EMBOSSED FLUI D FI LTER ELEMENT BACKGROUND OF THE | NVENTI ON [ 0001] This
invention relates to a fluid filter elenment and nmethod of form ng the sane.
[ 0002] FIwoOadofid4ves el enments are well known and are w decy/uss@d/os3ss | ui d
filters for varying areas of use, including hydrodynam ¢ machi nes and

ai r-condi tioni ng engi neering. Their neander-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 themw th respect to each other,

various different kinds mfrdesignrieony irgur@aid egnsMiave been devel oped.
Filters with depressions which are enbossed into the flat filter materi al

and which, when the material is fol ded, bear against each other and support

each other are known. [0 tﬁﬁp frﬁﬁﬂ i fluid filter elements
of that kind, the enbossi%%?é{dcﬁbt edf:Eglslg'lE\ONa]i sﬁ\/\llllel(r%%\] sinply |l aid agai nst

each ot her when executing the folding operation and the filter el enent,
whi ch wagodoni shedsasnacktndnotelfobd pack” rwhiehrwasecexeéeemnahtyahiixed by
being clanped in _a box or frame. Wile such particularly sinple fluid
filter ePerBAfsCEefPATMARY bPerat®Ssatisfactorily at the beginning of their

per i od ofolse) anduin af eas,Of,usentbi ghodpe ot kol ¥eal Lugt yaing pressure

| oadi ngs worth nentioning, critical stability problens are found occur
in relatueadt oncéttadnfdégeeesfof vakbing arehsdeposseedidastdpagticl es, or

dust | ' d i i cul wher d.ip.relati to fluid-d '
machi noat /T O8BR ThC b dar -5 880l 06 ANy bF - he boUs: RPobi B, US Pat ent

Nunmber 67685r833an88k98REpta LPD:t gchngl egiestdischoesesdasfil ter el enent
conprising an enbossed flat filter material which 1s folded so as to define

a plural PEysSerELbstantNarfysadj aeeRErwarfs; eacheharlohavPng anxefbossing
CO”Pf'S'ngﬁuL'Eg&wﬁgP8§§L98c996£lOﬁnmﬁkﬁ8r9§&e?9§ tremong shgesof said
wal | and a second enbo t

ssing portion which is adjacent to said firs
enbossi ngfpenthoa anduwhiich exiendseftonmetbe etfietossdepoftsandmwal |, and

an adhesi ve connecting adjacent. enbossi ngs of .adj acent_walls. _The adhesive
o eror ol ChatoaeS b Panchar o ae B T o P kPR R ber 6 985 B33

i's herebyckngAr perat gdrhyibeberghcepEBni HSvENLHERL YFilters 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" which 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.



SUMVARY OF THE DI SCLOSURE [ 0005] The primary object of the present
disclosure is to provide a filter material with enbossings that elimnate a
rotati on woi2nt1/oe2ki n the pleat. [0006] It is a further pobjusearoos3tshe
present invention to provide a fluid filter elenent with an enbossed fl at
filter material which is folded so as to define a plurality of
substantially adjacent wal | s, each wal l defining a planar surface between
two adj a d I| the wall having an 0ssing conprising; a first
erboss: nsCPBM hili HEISE cRe AT PYVF OLAP Ao B bRGATBa  BORT PN anbissment | and
a di st al pepbassrenbeat 6£8¢h, end gEsthreposhbtive ekengal ediggbossnent,
wherein at | east one distal enbossnent is negative, and a second enbossi ng

row spac@dsttearand ﬁa#éﬁreﬁlﬁﬁeﬂhecﬁmp§%Séﬁﬁoéélﬁ@b@éﬁﬁdtﬁéaéecond
e”boss'”91&9&&hﬁ¥£$91£TDw§£899?Eego?HQ S§HEQESBBMQ§E$58 §1§L8T

aye
enbossnment I's negative and one Is positive urt% object
of the poésenbstanenaﬂbn adjacentdﬁaalnethadhfnaliohavnggaahluid filter

el enent rising the steps o roviding a flat filte terial; formng
a pIuraI?@?ngFlE%b PERE{ af P FéFEEIe@HB6g§PﬂgBOFElPHe %Fgﬁ mat eri al

