10a at each
end of the positive elongated embossment 12. At least one distal embossment 10a in the first
embossing row is negative, that is, it extends from the sheet of the filter material in a direction
opposite to that of embossments 10, 12, which are considered positive. A second embossing
row having two elongated embossments 14, 14a is also formed and positioned   at a location
laterally spaced from embossments 10, 12, 10a. The alternating embossment segments avoid
locations where an embossment transitions between negative and positive and thereby avoids
the formation of bending lines or rotation points 2 as are present in the prior art configurations.
At least one elongated embossment 14a is negative.  [0026] FIG. 4a and 4b depict the first
embossing row 1-a and the second embossing row 1-b, respectively. When folded into a filter
structure, the first embossing row 1-a and the second embossing row 1-b extend parallel to
each other along the material and the overlap of the various embossed segments prevents
the formation of a rotation point as was formed in the material 4 of FIG. 1.  [0027] FIGS. 5 and
6 illustrate a portion of a filter in accordance with the present invention drawn through
embossings 14, 14a. The filter media 20 according to the invention is formed from a filter
fleece or non-woven cloth material, typically made from glass fiber and plastic fiber
components or the like. Fold edge regions 30, 32 define walls 40 of material 20 therebetween,
and embossing portions 14 and 14a are advantageously defined in a single plane, and the
plane of embossing portions 14 and 14a is preferably oriented relative to the plane of walls 40
such that when material 20 is folded into the "V" pattern shown in FIGS. 5 and 6, embossing
portions 14 and 14a are substantially parallel to and equally spaced from embossing portions
14 and 14a of adjacent walls 40. [0028] Hot melt adhesive threads 32 are applied on both
sides in the region of the embossings 14 and 14a. When folded to the position shown in FIGS.
5 and 6, the hot melt adhesive threads 32 join together to form interconnected 



at a locatíon lateral-ly spaced frorn embossments 10, t2,
10a. The alternating embossment segments avoid locations
where an embossment transitions between negiative and

positive and thereby avoids the formation of bending lines
or rot.at.ion points 2 as are present in the prior art
configurations. At least one el-ongated embossment 14a is
negative.

[0026] FIG. 4a and 4b depict the first embossing roi^¡ l-a
and the second embossing row 1-b, respectiveJ-y" When

folded into a filter structure, the first embossing row 1-a

and the second embossing row l-b extend paralleÌ to each

other along the mat.erial and the overlap of the various
embossed segments prevents the formation of a rotation
point as was formed j-n the material- 4 of FIG" 1"

10027 I FlcS " 5 and 6 illustrat.e a portion of a filter in
accordance with the present invention drawn through
embossings 14, t(a. The filter media 20 accord.ing t.o the

invention is formed from a filter fleece or non-\^roven cloth
material, typically made from glass fiber and plastic fiber
components or the like. Fold edge regions 30, 32 define
walls 40 of material 20 therebet\^Ieen, and embossì-ng

portions LA and LAa are advant.ageously defined in a single
plane, and the plane of embossing portions 14 and 14a is
preferably oriented rel-ative to the plane of walls 40 such

that when material 20 is folded into t.he "V" pattern shown

in frIGS. 5 and 6, emlcossing portions 14 and 14a are

substantially parallel t.o and equally spaced from embossing

portions 14 and 14a of adjacent walls 40.

[0028] Hot melt adhesive threads 32 are applied on both
sides in the region of the embossings 14 and 14a, When

folded to the position shown in FIGS. 5 and 6, the hot melt
adhesive threads 32 join together to form interconnected

