1 FILTER ARRVOIGEDDY | ING=REMAVABLE |FI LTER W TH FI RST ANBCHESEM220ED A
SECURED TOGETHER Fi el djjof Thegepiwegrsi on 3| The present invention relates to
etH-aed

filter arrangenments. | pti-et y—coreerns filter elenents with
prefilters. The i nveRILDPRARRANGEMENTTNCIOUBING RESFOVABIINFILTER WITH

Background of the Inventi offR8T AND SECOND MEBIA sh@mgkﬁﬁp@:ﬁakﬁ engi nes
for notorized vehicles, power generation equi pnent and simlar equi pnent

generally need to be filtered, for prot%&%&ngi ne equi pmrent from
parti cul at es casrriedinthe air streans. ) r filter
arrangenents are utilized upsﬁ]ream of. the eg%i ne, with respect to air flow,
for such filtering. 15 ¢ present inyentign relates, to filies aprangements j It apttisulegy

renove particul ate (W1 I r d
as aesthetics or pceéﬁsaongltﬂkéga{e?ﬁh%r%‘ﬂi%wgﬁi qﬁ%&%ﬁ%%%%lgfé%a%ﬁﬁqgépoéﬁer
systens for vehicl ggedbBhardsuskarge agricultural tractors, nobile homes and
aut onobi |l es, serve this purpose. In general, principal areas of design
focus with respect to such filter 20 arrangenents include: accommodati ng
space |inmitatildhs; achieving desiredBagkgtoundfofith¢ Inventignef fi ci ency; and,
obtaining preferred lifetinme,of. use. It is generally desirable to provide
for relatively long life or é)%rt’é‘t%gatr?ar"f‘setofe’%gpé? Oéﬁ(ﬁ%@‘?evﬁ‘g??esﬁo Hat
frequent renoval agpgerRRhaeaFaRht Hd SnibhPEqQBHRER Beserhify AXQItH S AIlFRNEYRr . 1t
is generally preferred to%gbt ain that Iongqul?xigfe vr%iEteﬁoﬁ){ substanltial ’Foss of
efficiency. 25 protectioipf the@bpiR¢ £quigemat frompastiduldtdsenarréedrianigeae streams. In

conprising a prefilter CQnPBrUCt lon including a textile outer layer and a
| ayer of foam mediSEnemb akr fiiargyrangerpents pregidized wpstieam of dieLAnginss Hah respest to

pockets by seans, Ware Brihg, ﬁﬁg{% may be stitched. Summary of the
| nvention 30 ’ According to one aspect of the present
invention, a filter arrangenminionmessystemsiitizdesifdbee foirkmove parfigllg@Rattrial from air
generally includes _an air filter with a nost upstreamfilter surface. A
prefilter is positil@WsHeams faspwiier rpsers, suchay agshatiss oupersonsh heglth andrcomfort.

f . Th fikt ' : I t t I f filter.media.
Brcf or abl y. one. of SRR ERirAer SRRt VPR B SheBareet B et ceators
fibrous depth medi gob@dHomss and AtGREANRY, RAR 18 I;up;g)s},_ayers of filter nedia

conprises a layer of foam depth nedia. In
20 In general, principal areas of design focus with respect to such filter

arrangements include: accommodating space limitations; achieving desired levels of
filtering efficiency; and, obtaining preferred lifetime of use. It is generally desirable
to provide for relatively long life or extended life filter arrangements, so that
frequent removal and replacement of filter elements is avoided. However, it is

25  generally preferred to obtain that long life without substantial loss of efficiency.

Summary of the Invention
According to one aspect of the present invention, a filter arrangement
is provided. The filter arrangement generally includes an air filter with a most
30  upstream filter surface. A prefilter is positioned in covering relation to the upstream
filter surface. The prefilter comprises at least two layers‘ of filter media. Preferably,
one of the layers of filter media in the prefilter comprises fibrous depth media; and, a
second one of the layers of filter media comprises a layer of foam depth media. In

certain preferred constructions, the air filter has first and second opposite end caps.
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certain preferred cg oS, —t+re=ai,r filter has first a

opposi te eN{ 2843332 I@&Eh‘e ts, preferably the pw g}rlgwo
conprises a filter @an TECHORERI rcuneribingd the air filter, in covering
relation to an outer surface.or pel 5 hereof .. I n _sonme applications
the first and secBrifrGMErRipunEpS AP PERyLI e e FrDRises S3UR FORRaErOn;
and, the air filtgfeunSscABAg RS AiY fift¥, 'ix'i‘%x)eﬁﬂ% rel it 8 R Ruder s&?&c‘é%?Eﬁ@i&ySUCh
as the ones descri bed above i nclude, as a prefilter, a strip of fiblous
medi a secured to thessofi In @imd gmplicaidisahdfyrssind wbomiendSaphara afrangeinmnt grealan