the e”b0§§t89§50998ﬁ'éh@gsﬁﬁéeéﬁaéhﬂg b1 st .aRdaSec0PH eBRBSSE NIy OWs, the
first enbossing row having a centrally | ocated el ongated positive

enbossnep@réh@HaWHﬁ@ha#Senﬁm@@ﬁ@httatSéa@hfenatofmbhéspbglP@Vél@hongated

erbossrienty WIPLE! 0. 2L Least gnendi sial eubgssRntois fegative, and the

second e ng r ow space foman e fIFS 0sSing row,
t he Secoadhéﬁb0§Stﬁgnécm&hgvaagat@@teémhgabeﬂg@ﬂb@Séﬁ?ﬂtént“ﬁ&[EBn one
el ongat ed enbgssnent is negative and one is positive; glylng an adhesi ve

to at |eAs¢ %dﬁ%?%V%nPB?f?ﬁ@b%ﬁbB§§s?n@%bséﬁatféiaYn@OPﬁ *Flter material

in a zignZaghpatt@EnpgPca8 LOndeti pecwsl bssof stherbhlt en-prberhaky each
wal | having the alternating first and second enbossing rows, wherein the

adhesi vebbondsetrhecenbossiagsnoiratdjacent wal | s together. BRI EF DESCRI PTI ON
OF THE DRAW NGS

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.



[ 0008] A detailed description of preferred enbodi nents of the present
wher ei n: [ 0009]
Fi gure 1 wOl2ostted2bvel y depicts a side view of a filter PomitsSeé1@lo5anzl

i nvention follows, with reference to the attached draw ngs,

enbossed

I nt er med
Figure 2
Figure 2

i n accordance with US Patent Nunber 6,685, 833; [0010] Figure 2
illustratively depicts a side viewof a filter material enbossed with an
| ate enbossnent at the rotation point wwthin the pleat; [0011]

' stratively depicts a to iew of the filter terjal of
TobBgi St E b Fa e e Sr der Oory Bl RrE En b ehaliet e 111 ter
mat eri al papdigabgssednbl aseordancegWht hitthe presepteiavention;

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
in accordance with the present invention; [0014] Figures 5 and 6
il lustratwoebydepsct the first enbossing row in a vi ewPCh/USeeioss1si n a

mat eri al

pl ane parall el
of the filter

to the fluid flow direction and perpendi cular to the plane
material, illustrating an enbodi nent of the filter el ement

according to the invention; [0015] Figure 7 iIIustrativer depicts t he

second e ing.row in a.viewin sec ane paralle othe fluid
oo T IBBEEh e D e a2 R ke Bene e Pa P Sp oPt B, BF L
il lustratingeannenbodimenst piqthe pilter el ement according to the

i nventi on
vari ati oh

808

0016] Figures 8, 9 and 10 illustratively depict differing
?]fF#gerenﬁté#&aﬁtéﬁﬁegengeepgee§7? FP@uVéew1Of|Fbetrat|ve|y

rates e accor ect on

depi cts @ii?@ryhgﬁé?%a%S% @ LEBbs &e?busg88P8§§§% %TtﬁCE ﬁ?g?eﬁkth t he

pr esent

I nvention;

|gure

enbossedifivéhetonedi a;

[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



[0019] FIG 13 illustratively depicts a top view of the filter nmedia of the
present invention with a plurality of internediate enbossings; [0020] FIG
14 i |l ustwetoual4yo2depi cts a top view of the filter nedi aCofustée/ops1esent
invention with a plurality of internedi ate enbossi ngs and di agonal strai ght
| i nes obt ai ned; and [0021] FIG 15 illustratively depicts a top view of
the filter nedia of the present invention with glue placenent on a

pluralit med] at L ngs. TAl SCRI PTI ON. [0022] This
G Scrosul 80PL) bt e T PR EheLy i SFCAPER BrbOS< Gt hat 181 i nate a
rotationrpotat meshhinothenpl gatscEADOSSEAYSoni wethdgiBtes] aaegehior med on
the filter material by any nmeans which is well known within the art. One

obj ectivenof Pherptesenefi hvbarreAiprset embedacedthe pressure drop within
the system by reduci ng the enbossed surface area of the filter paper, i.e.
standard internmedi ate enbossi ngs are renoved, and by inproving the
aerodynam cs, which keeps t hBEPAEREDf DESCHEPDIONNG.