adhesive support portions. The mutually adjacent fold walls 40, after the adhesive 32 has set,
are respectively clamped firmly in position on both sides, by virtue of those adhesive support
portions 32, which is a substantial improvement over prior art configurations.  [0029] FIG. 7
illustrates a portion of a filter in accordance with the present invention drawn through
embossings 101 12, 10a. The filter media 20 according to the invention is formed from a filter
fleece or non-woven cloth material, typically made from glass fiber and plastic fiber
components or the like. Fold edge regions 30, 32 define walls 40 of filter media 20
therebetween, and embossing portions 10, 10a, and 12 are advantageously defined in a
single plane, and the plane of embossing portions 101 10a, and 12 is preferably oriented
relative to the plane of walls 40 such that when material 20 is folded into the "V" pattern
shown in FIG. 7, embossing portions 10, 10a, and 12 are substantially parallel to and equally
spaced from embossing portions 10, 10a, and 12 of adjacent walls 40. [0030] Hot melt
adhesive threads 34 are applied on both sides in the region of the embossing 10a alone and
embossings 10 and 12 in conjunction. When folded to the position shown in FIG. V, the hot
melt adhesive threads 34 join together to form interconnected adhesive support portions. The
mutually adjacent Fold walls 40, after the adhesive 34 has set, are respectively clamped firmly
in position on both sides, by virtue of those adhesive support portions 34, which is a
substantial improvement over prior art configurations. [0031] An additional undesirable
bending or accordion effect is illustrated in FIG. 12. The accordion effect   contributes to the
deformation of the pleat, which in turn increases the pressure drop of the filter due to the bad
aerodynamics of a deformed (not a perfect V shaped) pleat. The views of FIG. 12 illustrate
this undesirable bending, which can happen when embossings spread laterally as shown. x
represents the ideal configuration of a cross section of embossings. See FIG. 10 section F12.
As air blows through filter media 20, pressure increases and the embossings begin to laterally
spread, as illustrated by y. The pleated filter media 20 will begin to flatten and lose resistance
to bending. As a result of the continuing increase in pressure, the embossings will lose form,
as illustrated by x+y. When the embossings stretch and lose form the pleats also will stretch
and lose form, as shown in the third view of FIG. 12. Intermediate embossings positioned
according to the invention leave unembossed zones of material that help resist lateral
spreading of the embossments, because the flat, non-embossed portion of material helps to
resist the lateral spreading. 



adhesive support portions. The mutually adjacent fold wall-s

40, after the adhesive 32 has set, are respectively clamped

firmly in position on both sides, by vírtue of t.hose

adhesive support portions 32, which is a substantial
improvement over prior art configurations.
100291 FIG. 7 illust.rates a portion of a filter in
accordance with the present invention drawn through
embossingis 10, L2, 10a. The filt.er media 20 according to
the invention ís formed from a filt.er fl-eece or non-I/üoven

clot.h material, typícally made from gJ-ass fiber and plastic
fiber components or the like. Fold edge regions 30, 32

define walls 40 of filter media 20 therebet,ween' and

embossing portions 10, 10a, and 12 are advant.ageously

defined in a single plane, and the plane of embossing

portions 10, 10a, and 12 is preferably oriented refaLive t.o

the pJ-ane of walls 40 such that when material- 20 is folded
into the "V" pattern shown in FIG. J, embossing portions
10, 10a, and 12 are substantially parallel to and equally
spaced from embossing portions 10, 10a, and 12 of adjacent.

walls 40.

[0030] Hot melt adhesive threads 34 are applied on both

sides in the region of the embossing 10a al-one and

embossings 10 and 12 in conjunction. When folded to the
position shown in FIG. 7, the hot melt adhesive threads 34

join toget.her to form interconnected adhesive support
portions. The rnufual-ly adjacent fold waf ls 4O, after the

adhesive 34 has seL, are respectívely clamped firmly in
position on both sides, by virtue of those adhesive support
portions 34, wh-ich is a substantial- improvemenl- over prior
art configurations.
[0031] An additional undesirable bending or accordion