generally be configured to be ring-shaped, with a transverse 10 seam for
many appl i cat i onsconfigugaionaand, thechiefilterds aeneaailycarbindgcalt he | ayer of foam
conprises a e downstream,l aver, of the at |east two |ayver f.media, .
the prefilter > In some arraRGOeRPsareiREmants sk gs4pe Prssiditirtbed skOYq i iy
pl eat ed nmedi a congpfefidietr, Atrip Bf fiBYOMs ARATARESIrSd to%’s'iﬁﬁ%foahf‘xﬁe@ih’bgfstﬁ&ﬂg.w I
be arranged 15 wth the nedia positioned between 1 nner and oufer |iners,
and i n extensi on Sethwemgtinests camgerseallyriwt configeag so b ying-slwples,, witlna snav$verse
systens, the outer Iir%er defines an outer filter surface or periphery for
the air filter, wHAEhIQMpRARPEGYBEnstream fromthe prefilter. It is noted
that there is no requirenen k 42N '

certain advant ages of the pgnegéer%'lt“%}%\?féﬁepi on %egﬁ%%é,g}geglgjfeﬁggféag%éémﬁﬁ&samore
I n sone arrangeneddwnsticam hydrif e ul leaptvsiagdts opgediana ib@prefitet.ng an axi al
seal bead thereon; and, the second end cap 1s also an open end cap with an
axi al seal bead thereon. | nlxsnme ayangamsnts: the agifilter jncludes grylindsisalpleated 5
conventional filter .constructio h.as used i.n light. t her
venicles T such ESRSERUEETEhe T rRRE Sl et ntBes HEN P FILA Bl
new construction steeHe iRdRApodRione @bt BBeCAII\RI:IRBA! arRl ihdRGABAbetwWeeh
use. For exanple, such arrangenents are quite usable with vehicle air
filter constructi Grssandsecond endcapsd Tapitally,imsgphcsystemsathé phtee herglefines arow

t her et hr ough at | east 200-400 cubic feet m nut e. ((aboui ,0. 09 - 2
Merr] /) dur Ph. REFRATFS Ao TReCPEE e Grbp sdRtry g Rsmaiom
engine idle). At {Hé';ﬁeﬁl?ér. FON MR tBH Ghers ¥HoEBuNAEE o PRnENGRAUH @ TindEk, 8t least
relatively lowair flow In 30 such arrangenents, the air filter
construction, w tfoutrtaineadparaigdstof thet freseatimyvent®nad benbrinedul ar
(cylindrical) with an open, _cylindrical i nt&ri or . (?uch. construlgé i or}? .
typical ly have an inside di AWS9MB¢ afRGesments. thy S5t epd cap 1S 3BPRER £7F 93P Haydean
(about 10-36 cm, | de..di H L ot I6erPindeap\Gies, t O
55 nches (abouy T-sabgfad(hereli e ool b fhp L1sh ARGFerplnchedy

PCT/ US97/ 122980 3 #tiabseahbexdribéragn.t n soaEsyspipk; thahir Giisr will ¢dmeprinees@nientional
I nvention, a

filter construction, such as used in light trucks and other vehicles. In such
constructions, in some instances the prefilter will be a new construction added to an
otherwise conventional arrangement, for use. For example, such arrangements are
quite usable with vehicle air filter constructions that are sized and arranged for a

25 filtering airflow therethrough of at least 200-400 cubic feet per minute, during
normally encountered operation under load (i,. not at engine idle). Atidle, of
course, such systems would be encountering a relatively low atr flow. In such
arrangements, the air filter construction, without the prefilter thereon, is often
circular (cylindrical) with an open, cylindrical interior. Such constructions typically

30  have an inside diameter within a range of 4 inches to 14 inches (about 10-36 cm),
and an outside diameter within the range of 5 inches to 25 inches (about 12 cm-64
cm).
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prefilter copslggelsbon for positioning around the cylindrical patrrusbiiizes
construction is provided. The typical and preferred prefilter construction
generally conprises a |layer of fibrous depth nedia and a | ayer of foam
filter media, with the layer Alfo,fa0e0riing to 8BiEle ApFiRhfichsSTEM Hdsd? idVRRtibR%Er
of fibrous nedia by stitching. Acircular or ring arrangenent, wth
stitching al ong opptfilteecensgustiondor positioping amund the Aligdrical hir fiier cohsamctiomiy

t wll cal | y.be f. f t | trip whjich h b
Sewn nto o roul BOIRy TR SHEA IR PorETel wel Dy tion gneraly fmises e
Preferably no upst [£8MmOfib@daydsih &Rbld dn'&earl_a%'f?r 968 ﬁgextrg@dig,r\@{th \HeQhyer OF foam