[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



[0023] FIG 1 illustrates a wall of filter material 4 and the structure of
enbossings 1 fornmed in filter material 4 in accordance with US Pat ent
Nunber 6,W020B3899261 G. 8 illustrates a side view of a feCuas2e0/058S3 of t he
walls of FIG1l. FIG 1 shows flat material 4 provided with a series of
enbossings 1 which would be arranged in parallel rows wherein each
enbossing 1 is substantially planar and has a first enbossing portion

ext endi n fro one |de of ngterﬁﬁg 4.and_a.secgnd e oss%ﬁ portion

ext endi n F?8 tHhe® tﬂeFO@Fd of Rt b PRI P4 TheseSBibBbS s 85 can

advant ageewsl ¥tbepli eatedgi Brmaher Fal t4rughngreshossi;agyrak kersude any ot her
apparatus suitable for form ng contoured structure in material 4 as

desi red. aDdr pA§OuSeSUpFEsshreni ynekeptedfoatehe fPPRErnameériaf 4, and the
mat eri al S t i ORP [ poi nt where the
enbossrngp %gsgégeggggrgn%EQ? & g? ﬁggaﬁgg?rgkgﬁtt% % goother Thi s
resul ts incbeadengtbé pheswaké hﬁvthg émbmssthSgﬂ thet helderecti on of

arrows 5. Rotat t 2 renders the cong ete pleating of the filter
mator | al MATOBT 9L dAf PRAEETaRd &l SoTRBOTFL SLPRIEN  UnSEABRELFRICar . Bendi ng

of the f'bb?&%”ﬁt@é'at 42ar gHAdot Rept ot atheni PeL-Bludr abgookngneases the
pressure of the fIOM/through t he fl?ter material 4 [eading to a negative
change |hn§erm@9hehec@mb9992my BIGSEI@, 2aldhds9rdepbct thdei Hievduction of
an inter d|a <35 ¢Fl ustr e vie f ol ded
series on? %815 ?e W%a1805|tlg% §%§§H§o§hg Eoél%%gﬁssfz and 2a
further ehbustﬁa@e3maFtss4 haan@g2enﬁosShegslllaadraﬂeewaemsaue enbossing 3
of filter material 4. The |nternediate enbossin [ itigned in an

3 1S pos
alternatPﬁ&lbgs?F?BﬁSb%@ﬁeenaeﬂbbgg?ﬁﬁédiat?h%m%P%Eeﬂ%ng of theter
i nt er nedjat - egbogsi Ngn3, 1 A SHOUN,EA 5%§%s§§ngh§|9§ bosavobdetihen
undesirabl e characteristics described above by providing stiffness of the
mat eri al a2 agaene@tbegdpﬂglarcunbePUEﬁﬂ embpsshegpl at . That er nedi at e
enbossin 101 dlgple 3t§ fegs { he {llter wal | af the rgtatlon P?bnt 2 of

FIG 1, UtCEhTeteRtr b en%055|ng feaﬁse?boﬁ%r%gcoét reparatlon and can
al so redpgg h@@p@ff@C&VM@dfthéeﬁn@égﬁr@ﬁléh@hérhteérléeﬁa5] FIG 3 depicts
a preferred orientation of enbossings 10, 1l4a in accordance

with t hedpPesehedi Averei BA. pﬁorreéege%béérﬁ@we% tljge m3paria2, 4is shown
having a, ?gﬂﬁéé'E¥n&98@t§9o§hangé£§9 posktiye Eﬂggesn?HEe}%eéDth'Sta

enbossnen Oa at each end of the positive elongated enbossnent 12. At
| east onemdpssahgeabossmehe 30atrﬁfehe fhestiéhbossahy abwths negati ve,

that is, | xtends.fromthe he filter material .in di.rection
opposi e Db EREE BF Bhmsenohte-10; oot "Ehi thtSFeTconer aei el BotiEive. A
second egbogsi8gchewW havhngphwetebangatiedagnhossnmeatiscd4indda is al so
formed and positioned at a location |laterally spaced from enbossnents 10,

