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, bedt*RyiRELeAEH bth&r dh S UupifoftBach 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 othgrWheERIs Slngdbeflding Qpgeration 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 3perate satisfactorily

at the beginhfY &4 tHelF BeliBI Bt U ahd iR Br8ad 3f Ust WA hdd Hot ifvsis fbicARing
pressure loadihgsdveorth foentioningheritiealkstability problems are found to occur in relation to

certain degregsafling it depasited dhish partales. duskoading,ukin pasicylpr when

used in relation to fluid-dynamic machines. _ , _
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 filtex
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 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

embossingiﬁ)?f %(g?cent walls. The adhesige referablg; as asuy stantiall ¢ nstant height.
US Patent NORB! 61682855 s higrebySin gr%d?ﬁtré}ﬁ  refarerftein St dmtite ) SUMMARY
OF THE DI$ELaSURENRO05}  Téwopiharyaebjegh ofitheopiekent distiaslwg isto provide a

OF THE DISGL 005} THspr iiepicsent distosLug isto provi
frther objoct ol 1 boaint 1veution 1o B & T HErolemantwih a1 cribssed fa

filter materidiMHyieh ig\diged sb agrbcdefirfe & phateditysef sbstantidlliadacemtivalist Bath

wall defining a plapar-syrface between g adigeentfold lingstheiwall hayiggan embossing
comprising: a first embossing row having a centrally located elongated positive embossment

and a distal BHRBSSSMENCABAPERT of the pESiTEIGTHIEdRATEIEMER Wherein at least

one distal embossment isnegatve; iand a segand embassing rew spasead feomb andiparallel to
the first embossing row, the second embosjscing orow h%vi@g ]'gvg(t) eétr)n%%ated embosscments,

wherein oné 8ﬁ%lga?eﬁv %%ncbos}s?nean(%iis?t ﬁ%&ative and one'is positive. fﬁdﬁ‘ﬁ PR further
object of thexpresent dhverntioertdprovide & hethodar formking d fleid filteredlémentd an

comprising (he,steps.of Biayidiog 4. fat fiter matedal dymning 2 plrally ol sybstpntialy
parallel embossings in the filter material, the embossings comprising alfernating first and
second emBessingihsiAd theriFstenpbssingaowehavikg ecentrdilocgleteélbigated positive

embossmenfanga distakembosamentabeach epgnfdhe positiveRlBpoatedampbossaent,
wherein at least one distal embossment is negative; and the second embossing row spaced

from and pat4lI&AEIRETFS emMbdSSinG oW  fHe’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 ofﬁmt%o?%ﬁin}e%ﬁéhaé%{&%g% filter material in a zig-zag

pattern so as to define walls of the filter mate aving the alternating first and
second embossing rows, wherein the adhesive bonds the embossings of adjacent walls

together. [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 sgspaced from and
parallel to the first embossing row, the second embossing
row having two elongated embossments, wherein one elongated

embossment is negative and one isg positive.



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 99ﬂkaﬁ%séﬁt%véﬁﬁ6ﬁer 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.

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;



[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 REMdifd g Sanatidrs BEfit& hitehial SRisssings: S0 17] B RE 130

illustratively flepieis av@periewiofdlie filtgt rraterial embossed in accordance with the present
rentn: S OMe 2 ity g sconde oo onenbossed ty med ool
plurality of iftetrnediate eembessings! 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 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 illustrates 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;
[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