course an upstreamliner 10 on the air filter can be used to support the
downst ream si deS of meliz i sectued to the layeref diskoad innsalin By stitchihfloAecipuik er ring
arrangenents according to the present invention which include foamfilter
medi a, the foam fi PERIBCHERE VIHY Stitehing rlong pppasite eAgasr will boprefirted. Adspithse an
open cell foam Pref bly it will conprise.,foam havi at least 30 15
pores per inch (at 8@%@9%0%&“%’? tovlélsgegﬁﬁa!ly%ﬁg%r&?fil%f’W?ﬁyeﬁﬁqlpk‘é\h}@ has
cel| density of grganSewnlafd AlRklar $RgPAbS aaﬁﬁsv!efa;e@e&ﬁ,?wimtﬁémﬁg? Prdf&fably no
nost applications. Preferably it has a cell density of about 50-55 pores

per inch (19-22 powvestyeam)qr demasizenplineds usedomi the petfiltan eOf caurse a wstreamdineh

o et bl bRHR il S WS PR TRTR LSRG ke ORI insome

constructions, the.hgyffenaf media will be positioned with the foam nedia
oo ¢ 3 . h

conprising a nore 1 nner, dowstream |ayer; and, the |layer of fibrous depth

medi a conprising a nmore out ein thepspresttedl atdREemeHieadebRAIsM Yo tHO leséit Shwhtied
prefilter arrangenents have only those two | ayers. However, alternate

constructions are YBishiipglade fogm filter media, the foam filter sendia effthe nrpsiiteneenstruption

outer layer of fib d di.a_#pcl udes. a,hranded or .embossed. porti o
therein. The terns&ﬁﬁ%mng@%hangﬁ’ n.%%ll %aé%gﬁefefa}?g‘tfﬁiwgﬁ&%’m)’é% Oy V"ﬁoat 23030
portion of thels i bpsres peradiipaMuasthboas] PeRes/eRNPTARERN it WiPhERavY a\bkll ReAdno

application of heat, to permanently deformin sel'ected areas to produce a
sel ect ed indici a pefigreater thae akeut 80 Pocespst insh i3 Wpdres/cyppifemmbst appligatiose a

trademark for 30 _the arrangenept, alt h ot her indici y..be used., The
pattern may be for%&raﬁﬁﬁta}@gér’rﬁﬂéifnﬁé' ‘groag’gﬁ é’WH?Peé“b‘ﬁ\'&g“ez,z RPT %‘Fbﬁ“

indicia or 1090, Ofn{gHdedDolAhARIHANS AIQFMSAEh arrangd Eﬁts?ﬁ@%ﬁ?@fﬁ%&:kons
of the present invention, thé filter arrangenent gen(grgxl y conprises: (A a

downstream air fi ldepth medlaydefecpbly éommisespdiyasteditsty.ucti on, for exanple a

pl eated constryction; and, (B) a prefilter including: (1) a. layer_. of_ open
cel | foam nedi€. and, (2) a rasf-‘éﬁaﬂb?re¥ ﬁ@f&ﬁlwéa?rﬁﬁmwsp%mef%?fmgdwwﬂl be

general l'y positioned with the foam media comprising a more inner, downstream, layer; and,
the layer of fibrous depth media comprising a more outer, upstream layer. The
present most preferred prefilter arrangements have only those two layers. However,
alternate constructions are possible.

25 In some arrangements, the outer layer of fibrous depth media includes
a branded or embossed portion therein. The terms “braﬁded” and “embossed” in this
context refer to a portion of the fibrous media which has been compressed, typically
with the application of heat, to permanently deform in selected areas to produce a
selected indicia pattern thereat. The pattern will typically comprise a trademark for

30 the arrangement, although other indicia may be used. The pattern may be formed.
for example, as a single word, a phrase, a design indicia or logo, Or various

combinations thereof.



5 posi tioned upstr Fm.”ggh ve tu trgw of air through the system from
the first r?é’ﬁigg['o}gzaﬁstructiga,rgPL E%I Bojje, a preferred such ’éﬁ:{’é’ﬁﬁ"g}ﬁé%
utilized in conjuncti ' cul ar}cylindrical vehicle filter, was .

descri bed. O her usable arrﬁngemsnt Si aﬁ’é%gfs i ble. One exanple is panel
filters, as shown in certain®3{™ARPIRYRGEY hEPresant invantipn, ghefilteriarangement

applications as epghdi@iyPédmbrisel QY ' | 0, r di -0
the present i nvent@i on Vﬁére Igpe%:ﬁ]éi%cagrowyggéeag?é%g?}gﬁgg%gﬁlgﬁtlir(ﬁ @%@8 cgnﬁg.\cﬁon,
conveni ent and ef farsxamplef opleated constrrctiong lahd (B b redfiteh pi¢iutng2 @) ASaykh 2E8peaf
at least 1.2 Iitersl and tgpi cal I% 1.2 liters to 9 liters althoughthe
arrangenent can b&® | foam medigt ansh (Denavstrod fibwyus meagian sEheprafilteris generdlbyr

exanpl e, the e Wl |G W i hatruck engi nes of 225 to 50 )

hor sepower ( ab%ut %%gm%@ pi@\%&’fﬁ%’ﬁ% ?0 v e g?" %g“gr}‘at?‘f’ é%"é’ﬂeﬁﬁ‘?mt@?)g’?émegla

conprises a housi ognshaviioty Hereiabove, h bRifels QIR ihi RhenB@Nedlih Yodnction

descri bed herein, operably positioned within the housing, for use’to *llter

air. I'n many appl W& @ieylar cylindrisakvehicledilter, hay desaribetli @ihenusablendreingementan

axial air outlet. In thglgc text of .cabin air filters, filter arrangenents
S

according to the #§PoSy KAVRITF BRShENETSsFetpPIdR Perain e hgrfpresciepin.