12, 10a.cThechiverhalFny erbossShehbeséghbRts avoid | ocations where an
e”bOSShEﬂb %ng &'Oﬁsdggieesn ”?9@%e¥?e§”9r98§£5£YSna89 LASLEDYgyoi ds the

formatio | rnes or ation points as are present in"the prior
art confilQuradapn32, Al4| edds oneaetongahed embb35henprééants negati ve.
[0026] FIG 4a, and 4% g EICt the first enboia M/% a.and the second
enbossi ng YW 1°B; eCEFVETHOSHhER Folde teresr SEPGRture, the

first en39§§h@9ar@@hﬂrél§9dlebgtéﬁcémgngﬁ@ééspaglEQ%é1eﬁb6§§ﬁ@ﬂtpﬁ28||e| to
each other along the material and the overlap of the various enbossed

segnent s2pfleventslt febpormantohlof 18aretathoh pofinefashaasctorned in the
nater'alefoggagegie%bossment 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



[0027] FIGS. 5 and 6 illustrate a portion of a filter in accordance with
the present invention drawn through enbossings 14, 14a. The filter nmedia 20
accor di ngvoaotigo2avention is formed froma filter fleePeTars201005315%¢en
cloth material, typically made fromglass fiber and plastic fiber
conponents or the like. Fold edge regions 30, 32 define walls 40 of

mat eri al 20 t herebetween, and enbossing portions 14 and 14a are

advant ageously defined.in a single plan and t he plape enhossi ng

o 1 onot 142ana T hacn o phefal b aPrant safr erhPF B PES. R pBne of val s
40 such 1bat whea seterhatid§ esbbokdedti peombhes"¥ropatiernrsbpwn in FIGS.
5 and 6, enbossing portions 14 and 1l4a are substantially parallel to and
equal | y shatedanr ohrefPBSEEngrpoFt fbABS 14chrigen4Bcoftadfaeedt wal | s 40.

[ 0028] nelt _adhesi e - I n_bo i desi he region
of the QQQ%EE#%SSQQQ gﬁgr%gg.ggééﬁgfgﬁgeggg%éggggpggi%ggﬁigﬁoﬁ%g?% FIGS. 5
and 6, tbhe hotatebh madhessv2 bthreadspB2sgotnitogetherido &otm
interconnec%ed adhesi ve gupgort portio$s. The nutuallé adj§$ent fold walls
40, after thedBlRESPUR- 32%hasCedt, CareS 8epRLERVETYOEFERPad i tRrify in

posi ti on,08-both. sides, by virtue of those adhesive support portions 32,

which is a substantial inprovenent over prior art configurations. [0029]
FIG 7 i[PB36}atEsGa parendndefdarifttehei Alagtordaneelingt Aovhé-aresent

i”Ve”ti09n§29ﬁ%e£858H8heﬁﬂ?8§§%§9§o%o%—621régﬁ?g3@9?ﬁ"te%hgﬁdia 20

accordi ng rnventiron r1s rmed Troma er éce Or non-woven
cloth matetdall, ihypi eaFli ytendettuotugbtasshéi bersandmpbasthg tobel-a
conponents or the |like. Fold edge regions 30, 32 define walls 40 of filter

medi a 20°PHeFBBefEBRT GHACERHBESTHY HoPt FOhs 40P3164 andC 1228k e

advant aggplsly, dghinedei NaBe$iAY 8nB! BRE. caBd1Lbespl ane of-ephessing
portions 10, 10a, and 12 is preferably oriented relative to the plane of

wal | s 40esbehsefatcohent papeeiant20ths fokdediont oft AerdVeatpantern shown in
FIG 7, enbggsgng Qor%ions 10 %Qg,mg?d 12-a eoiupfégn ially parallel to

and equa??§ spa%eﬁ ro%%@%%o%ging por ?6%%11 , 10a, "and" 12 of adj acent

wal | s 40[000080F 166t pehhdadhesivetthteadspdd4tane apphi edioesrbohh sides in
the regi on of the enbossing 10a al one and enbossings 10 and 12 in
conj unct FERCTMRRAST Bf HedtE® PResSPBSi tRBANERBWNAFAYEI B1r7UIRhe hot mel t