[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 drr%%within the
[

system by rd®9@nd thed 8mblossblatiticatarealof tHERiteF papek IR, Claitfd iftefmediate
embossingsfregemavedh and bytineproyingthe aeredynamicsy wiclk; keeps 1he pieat from
deforming. %0023] F#G. 1lillgcstrat(%s a v%/all of filter mat(Ianrﬂ)aI 4 and the structure of embossings
1 formed in fifePmiateHal ahinactordAnce WG9S P atent REmber 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 heraaRgedpsparpbel pyvs 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 eaypaqvantagegusly hesformeddndpaterial 4 using embossaing:rollers gr any other
apparatus suitable for forming contoured structure in material 4 as desjred, During use,
pressure is EXERSEF URThe HRF nftdRAPA S P tHePiaterfd) By tdBiéhd &t Féttion point 2,
which is thegaaiattwhe Enthesemhossing ke passesirem, onre sidecahiba roateriat 4110 the other.
This results in pgnding of the wall having embossings 10 e oun 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 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 intermedijate embossing 3 is positioned in
an alternatirigi pESitié R Beffe it EfibosiingSP trivd pradaiiérit & theMtefmellde embossing
3, as showndsipGe 28, Pelpstorayoid thewundesiralie .chesactenstics/descrinetiralavecby

providing stiffness of the mat(irial 4 against bendi nt 2 of t enplea% Inlitleermediate

around poi
embossing 5P map &3 diftfehsthe Hiter ai st (A ggta%b%tﬁ%ht 2°of . %, Bt this extra
embossing |€adls ¢ mere<cost in preparation ahd cantalsoveduce the @ffedtive filter area of
the fiter. [00Z8LEIG. & depiets aprefered arisniation of emhassings 40, 13 A2 14, 14ain

accordance with the present invention. A first embossing row, 10,/10a, 12, is shown having a
centrally locBseealopgatedpasiivg ehfbosshRsit B2Van & diitaiferhBodsiheAt 266 at each

end of the pggigyq plangaied embossmentol 21 ileast-anre distalpmbessmenk1@a in the first
embossing row is negative, that is, it extends from the sheet of the filter material in a direction
opposite to tHat BF BRTbEEM&TE 18512 Iwhich Ak conbidertd i A sE8¢6id Embbssing
row having o elopgatesiembossments &4, 14a ivalsolforned end-pesibordd i aha dacation
aterally spaged from embpsspents 19, 12, 10a. The altenating embgssment seajpents avoid
locations where an empogsment transitions between negative and positive and thereby avoids
the formatiohaf bendimplses. ogrotatiom goints rasdrien present rethiengridr arf coafigerations.

At least one,elongated embossipent,14a s negative. J0026] E1Ga4a andAh gepict the, frst

embossing row 1-a and the second embossing row 1-b, respectively. When folded into a filter
structure, thairstlérRbBasihg FoRCE-htaM e SHGHY 8MPRREIHYIDWL-b &X8nd parallel to

each other glong the matgrakand the-everap af thesyiousiembassed segaents prevents
the formation of a rotation point as was formed in the material 4 of FIG, 1. [0027] FIGS. 5 and

6 illustrate a5ortiBRGtS fiterdn AtCordihcERRT tHE Bresemt VERtdR diitvrithrough
embossingsdks; ddin ddesfilteranegiacAd aceardigstoi thenagentiah isfermetddramnm la #ter
fleece or non-waven cloth material, typically made from glass fiher and plastic fiber
componentsagra the li e&.) ord 8893 %(%E:%%fis%%% %% éeffgr?e%tv%ﬁs %%eo acnﬁatifeﬁg%ﬁé\ %ﬁelrae eétween,
and embossimpportions b4 addndeea® adviahfageousiy défihée in assidgletplahe, and the

plane of embgssipg portions, 14 andel4a s prefergbly qrignted felative g dhe plane atyalls 40

such that when material 20 is folded into the "V" pattern shown in FIGS. 5 and 6, embossing

portions 14 AAdMaBearestibstantRighsaralidias aHileqdallydpatetirdfcerhb6ssing portions

14 and 14a gkadiaceptwalls 49, [Q028] Hot melt adhesive threads 32 are applied on both
sides in the region of the embossings 14 and 14a. When folded to the £0§i ion %mwn in FIGS.
n