efficient, convenient and e L. fQhi: US: L th syste I Mol ving a
typical air flow through tﬁuﬁe&g{aeba:{’ﬁnég ?ll%ﬁlﬁp %\%S, ngh etaﬁreﬁg?ﬁgﬁteﬁfmﬁ&?&fen%
cubic feet/m M (adcojdibiBhe peasbitdniertion Were sfesifioblly destaret!® Be BRIcRIS/ M n. )
Such cabin air filters, are fr?qu,ent |y used, for exanple, on autonobiles,
truck cabins and SYYERSPt apdaftective iy use with dight vebirles having engine sizes of/at leastls

i ai ngs.  var | ous Brked anraCal L Adds BLaNRR AUndh R BrBitg ceale bt in

wi |l be under st oodththaintéxis. SWith cldd§ 5angesks! Bt atdnfle, TRE &del vl t?fg}i%ﬁl?y B8 ith
conponent thicknesses nmay be shown exaggerated, for clarity

under st andi ng t hetraek enginesef 2% to SOhisorsapovdt. TEint £ir fikgy aetaagerhéntttisicallyawi ngs

are for purp S ggmerxsarrgl e anly. .The techni ques of the present invention
may be applied i n""HPRGHE 2PPTRE havipe amalk ftercqnsinastioncggnsrally aARENmed SpEET
WO 98/ 02232 operably positioned within the housing, fi t i icati

PCT/ US97/ 12290 5 Bri et Bescript)on of the s fonuse to filfer air, In many applications. o

view of a filter Gedgusingwildhadi apdia! pir édlet andranasiabdeidiongett o t he present
nyention. Fig. 2 1s a fragpepl o ert o eabin o Bliore filter srangaments according to e
, g. :
present invention were specifically designed to be efficient, convenient and effective
20 for use with systems involving a typical air flow, through the cabin air filter, on the
order of about 75 cubic feet/min. (cfm) to 300 cubic feet/min. (about 2-9 cubic
meters/min.) Such cabin air filters are frequently used, for example, on automobiles,
truck cabins and agricultural (farm) tractors.
Methods of preparing constructions and methods of use are also
25  provided. ,

In the drawings, various embodiments of the present invention are
depicted. It will be understood that in some instances relative material sizes and
component thicknesses may be shown exaggerated, for clarity in understanding the
invention. The embodiments depicted in the drawings are for purposes of example

30  only. The techniques of the present invention may be applied in a wide variety of

specific constructions.
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Fig. 3is agﬁeﬁ&gﬁed view of the arrangenent shown in Fig. JP fbélﬁfﬁw'os a

top plan vi prefilter conponent of the arrangement shown
1-3. Fig. 5is a side elevational view of the éonponent shown in Fig. 4. 10

Fig. 6 is a side elevational VieWWW Figs. 4 and 5;
Fig. 6 being froma different side™tnhan si de

el evational view of an opti ofigl 1 iscd parefectievieaniarfaiet elhRWincidir s prefittér

in Fig. 7 indicia branded into the prefilter being depicted. Fig. 8 is a

si de el evati onal \ﬁcéwdmgtarih%lpflesqmlﬂtv@mlmrangerrent accor di ng 15 to the
present invention shown posit.io ed thin a conventi onal usi

housi ng depi ction being schef&t ﬁ%?fﬁﬂ?’zﬂ‘iﬁsé?ﬂ’opﬂ % egégmgdwee%:?’g“lgg
is a perspectiye view of an al ternate enbodi ment of a filter arrangement
according to the present invention. Fig. 10 is an end el evational view of

t he arrangenent depicted in B@. 3 iskngexphdeFivigw dflthé arréngefrent showaninHigw . of
the arrangenent shown in Figs. 9. and 10. Fig. 12 is a side elevational view
of the arrangenent shown ingﬁ‘gg‘kis ajop planiew of a prefilter componept of thg grrargement
back-si de pl an vi %W\%ﬁ??g afhangement shown in Figs. 9- 12, with phantom

l i nes |nd|cat|ngaport|o den fromview Detailed Descrlptlon l. The
Enbodi ment of Figs. 1-8 30 Fig 5isaside elevatmIE!ew@\maPﬂierE%H{poHént'§h9\§m it P, BBy
be used in a variety of systems However, it was particularly devel oped for
utilization ihBassociation Wight alasxdmtlame;ylsnmf thercolipghé¢ntwbbwa lieEigs. 4