effect. is il-lustrated in FIG. 12" The accordion effect

Preferably, the non-embossed portions are positioned so that, taken together, they define a
diagonal line (See Figure 11) of embossing free filter media which helps to prevent stretching
of the pleat and embossings.  [0032] The configuration of the embossings according to the
invention eliminates both rotation point 2 of FIG. 1 and the accordion effect of FIG. 12. The
filter portions shown in FIGS. 5-7 illustrate the orientation of the folded and glued filter media
20 as shown in FIGS. 3 and 11. The configuration of the dimples eliminates the horizontal
rotation point 2 by creating a more desirable diagonal line 40 of unembossed portions of filter
media 20. This configuration of the unembossed to embossed portions of  filter media 20
reduces the accordion effect, wherein the embossings rest upon one another to support the
filter media 20 as air is forced through it.  [0033] As seen in FIG. 11, the main intermediate
embossing 12 is both above and below diagonal 40. intermediate embossing 12 is able to
perform a double function. In order to sustain the pressure within the system, embossing 12
helps to keep the pleated filter media 20 as straight as possible and embossing 12 also helps
to keep the accordion effect of material 20 to a minimum. Diagonal 40 helps to decrease the
pressure flow through filter media 40 leading to less resistive aerodynamics through the
system. The current design illustrated in FIGS. 3-7 reduces the pressure drop caused by
deformation of the filter walls and thereby preserving the desired flow characteristics of the
filter. [0034] FIGS. 5 through 7 show fold lines 30 for material 20, which are present along fold
edges of material transverse to the embossings as shown for example in FIGS. 3 and 11. The
preferred orientation of embossing rows 1-a and 1-b provide that when folded, first embossing
portions 1-a will face each other, and second embossing portions 1-b will also face each
other. Embossing rows 1-a and 1-b are positioned substantially parallel to each other so as to
facilitate application of adhesive to embossing rows 1-a and 1-b at a constant flow-rate of
adhesive, which provides for a constant height or amount of adhesive per length as desired in
accordance with the present invention. [0035] FIG. 13 depicts the filter media of the present
invention with a plurality of intermediate embossings, i.e. positive embossments, negative
embossments and combinations thereof. It has been found that an increase in the number 



contributes to the deformation of the pleat, which in turn
increases the pressure drop of the filter due to the bad

aerodynamics of a deformed (not a perfect V shaped) pleat.
The views of FIG. 12 il-lustrate this undesirable bending,

which can happen when embossings spread laterally as shown.

x represents the ideal configuration of a cross section of
embossings. See FIG. 10 section F12. As air bl-ows through
filter meclia 20, pressure increa.ses and the embossings

begin to lateral-l-y spread, âs illustrated by y. The

pleat.ed filter media 20 will begin to flatten and lose
resist.ance to bending. As a result of the continuing
increase in pressure, the embossíngs will l-ose form, as

il-Iustrated by x+y. V'lhen the embossings stretch and lose
form the pleats aÌso will stretch and lose form, as shown

in the third view of FIG. 12. Intermediate embossing's

positioned according to the invention leave unembossed

zones of material that help resist l-at.eral spreadíng of the

embossments, because the flatf non-embossed portion of
material- helps to resist the lateral spreading.
PreferabJ-y, the non-embossed portions are positioned so

that, taken together, they define a diagonal- line (See

Figure 11) of embossing free filter media which helps to
prevent stretching of the pleat and embossings.

[0032] The configuration of the embossings according t.o the
invention eliminates both rotation point 2 of FIG. 1 and

the accorclion effect of FIG. 12" The filter portions shown

in FIGS. 5*"/ illustrate the orientation of the folded and

glued filter media 20 as shown in FTGS. 3 and l-l-. The

configuration of the dimples e1íminates the 1-iorizontal
rotation point 2 bV creating a more desirable diagonal line
40 of unembossed portions of fílter media 20. This

configuration c>f the unemb,ossed to embossed portions of

of intermediate embossings will increase the strength of the filter material and decrease the
bending of the walls due to force exerted on the filter material by the air pressure.  [0036] FIG.
14 depicts the diagonal straight lines of non-embossed material that may be formed on filter
media comprising a plurality of intermediate embossings. As shown, the intersecting diagonal
lines of non-embossed material can provide a truss-like reinforcement to the wall to prevent
accordion or spreading of the embossed portions. [0037] FIG. 15 depicts the placement of the
glue on filter media comprising a plurality of intermediate embossings. [0038] It is to be
understood that the present disclosure is not limited to the illustrations described and shown
herein, which are deemed to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form, size, arrangement of parts and
details of operation. The present disclosure rather is intended to encompass all such
modifications which are within its spirit and scope as illustrated by the figures and defined by
the claims.  WHAT IS CLAIMED IS:   1. A fluid filter element comprising: an embossed flat
filter material which is folded so as to define a plurality of substantially adjacent walls, each
wall defining a planar surface between two 



filter media 20 reduces the accordion effect, wherein the
embossings rest upon one anot.her to support the filter
media 20 as air ís forced through it.