5 and 6, the HBt4RdIt Blifiesive RReads 32 jdit tdgether tdfot i ihtdreBHn8deg™ 05 1 g

10, 10a, 12, 14, l14a 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, 1l4a is also formed and positioned



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
therebetweet: ahdl@ifiBbi§iAg Porfidad 18, £84C59d 15 We ARARERETUS IV defitéd in a

single plane1aad theane ebembossingperiensdl Hamandc b2 is/preferadiy efented
relative to the plane of walls 40 such that when materigl 20 is folded intq the "V" pattern

shown in FI@F%FSm%s% Oﬁ&‘ﬁ%ﬂ% 1@?@3}5?18&% ey es?aﬁlt?ﬁﬁ/tﬁa\{r%llgﬁ% and equally
spaced fronpembossingapattiohs A€k ¢ 0ayandd 2tofcadjacenttivalis 40. [0030] Hot Meles

adhesive thisads. 34, aie,appliedon both sides.n e tegion.of the eryfassing 10a alone and

embossings 10 and 12 in conjunction. When folded to the position shown in FIG. V, the hot
melt adhesiGHrégrs Baijoirttogeliferiodsim e rédistiée adpEbRe Sippbriddtions. The
mutually adjggsgttlfglgowalls 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 ik69ément Bverllﬁriérngrt%nﬂﬁﬁf‘aﬁi‘bn@ﬁm%ﬁf Ah SARGGRANEh dedirabr®
bending or agoordios eftect isiillosisatestind-16o+ 21 e accosdionieféecy . contributes to the
deformationf()oflt g(&)leattwhich in.turn increaseﬁlthe pr ssu%drqtp of the filter due ta the bad

aerodynamics of a deformed (r%tlz}{’ €|‘E\)Erfse*cc:ff Vs af)%bl) E) eat. Thé Views of FIG .13 fllustrafe

this undesirable b:émjiwgé,_q/vhidh&}mha?pp@ wme_nlefhb@s@ﬁgsi_spﬁem{llh@éraﬂy a@asﬂ@_)wn. X
represents {heideal configuration af a crass section of embossingsSeq F1G, 10 segtion F12.

As air blows through filtermedia 20, pressure increases and the embossings begin to laterally
spread, as ikIteaRedBySE IR bl e HRatmetE26 Vil et fatferr aid foseresistance

to bending. Asiaresult Gfhe contiBdingHinerRaseindIressurg, te embossings will lose form,
as illustrated bé?;%? When the embossings stretch and lose form the pleats also will stretch

and lose forff JuiF it the A el o HEIE" 452 IiteRAE GRS efibdssings-Hdsitidned
according tasthecinyientien feave wiempessethzones ohmiaderialthahhelpresish lateral

spreading of the embossmepts, fhecaus the flat nonzembossgd portion of mafgrialielps to

resist the Iateeraf)spreaglng.
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 l4a are advantageously defined in a single
plane, and the plane of embossing portions 14 and l1l4a 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 1l4a are
substantially parallel to and equally spaced from embossing
portions 14 and l4a of adjacent walls 40.
[0028] Hot melt adhesive threads 32 are applied on both
sides in the region of the embossings 14 and l4a. When
folded to the position shown in FIGS. 5 and 6, the hot melt

adhegive threads 32 join together to form interconnected



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. TRRYGHGRIr &P er thePGidrhB8Ssed feeRibosdéd horfidRssr FilteP htbdid s

reduces the ggcokdien effest wherel the @mbessingstestuRonespanoiRerlty suppastidie
filter media 2Q as air is forced through it. [0033] As,seen.in FIG. %1, thefmgf'jn intermediate
embossing 12 B&th ab&e ard BRI diyohaf 40 tefediafe 8mbdssing T is able to

perform a deuthle duretionpp orderctorsustais tA2 pressure withia thelsystemt iemhbossing 12