typically Cass 5-7,truck mal | e uch as WO 98/ 02232

POT US7] 12200 6 ZlEGrbte pleme iy ‘V{f‘FanW‘g‘% B2 F&g Be class 5 trucks about
the size of a one ton pickupsdoym 484 é}g‘ﬁg% 8viSah gﬂn

general ly have engines (4-8 (:lg mc?er la ouvt1 1. ga‘?%{ers %fg??scom%%?em
under normal oper ahown in Rigshd-8; inyfhgc’alndmgbﬂadémda mabfdfﬂueebémgdemxed t he

vehicle, nmust filter air efficiently under engine intake airflow rates
of at |east 200400 cubic feeﬁlgpﬁew arﬁlqiﬁﬁléva(tlab@imle\soi&n g §iltpy arangemeny afcardjng

By “under engl gle ! 8%' I'Ege}gt ﬁ’llvg?ltl(ﬁlr% pOSlIlOHgJ %tﬁv’l a 9({:‘1&/%rhgangp}gq{5fn§ ?I\M | tions

in which the englne I I'ng operated t'o nove a eas th
its weight typicalhbysiBgidBgicfién b&As bchbndB0, frdpPnentarP QR Intfoss-decon. about
454-910 kg), and
Fig. 9 is a perspective view of an alternate embodiment of a filter
arrangement according to the present invention.

Fig. 10 is an end elevational view of the arrangement depicted in

20 Fig.9.
Fig. 11 is a front plan view of the arrangement shown in Figs. 9 and
10.
Fig. 12 is a side elevational view of the arrangement shown in Figs.
9-11.
25 Fig. 13 is a back-side plan view of the arrangement shown in Figs. 9-

12, with phantom lines indicating a portion hidden from view.

Detailed D .
I The Embodiment of Figs. 1-8

30 ' The embodiment of Figs. 1-8 may be used in a variety of systems.
However, it was particularly developed for utilization in association with air intake

systems for light vehicles, typically Class 5-7 trucks, or smaller vehicles such as



not nerelyy@od/sthsy Conventional air filter arrangenents forpgigessznzauch
systens 10 generally include the utilizati OE of pleated paper elenments
having a surface area, upstreamside, of about 10 sq. ft. to 75 sq. ft.,

i.e., about 0.9 sghtombbilé. Thesk will typidall¢ 8k klasss ehiciadb3OBEERE Sf Abke ton
configured in a generally cylindrical pattern, wth an outside cylindrical

peri phery or sur fpickumdesn tf paskenger &0s.suchi vehicles geperally haverengingd (48

580- 6130 sg. cm), an ith .an outer dianeter,of about 5 in..,to 25 in..
e 050 spon oldet) bhaiys Tt RSk g gHea opefition, iR airdn

t hat such systens. Ll la : blaeel: L0 :
through a relati v% slr?a F@fﬁﬁe'gler VEY%J%I%?'@?%II’EP%I@E%@I{? gicf etfﬁ%rgﬂ ‘%{SM éngine
oper ation. Arrangeraketairfloacratediofigt keast208-400 eskinfedt preminute(aboet SpeSictibical |y

devel oped to enhance this operation in songa%f)p_l ications. It is noted that
the principles demgteryedn »aBy bender engipelpainagd sigilapteymafwhat eneayés widsr 20

AL N S et Aty e
regarding the prifeiR|he tyPicalp Bel 0 lead COMU B8 CNDEFIbs 2.0 uRkl540$E USS b

wi |l be made of various énbodi nents. 25 Exarrpl e Enbodinent - Circular Ar
| nt ake Filter Attaottrhemly to idlewChdnvrediond! aiofifgrgsranger8ents for whe misugh fystemns

enbodi nent or_arrangenent accqrding to t resent inventiaon i s depicted.
oaror oo o EaReTR e RS Berhaion &f WeRet sres clgBEns hevide fionHg: an

arrangenent accor s'?x%a{nqsi&b%f%&%?@tsgf f'ﬂ.‘f@?& 'sg.”ﬁ., S Holt 6.6'5q Ah! ANAGTRL 1
conprises two principal ‘cofponents: prefilter’ 4i” and, a Brlnary rmain
air filter 5. In Tepicaliynsiphehaniatertibedofmired inldygenRfAlichlifdrichl patern, with
removable fromthe primary air filter 5. WD 98/ 02232 i ) .