adheSiVee&ﬂ6§§9§?§41h9iﬂ4£99@BQeEiE9e£O&QBEQt§60988898§9g3996§h¥e suppor t

portions. The nutually adjacent fold walls 40, after the adhesive 34 has
set, areinespecvinvebyfokaapedrdmral yilnepositeon on hothwsvdesclbyhvirtue

of {hose,adhesiye suppori, porthons. 3t MLeN:is 2 sulsiaatisl Lyproverrent
components or the like. Fold edge regions 30, 32 define
walls 40 of material 20 therebetween, and embossing
portions 14 and 1l4a are advantageously defined in a single
plane, and the plane of embossing portions 14 and 1l4a 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

adhesive threads 32 join together to form interconnected



[ 0031] An additional undesirable bending or accordion effect is illustrated
in FIG 12. The accordion effect contributes to the deformation of the

pl eat, whWwolroiwmn4pezen i ncreases the pressure drop of thePCirlusestodsass o the
bad aerodynam cs of a deforned (not a perfect V shaped) pleat. The views of
FIG 12 illustrate this undesirable bending, which can happen when

enbossi ngs spread laterally as shown. x represents the ideal configuration
of a cross, section of epbossjngs. See FI 10 section F12 air. bl ows

Chr ougn TATCEr HeareP a0 BRo5oHra: | ACPCHObLT ahd FHATERBEEPhGs BebFN 1o
lateral | yospreadr asei hbystiatedabyay. sdhe pleatedpbittieel pedi angdawi | |
begin to flatten and | ose resistance to bending. As a result of the

cont i nui AT REr eBseCPAtppeselreothheidabossyngsrwhel of osROFBrm as
illustra +y. ssbng etch_a mthe pleats
0 wi | T r oY S aRE T BB F ot - as2bnoin | £he EACFOur o of FIG. L2

| nt er redi@apeoeanossi ngsrppsibroaed acodidungtionthe i nvention | eave

unenboss es_of terial that help resist |ateral spreading of the
enbpssnei89§8gegéﬁseg?th?FBF?tﬁ6n§e956§§8a Bgr?igh?B?rnﬁPerial_helps to
resist thechatghat spreadh8georErefier abl¥ntibe AeprEMDRSSEgnHpOrtions are
positioned so that, taken together, they define a diagonal |ine (See Figure

11) of efBbsspRYIr &, f 1Rt etOfedTAcwAL Ehehenpdieo2Pr evenrdsngetehi ng of the
pl eat and, embossings, [Q032] f%8”fi9%5?%%9”§?fe&he%fg?8§§%898?ﬁgcordi”9

The
to the invention eglnlnates %%?h rotation poi n 0 and
accordi onletheettofikFl G t{Ricdbeyfnbhtier fpont gdassshowari andl £8asbid

illustrate the orientation of the. folded.and glued filtﬁé negéa 20 as shown
in FIGs.f%b%ﬁdC?TPOWﬁ%tEoﬂFi5%?a%?%ﬁ°0?o%ﬂeeﬁ fptedtels Rat t he

horiZontééfEQéa%EQDsp@bn&fszYtQEGﬁé&ESZgO”P%érgﬁéE%@QB? ghagonal line 40

of unenbossed portions of filter nedia This configuration of the

unenbossedbposenbossetipost 18ns10a, f ehdet2nedéaadvanedoecesstkie accordion

ef f ect, ﬁhggg% Ege en?gsiingfaﬁest ggog onelaggthgre%ﬁosu ort the filter
medi a 20°a5 AFY 12 forced ThPoUgh i €77 00337 1A s@eniRORT G 911, the main
i nt er medpateienboss| ngod2 asdbophiabpverandobel owidhaganak140ivénter medi ate
enbossing 12 is able to gerforn1a doubl e function. In order to sustain the
pressur etiPt RiAnehetsyat &m 48nbosSti hgeiovherpsaterkeep2Phéspfeated filter

medi a 20, a8, stfal gt §§t98§§ithwﬁngne§?8$sbPge$8o§£§ﬁg2%59§i59skeep the

accordi on e?fect of materital 20 to a mninmum D agona hel ps to decrease
t he pres30relfapwantirdlghréi btestardial 490 beadihglt bol esd egsiasivve

aerodynanicg th%ou h thess stem Thencui ent .desi i Llu tr t ed iQ FI GS.
3T vuCRe e Re pPEoslE=ay i Cansea by her bRt Pan BF {he-fi FrePPwal s and
thereby preseryong the desired flow characteristics of the filter.
[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
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 i1llustrated in FIG. 12. The accordion effect