helps to keeg thg(plg%tgf?gilter media 20 a%§ttrai A5 orsgjg%dgr@gd embossing 12 also helps
to keep the accordion effect of material 20 10 a rcfgi#{glmh#l Diagonal 40 helps to decrease the
pressure floWREQUgH fiker Medibla® femling t@ laxsrestive hetodyddinicsithrough the

system. The,cursentdesion, Hlustraied In BIGS 3-7rreduees theprgasure bR gaused by

deformation of the filter walls and thereby preservin% the desired flow characteristics of the

filter. [0034] FIBE B-H75udP 7 sow i@ ind830%bf eS8 WRich S8 Bré8&ntdong fold
edges of matgdalitrarsverse ta herembegsingsnassstawn éar exaraple oI 3wardd 1. The
preferred orie tatglon of embo sing rows Jlfl and 1-b %rovide Rhat w r%folded, irs&%rgpggsing

portions 1-aWifl ticd %ggﬁ%?hér, hdsecond ém gssﬁﬁnf)o?tlc?nsssl- rwill-alS6 fade 8&ch

other. EmboSsirgrrowsipenand 4-io aré-positiohed substartiddy peealieite e3eh dlRer so as to
facilitate applicafign qf adhesiy 19pbossing Tows 1-a¢nd,Lb.ata gapstan flgw-rate of

adhesive, which provides for a constant height or amount of adhesive per [ength as desired in
accordance SiPtelmeseptinentod 0038pFI G I3 Hepiets R RETRBaRIS e present

invention with-2 plwality-ofintermediatg embossings ik ROBilE @AbasHestgegative

embossments and combinations thereof. It has been found that an increase in_the humber
portionsg 10, 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. 7, the hot melt adhesive threads 34
join together to form interconnected adhesive support
portionsg. 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



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 it B Présent eRsclosurdas perafied »ihefustitfivhs dBSEFBed arid'$Hown

herein, whicharedeemed f bg raerly-Blugirative of thebestimedeg.of casryingoukthe
invention, and which are, susceptible of modification of form, size, arrangement of parts and
details of opBFSH THE GrcBht BistroRtr B Paih op R e kAt 5 ErlofBARE Al SER-E -
modificationsiwhich @ve withir its spirit antlscopesas illtistratech By she figlireoand tefined by
the claims. WHAT IS CLAIMED IS:. 1. A fluid filter element ¢ rising; embossed flat
iter matorial Aith R Es e Ty Bt ag o et el e
wall definingta B stifatethawedpalvoconfiguration 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.

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



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 fiid BRtamafAbasSferrdwifsteind space siormj it decnd EhdBlsmgtion
between thedywa-glgngated.erubossments, andhwhetein the spaees of thafirst epeossing row

are not aligned with each other. 3. The filter elekrlnent of claim 1, wherein the second
embossings &8 sub&thrftialg thifbimi st d- "4 A9 fikdr element of claim 1, wherein said
walls define pdBajgesseaetz havingratdeadtityvociodd limes, 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 accoxdion
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 l-a
and 1~b provide that when folded, first embossing portions
l1-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 l-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

10



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 pl@rlifnslesuissiantalyopiraficiambossdihgs in tHe AfRe il tHd 6/BHSBIMS
comprising 3&%”@1’1&8&3%@&9@&0&1‘%%b@é@?@a[@éé’sthe thenfirst gmbossing tayd having a
centrally located eIon%ated positive embossment and a distal ) ,
: due to Torce 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.
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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, wheéfBfLsJ:t CIARMERINES: 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 Spafed btk first ERTbSSsiRS Fdw SPERbE &fi§déd with each other.

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, 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.
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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 comprisesa plurality,of ceaially lecated Lglangategherbossmend selestad from the
group conS|st|ng of positive embossment, negative embossment and combinations thereof
embosging 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
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,
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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

cther.

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 walls

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
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elongated embossment selected from the group consisting of
positive embossment, negative embossment and combinations

thereof
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