PCT/ US97/ 12290 7 Fheutsidg cyhindrica} perinherhen srfpesareeeicahoyt 80 sein.5p 880 s8-dind

filter 5 and is n of j.se secured t.hereto in use. id]. beqc: o
understood, in prg#’glr‘trge@'gr@os&ﬁ% 8 t\’}'"}g'l aﬁ’r%‘g?rlc{’]aé'?aﬁr ?f:%m\g éslélﬁgo 5a & g[eéisti c

character, angs i satsdutad té64tm). Frtgine dksaipgidns arlitbRuppirentahitGubis Sstddes must
filter 5. 5 For the arrangenent shown iIn Fiq%. 1, filter 5
Y

conpri ses a cyl i nthove alrathey largeamqunt af air effisfengyrthrough avelptivety small filer | i ght
i.h_plan

Cen oo P Sl RS FUEH Bkl SRSt TR RS

first and second gRBRGHE Sre@PstifdMy dbQeldpsl thlenhhrite W88 @ptatiod inl dofie ppHERIohS

is partially inbedded in, and exténds between, the end caps 10 and 11.

In some pref err edltdonsted sioat itarprincifies dasciilzedican ke utiligehioraaiarigtycafphdr sgstems,
20  however.

Before a detailed presentation is made of preferred materials for
arrangements according to the present invention, and some theories regarding the
principles of operation are presented, a general discussion will be made of various
embodiments.

25
E le Embodi t - Circular Air Intake Filt

Attention is now directed to Figs. 1-8, in which a first embodiment or
arrangement according to the present invention is depicted.

Referring to Fig. 1, reference numeral 1 generally depicts a fiiter

30 arrangement according to the present invention. The filter arrangement 1 comprises

two principal components: a prefilter 4; and, a primary or main air filter 5. In certain

preferred embodiments, the prefilter 4 is removable from the primary air filter 5.



cylindrical hyopd/eased nedia, for exanple surface |oadi ng pl eapetupeperso
nmedi a, pleated synthetic nedia, or a pleated cgrrposi te nmedia. In other
arrangenments it nmay conprise depth nmedia, or a conbination of pleated
surface | oadi ng neTha igdtet @ Merepesttetchld or slipped around filter SRR 8¢ hdtn@hdrvisel J.
2, the particular air filter 5 shown includes an inner |iner 15 and an
outer |iner 16. Th¥ecpreddhergiodnosg. efts Milhbe yndessteedy in prefgreedpmbadimests themrefileat
in, and extend bet n O,and.1 1. .Each.of .liners 15 and,16 is
open- For exampl o, Te dagr iR Relc e fiisaead B otasen e i g
allow flow of air ¢hemgbAr@YnRRr5The liners 15 and 16 generally border the
media 12, in air 20 filter 5, on downstream and upstream portions

t hereof, respedtively. |t i sFoohedradgmenhstiown in Rig I, Gidter 5 eoraptisdsarcylindseal
and outer liners in ﬂl ,arrangerrents according to the present invention.
However, in many aBpiifteERasestigwalionmell kngpaterdight yehieles.t Fidigr b dneenstabior t
to the structure i) 1.t.ate . err | o. Fi.0.

10 general ly incl 3@%3“@1‘){% ?A%l})lléé%’qféa e%:‘}g%b%jsd"%%gﬁ fﬁoﬁgggté?ﬁ glk%ug#al ggt%ﬂ—gn%p

seal bead 21, Fig.toZFigiZ apGiteriSanaaded firenthdGesbnibppbidend capdl @ERET Bl In
filter 5 for the arrangenent shown in Figs. 1-4 is symetrical; i.e., end

caps 10 and 11 ar egejeridridiarynadia Fois partiagly smbtddeddn.candehsnds between, ke énd caps
5 can be positioned, in ousi n not, shown in Fig. 4, with either one .of
Che-end cape. (120, T FlodR BFPoR dieteth Sarticsigts. edigedia ng il bl o mrce
depi cted, seal headgindfcaldlpledid §1Qdia,fwleﬂﬁﬂﬁgég?%tlg%'néﬂ%%ﬁggg &Hﬁedég’,’ 1

1. For the particular arrangenent shown i1 n ps 10 ‘and
11 are both "open"pleated sppleticthadia,ios a pheatdd ebeiposirs madial M etheameadgementslinmay
WD 98/ 02232 : . .. . .

PCT/ US97/ 12290 8 preptésgdspth maerha, 058 combination ek pleatsd surigselpasding mediagrd degthy
cap 11 defines inn&_?1 digperture 23. The i nner apertures (22, 23) permt air
flowinto or fromthe filter interior, unless the correspondi ng end cap

(10, 11) is sqaled agai nst arefeasRtoFig. [ B patticullarRircler SRAbFhiiAiIudes @l inner
beads 20 and 21 are seal ed against a portion of a hoq5|ng, 5 to prevent
fl ow of unfilteredingriStand enghteaprer ifr ckheapnesagd pater Iipgss Eairng 16 errepastialbhe

ot her of apertures 22 .and. 23 will be seal ed,aroynd an.air .outl et ni ng..in
2 houstng dur i ng. debeddREing tadbhendEokpdt, 86 803 1B 2adh, Eferr M iy SRR PO
agai nst a cl osed sipeha®®r exanidpl6atl ity Be pMBYatedf expARddiSIdVEn aRafn@dsh] tocallo®
Figs. 1 and 2, in typical use, ai I’fYOW'V\A' Il first be through Erefi lter 4,

t hen through out erflow eéeair tigsrethesaigh. The liners 16 and il figemeraliynkardarshe media Kein air
into inner cyljndrical_ space or volune 24 of ajr filt?r 5, aslthie.air i
filtered and tfen tldliterre’ef’g OPRIERTh SHERTE iPREO8S thesso!: reFRestVglY | tbsé’qa‘?f;rt?‘ﬁter