[0034] FIGS. 5 through 7 show fold Iines 30 for material 20, which are
present along fold edges of material transverse to the enbossi ngs as shown
for exanpwe 20n/EHYBE. 3 and 11. The preferred orientati orCofUSeooOSHEIYG r ows
1-a and 1-b provide that when folded, first enbossing portions 1-a wll
face each other, and second enbossing portions 1-b wll also face each
other. Enbossing rows 1-a and 1-b are positioned substantially parallel to
each other so.as to it a icati n of a he ive to_embo S|ng r ows
T and SoBESiBRceBntP ot r Fote i RS AfnsBVBTCRRT chh hPbvl BaECFEY A
const ant 1 hel-ghtc 8r tBEDYRE sefiradhesbverperel engtbragudeshr edei Pa@ccor dance
with the present invention. %0035] FIG 13 depicts the filter nedia of the
present pAVeAvNeniaft Afaaplafarineyd oRokntepPabdrateVefbassiihgelefte.
positiveq n gat v n n o} eof. It has
been founggbﬁ %wgn&?ng?gésgki%lgﬁgeaﬁgge%ﬁl%fgpﬁgg?%é ?%tgggﬁggééanS\Mll
i ncr easewhhehstaengtbpeoh Whenféhbessmngerbpkeaddldeerea$g abeshendlng of
the walls due to force exerte % ter terial by the air pressure.
[0036] FFG SRASEEPrEt PEhedar gSﬂ% l%PF%FbﬂP P n%sCB?SﬁoﬁeﬁHb8§s8 mat eri al
t hat WHYeQEOEQEHﬁg onsékl teg. medi 3ee0mphi #1pg aapl wral biywef thabegpedi ate
enbossi ngs the intersecting diagonal |ines of non-enbossed

mat eri al eéheprmvﬁaé 40t rpssspilke refntefeenend tbetABLAAELNES prevent
accordio spre ossed [Q037] F 15 depicts the
pIacenen? g# tﬁé ggégg%ginpﬁrggﬁédgg %g?ﬁékggﬁed Bg %ral# y of

i nt er nedpatetedbosstagsne{i0833p WlllSbé@lbetunﬂEEStGDdahhalthe pr esent

di sclosure is not limted to the_ illustrations described and shown herein,

whi ch ar E°8e8rBUCEo BePRBrely- i | PastrativetoP’t hBSbeSE mBlesYof carrying

out the ipvepLtan; napdewhi,ch, aﬁﬁeséﬁE@QEh9§§ piimodiEbcatign 9f form size,
arrangenent of parts and details of operation. The present disclosure

rat her |SllnﬁéﬁdéﬁdtbYentmnpaﬁbealthgu@mbﬂﬁalﬁgeaStDﬁQChha@ﬁ areewithin its

spiTit apd soppe As LlLustiated by the fioungs, and dstined by, the cl aims.
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



WHAT IS CLAIMED IS: 1. Afluid filter elenent conprising: an enbossed fl at
filter material which is folded so as to define a plurality of

subst ant iaDI2g11adpeeent wal | s, each wall defining a pl an&CTAsedians’ibet ween
two adjacent fold lines, said wall having an enbossing conpri si ng: a
first enbossing row having a centrally | ocated el ongated positive
enbossnent and a distal enbossnent at each end of the positive el ongated
enbossnent, wherein_at .| east one _distal enboss t IS negative; and,

o econar bHBLaT R P 0P s ERTEaST bk anaCBARATT P FbCH he FPP St ehbgss! ng row
the secoaghesbosgingeEoWubaNi Bect WBoehongabeduppbossaRat s;1vberein one