[0033] As seen in FIG. 11, the main intermediate embossing

12 is both above and below diagonal 40. Intermediate
embossinq 12 is able to perform a double function. In
order to sustain the pressure within t.he system, embossing

12 helps to keep the pleat.ed filter media 20 as straight as

possible and embossing 12 al-so helps to keep the accordion
effect of material 20 to a minimum. Díagonal 40 helps to
decrease the pressure ffow through fil-ter media 40 leading
to l-ess resistive aerodynamics through t.he system. The

currenL design illustrated 1n FIGS. 3-l reduces the
pressure drop caused by deformation of the filter wall-s and

thereby preserving t.he desired flow characteristics of the
filter.
[0034] FIGS. 5 t,hrough 7 show fold lines 30 for material
20, which are present along fold edges of material
transverse to the embossinqs as shown for example in FTGS.

3 and 1"1. The preferred orientation of embossing rows l-a
and 1-b provide that when folded, first embossing port.ions

l-a will face each other, and second embossing portions L-b

will also face each other" Embossing roi^/s l-a and L-b are
positíoned substantialÌy parallel to each other so as to
facilitate application of adhesive to emlcossing rovüs 1-a

and l-b at a constant flow-rate of adhesive, which provide.s

for a constant height or amount of adhesive per length as

desired in accordance with the present invention.

[0035] FIG. i-3 depicts the filter media of the present

invention with a pl-urality of intermediate embossings, i.e"
positive embossrnents, negative embossments and combinations
thereof. It has been found t.hat an increasc in the number
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adjacent fold lines, said wall having an embossing comprising:      a first embossing row
having a centrally located elongated positive embossment and a distal embossment at each
end of the positive elongated embossment, wherein at least one distal embossment is
negative; and,      a second embossing row spaced from and parallel to the first embossing
row, the second embossing row having two elongated embossments, wherein one elongated
embossment is negative and one is positive.  2. The filter element of claim 1, wherein spaces
are defined along the first embossing row between the centrally located positive embossment
and each of the distal embossments, wherein a space along the second embossing row
between the two elongated embossments, and wherein the spaces of the first embossing row
are not aligned with each other.  3. The filter element of claim 1, wherein the second
embossings are substantially uniformly spaced.  4. The filter element of claim 1, wherein said
walls define wall edges each having at least two fold lines.  



of intermediate embossings wilI increase the strength of
the filter mat.erial and decrease the bending of the walls
due to force exerted on the filter material by the air
pressure.

[0036] FIG. 74 depicts the diagonal straight. l-ines of non-

embossed material that may be formed on fil-ter media

comprising a plurality of intermediate embossings " As

shown, the intersect.ing diagonal lines of non-embossed

material can provide a truss-like reinforcemenL to the wall
to prevent accordion or spreading of the embossed portions.

[0037] FIG. 15 depicts the placement of the glue on filter
media comprising a pluraj-íty of intermediate embossings"

[0038] It is to be understood that the present dísclosure
is not limited to the illust.rations described and shov,rn

herein, which are deemed to be merely illustrative of the

best modes of carrying out the invention, and which are

susceptible of modification of form, size, arrangiement of
part.s and details of operation. The present discfosure
rather is intended to encompass all such modifications
which are within it.s spirit. and scope as illustrated by the

figures and defined by the claims.
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5. The filter element of claim 1, wherein said first embossing row and said second embossing
row are formed in alternating sequence.  6. The filter element of claim 1, wherein said first
embossing row and said second embossing row define a straight diagonal line of embossing
free filter material.  7. The filter element of claim 1, wherein said first embossing row further
comprises a plurality of centrally located elongated embossment selected from the group
consisting of positive embossment, negative embossment and combinations thereof.  8. A
method for forming a fluid filter element, comprising the steps of: providing a flat filter material;
forming a plurality of substantially parallel embossings in the material, the embossings
comprising alternating first and second embossing rows:       the first embossing row having a
centrally located elongated positive embossment and a distal 



WHAT IS CI,AIMED IS:

1" A fluid filter el-ement comprising:
an embossed flat filter material which is folded so as

to defíne a plurality of substantially adjacent walls,
each wall defining a planar surface between two

adjacent fotd fines, said wall having an embossing

comprising:
a first embossing row having a centrally

located elongated positive embossment and a

distal embossment at each end of t'he positive

elongated embossment, wherein at least one dist.al
embossment is negative,' and,

a second embossing row spaced from and

parallel to t.he first. embossing row' the second

embossing rovr having two elongated embossments'

wherein one elongated embossment is negative and

one is positive.