Egg?;lslt SOd by ref 85eRGEnb Pedui@meft fol thnet Shd SiterliBRrd 1A YR AEnddnédiS bdidfdingito the

present invention. However, in many applications they are preferred, since they lend
support to the structure and may facilitate assembly.
Referring to Fig. 1, end cap 10 generally includes a circular seal bead
25 20 thereon. An analogous seal bead 21, Fig. 2, is positioned on end cap 11. Indeed,
in general, filter 5 for the arrangement shown in Figs. 1-4 is symmetrical; 1.e., end
caps 10 and 11 are generally mirror images of one another; and, the filter 5 can be
positioned in a housing, not shown in Fig. 4, with either one of the end caps (10, 11)
positioned "up” or "out". For the arrangements depicted, seal heads 20, 21 are
30  molded as part of the end caps 10, 11.
For the particular arrangement shown in Figs. 1 and 2, end caps 10

and 11 are both “open” end caps. That is, each defines an inner aperture. In



directed air inlet 71 and an axially directed air outlet 72 ng 70
i ncl udes aWEABdR2323 secured agai nst sidewal | 74 by wing nut P(%R%ﬁtflgfégé
post 76. As the cover 73 is conpressed d&vvnvvardly under forces

directed by the wr n 7 resses seal d.cap 10. The
opposi te seal be %"f’ C‘é‘gﬁf’l’ctpp‘? |nes IneLanerure 'Gﬁ an 19?1? éfgs%%ﬂw&rn and

agai nst the housi i

arrangenment 1 is Jab(\érem)vab e anﬁra[péﬂ'ﬁr g?%?gjg%nr?éoa%e% f‘ﬁgﬁﬁ%h%tgéﬁrllter

20 intelridt Ainlesk g dcﬁfc@@omﬁfg @id cap 11 G; A Pisnedledagainst b clded surface
description of the air inlet 71, refers to an air inlet that is generally

directed toward andpicaloperasiogi seakivenss 20 and 2y gregealed against amg@mmfa housingi n

he di f d 7 ks
Lii's context s QERBIR Ry aant ntied ARrgh alshdes 22 e, TIRRRNT e Pt <
flow of f1]tered ghgr SuibRid 92 bAODS yiflbb béiled AbBJ B aif Butfs Sﬁé}ﬁﬁg’ﬂlid ¥housing

paral l el 25 direction'to the central |ongitudinal axis 78." Housing
systenms whi ch havdurirgdisal Thalogtes ofised! beddal0 and R e1sl] be sealeel dgalnspawiosed
vehi cl es such as |ight trucks and autonobiles, In such _systens, the ajr

filter constructi®wace ypicaly @)Pwﬁpé&rmorlﬁn&eﬁt:&arngatﬁuFggsré apq Ze iy Rigal use,
general ly verticaly,, \f%die dﬁ%ﬁ%@%ﬂf& @Hhén %{ eugﬂ ofttef pﬁ‘ér 1%”@&9@%2 é’ﬁ%

It is noted that T h sone arran angen

it is oriented toinHérd e 18] éndfth@ty\dm@xrﬁleﬁéﬂﬁﬂdhaél sﬁicerbelvbm{e Mﬂa@rﬂt@mwd
the longitudinal axis. Principles according to t resent invention may be

applied in such sthswrinis filtered\and ggnaiizegted through the housmg outlet. ThlS wal be further

PCT/ US97/ 12290 9 Referri for._the s f| C

arrangenents showt? C{%%Ocrﬁhéﬁ?ﬂﬁ‘%é? %i% & gns "ﬂﬁg 2@) §ﬁ”?1‘8?“% uch
as a mesh gal vani gigghied §€ln1dtf7an@ %A TR By Jel?t@ct@éf?ﬁ@@ﬁ*é{ TRk housiRg 70 EM&%GF
liner 16 is generally an expanded netal "“material such as gal vani zed st eel

havi ng an open aresmvenf3 atcurabagaifsOSidewal ¢aby yvmgmﬁ 75 dneaster ;7@%760&5(1@6@@;
alternate nat errals coul d be ysed. F r rre%hg)p ggon or.sim ar Screen
material , such as 3!3‘%’6?%?515%90‘6%‘@@' ne rﬁﬁsriiéﬂﬁ%e Y hsnging;nut u%éhbl e, in
some i nst ances, S§e§§@cﬁ d%of diRr &b ol e Qgﬁcfsfte Isddf GEadH, Wén'd cap 11, is