el ongat ed enbossnent is negative and one is positive. 2. The filter

el ement BederaPth a5 aheréfnfepaedstareudef ihed along the first enbossing
ro“’bet“ﬁg83§ﬂgA§eQééﬁlﬁX.%?8?t?9,p?ﬁ%th¥§n6999§§ﬂggﬁaﬁ§deﬁ889593 the
e nts, e e

di st al 0SS erein a space along the secon 0SsI ng row bet ween
the two BRongabetheabossnmentishbehnd @hegenalt #@. spacesroédiheefi rst

embossing row are pgt;aligned with each othels e function. 1In
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 l-a
and 1-b provide that when folded, first embossing portions
l-a will face each other, and second embossing portions 1-b
will also face each other. Embossing rows l-a and 1l-b are
positioned substantially parallel to each other so as to
facilitate application of adhesive to embossing rows 1l-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



3. The filter elenment of claim1l, wherein the second enbossings are
substantially uniformy spaced. 4. The filter elenent of claim1l, wherein
sai d wal Iwodefivmag2deal | edges each having at | east two f@Ca/useeesss31s35. The
filter elenment of claiml1, wherein said first enbossing row and said second
enbossing row are forned in alternating sequence. 6. The filter el enment of
claim1l, mherein said first embossing row and said second enbossing row

def i t || f f 't . 7. Th
[i1ter cPBmeRtoOrogt P TToWhErBn STd 1T CEoBhOBSSI Rg FON U Cher |

Conpriseﬁh@ Phytéklhatéiléﬁnéﬁ@|&&ck@é@éegh@|@@§@lﬁg erbessnpat 1sel ect ed
fromthe group consisting of positive enbossnent, negative enbossnent and
conbi nat ¥eastehépeee . 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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8. A nethod for formng a fluid filter elenment, conprising the steps of:

providing a flat filter material; formng a plurality of
subst ant iaDI2g1pEe|REl el enbossings in the material, the ecibasgings3iss3
conprising alternating first and second enbossi ng rows: the first

enbossing row having a centrally | ocated el ongated positive enbossnent and
a distal enbossnent at each end of the positive el ongated enbossnent,
wherein 3 eagt i stal enmbossnent is negative; and, t he second
enbossi ng nd parallel to the first enbossing row, the
second enbossi ng row having two el ongated enbossnents, wherein one

el ongat ed enbossnent is negative and one is positive;
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
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.

12



appl ying an adhesive to at |east a portion of the enbosssings; and,

folding the material in a zig-zag pattern so as to define walls of the

mat er i al ,weaeoh/oaed2b having the alternating first and se®OmASeAoOSHENG r OWS,
wherein the adhesive bonds the enbossings of adjacent walls together. 9.
The met hod of claim8, wherein spaces are defined along the first enbossing
row between the centrally | ocated el ongated positive enbossnent and each of
the distal enbossnents, wherein a space al ong the second enbossi ng row

bet ween the two el ongat ed enbossnents, and wherein the spaces of the first

enbossi ng. romearel net alégagd withigaghi ot heereidOsaThermethod of claim 8
wherein said first enbossing row and said second enbossing row define a

strai ghtedgPagonay rprieadf eabdsseagnfresbephieg Aavepial 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,

13



11. The method of claim@8, wherein the folding step positions the walls so
t hat enbossi ngs of adjacent walls are substantially parallel. 12. The

met hod ofwol2aim48926wher ei n t he appl ying step conpri ses &ppluseelg/083153
substantially constant ampbunt of adhesive to the material per unit length
of material. 13. The nmethod of claim@8, wherein the applying step is

sel ected fromthe group consisting of applying the adhesive as a conti nuous

t hread, applying.the hesi ve in.spots, and conbi pations thereof. 14. The
method of ol af AT 8L RharEi REESFHCFi P8t SefbsErRGOF b Filr tReS cofipr i ses a

pluralitycefngentrakl yrl opat gdrcel ongatgdnenhossnentngetpsted fromthe
group consisting of positive enbossnent, negative enbossnent and
conbi nat fbRSrLRkEeef L1rst 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.

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

14
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elongated embossment selected from the group consisting of
positive embossment, negative embossment and combinations

thereof
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