2. The filter efement of claim 1, wherein spaces are

defined along the first embossing row between the centrally
located positive embossment and each of the distal
embossments, wherein a space along the second embossing rôw

between the two elongated embossments, and wherein the

spaces of the first entbossíng row are not aligned with each

other.

3. The fil-ter efement of claim l-, wherein the second

embossings aïe substantially uniformly spaced.

4. The filter element of claim 1, wherein said walls define

wall edges each having at least Lwo fold l-ines.

T2

embossment at each end of the positive elongated embossment, wherein at least one distal
embossment is negative; and,       the second embossing row spaced from and parallel to the
first embossing row, the second embossing row having two elongated embossments, wherein
one elongated embossment is negative and one is positive; applying an adhesive to at least a
portion of the embosssings; and,         folding the material in a zig-zag pattern so as to define
walls of the material, each wall having the alternating first and second embossing rows,
wherein the adhesive bonds the embossings of adjacent walls together.  9. The method of
claim 8, wherein spaces are defined along the first embossing row between the centrally
located elongated positive embossment and each of the distal embossments, wherein a
space along the second embossing row between the two elongated embossments, and
wherein the spaces of the first embossing row are not aligned with each other. 



5. The filter efement of claim 1, wherein said first
embossing rovi and said second embossing ro\^i are formed in
alt.ernating sequence .

6. The fil-ter element of claim l-, wherein said first
embossing row and said second embossing ro\^i define a

straight diagonal line of embossing free filter material.

1. The fil-ter element of claim 1-, wherein said first
embossing ro\^/ further comprises a plurality of centrally
located elongated embossment selected from t,he group

consist.ing of posítive embossment, negative embossment and

combinations thereof.

B. A method for forming a fluid filter el-ement, comprísing

the steps of:
providing a flat filter maLerial-,'

forming a plurality of substantially parallel
embossings in the material, the embossíngs comprising

alternating f irst. and second embossíng rol^/s:

the first embossing row having a centrally
locat.ed elongated positive embossment and a distal
embossment at each end of t.he positive eJ-ongated

embossment, wherein at l-east one dist.al embossrnent is
negative,' and,

trhe second embossing row spaced from and parallel
to the first embossing row, the second embossing row

having two elongated embossments, wherein one

elongated embossment is negative and one is positive,'
applying an adhesive to at least a portion of the

embosssings; and,
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10. The method of claim 8, wherein said first embossing row and said second embossing row
define a straight diagonal line of embossing free filter material.  11. The method of claim 8,
wherein the folding step positions the walls so that embossings of adjacent wails are
substantially parallel.  12. The method of claim 8, wherein the applying step comprises
applying a substantially constant amount of adhesive to the material per unit length of
material.  13. The method of claim 8, wherein the applying step is selected from the group
consisting of applying the adhesive as a continuous thread, applying the adhesive in spots,
and combinations thereof.  14. The method of claim 8, wherein said first embossing row
further comprises a plurality of centrally located  elongated embossment selected from the
group consisting of positive embossment, negative embossment and combinations thereof 



folding the material in a zig-zag pattern so as to
define walfs of the material, each wall having the

al-ternating first and second embossing ro\Á¡s, wherein the

adhesive bonds t.he embossings of adjacent. walls together.

9. The method of claim B, wherein spaces are defined along

the first embossing row between the centrally located

elongated positive embossment and each of the distal
embossments, wherein a Space along the second embossing row

between the two el-ongated embossments, and wherein the

spaces of the first embossing row are not aligned with each

ot,her.

10. The method of claim B, wherein said fírst embossing ro\^¡

and said second embossing rovü defíne a straight diagonal

line of embossing free filter material.

11. The method of claim B, wherein the folding step

positions the walls so that embossings of adjacent walls

are substantíatly parallel.

1"2. The method of claim B, wherein the applying step

comprises applying a substantially constant. amount of

adhesíve to the mat.erial per unit. length of material.

13. The method of cfaim B, wherein the applying step is

selected from the group consisting of applying the adhesive

as a continuous thread, applying the adhesive in spots, and

combina t.ions thereof .

1"4. The method of claim B, wherein said first embossing row

further comprises a plurality of centrally loc¿rted

I4



el-onqat,ed embossment sel-ected from the group consisting of
positive embossment, negatíve embossment and combinations
t.hereof
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