general ly be refer to as |n|ng the outer surface or periphery
Fig. 3, of el erreniea&d iarncrmmet apdnipgEh RN apaikist the hoodngThgThws, fdmhqommof

invention, this out er surface, especially when utili zed wWth |i %ht trtgcks
or autonobi | es, whigt Shth dltghatanggment hecﬁfﬁwaabéaanq rePlacepblmseprappneptyn
about 590-6130 sq e 7he term"area”, in this context, is rreant to refer
to the height or l?r anéler se di mension of |iner 16 (between points A and B,
Fig. 3) nultizfied by the olileesin diertetnif@dialitia combidadoh mithahe déseription &f the air
typically defined by a
injét 71, refers to an air inlet that is generally directed toward a central longitudinal
axis 78 of the arrangement; i.e. in the direction of a radius around the central axis 78.
The term “axial”, in this context, is generally meant to refer to an air outlet 72 which
directs flow of filtered air outwardly from a filter interior in a generally parallel
25  direction to the central longitudinal axis 78. Housing systems which have radial
inlets and axial outlets are well known in vehicles such as light trucks and
automobiles. In such systems, the air filter construction is often oriented with
central axis 78 extending generally vertically, when the vehicle is at rest on a flat
surface.
30 It is noted that in some arrangements the air inlet is “tangential”, i.e
it is oriented to direct air flow in a circular or helical pattern around the longitudinal

axis. Principles according to the present invention may be applied in such systems.



15 ci rcul swowdges2of |iner 16. OF course, this outer peri phetGIB$97TAREE | s

not necessarily a nmeasurenment of the nedia upsigream surface area, of filter
5. The upstream surface area of the air filter 5 nay be the sane as the

out er peripheral area defi ne&efemingto igeifoutheppecale preferredepmngémento shavirg the

nature of the design. l|Lf the nost streamajr 20 filter nedia in air
filter 5is a typi @QFf “‘&%A%ﬁ%?*&ﬁ%ﬂ%b%{*ﬁn Wh?ucbﬁéa%gﬂélé'W@Eﬁ Ftﬁée(f%{r ea
(i ncludi ng open Spéfaﬁ) i Hﬁp"“ . .

t he outer periphera &lggsggﬁ%ﬁ’e abgyé%}“}—’lo%\;\p}e%gl{ﬁrl}é{ 9?#2&%{53%1&%%58? ?%gdrfﬁa%etal
media in the air fmkteeial Suches galvheiaédstediPlliving i SpenRsdd Fanleas J086 §ypicaid at
w Il be substantially |larger than the outer peripheral area described
above, for the i rlegst|?0&. Bf courses aliernateamaterials c@dd be isedt Far exdneplp) 2aylon or

i ncrease the upstream surface area of the nedia. In, typical, B constructi.ons,

utilized in Iight THRYEKECTEM DAEHABHMAS is soTRetingsrused IhGIe WindOMeSCIRsas is am

surface of the nmedi@abhgNoRle8altgRelBdiik ins , Wwll typically be about
10 sq. ft. to 75 sq.aft’ (io. ee., gr%gu’t 0. 9- 7e§§feg'm) based on a pleat depth

of about 0.5 inch (aboui 1. 2Herai) the@uker finenthwilhpaetaly. BTeferied taaddefinihene
popul ati on of about 8 30 to 14 per_inch (3-6 per c around the inner
periphery. Such pl@Her YEigen er paiphery @ Fig. Banflementd). dior many arrangements s

typical for light vehigles. rally for,the size of filter utilj.zed i
light vehicl esl,%hi facg?*edéé%?" tP%mgﬁeg%ﬂ "b‘f%&f’%’ ‘B‘ér"“u‘eﬁé}‘.&(‘%’ E@F‘-“&ﬁ% when ufjfiged with
WO 98/ 02232 light trucks or automobiles, will have an area of about 90 sq. in. to 950 sq. in., i.e.,
PCT/ US97/ 12290 10 around the inner periphery, the pleats are undesirably

tight; and, if | esabouhaP0-&b¥tisg. 8mp|ldwtternpiared’h ohthisTopeaxt,dsineamtdomefet tocthe

i nner periphery are.used, insuffjcient use h een nade, of t ol yme, for
e {1 ci ot | ong ¢ HEHRE SEPRGLS SOPSHOL BRI B (BT EHP RS theb etignt)

i nvention, the prigakiplialibylhd dfér c‘ircamﬁg%éel of e AHOHMA 3! {R%idzm?'a@ﬂﬂéiﬂby a

froma conventional construction. Indee it may conprise an"al ready

exi sting part I6f aiceiHrgdgt bflindnds. previ ously been used. |In use, such
arrangenents are typically pégi tioned in conventional circular housings,
with a space or distance of BRHISS U3ts optsr perphenenasg? S EOBNECRIAIIEHG

exi sting between t QHEEL LRSS, G S i | (4
housi ng, the space’ggaesi ng 55‘1%85%%5?9‘%9‘%%62’“ I'n %%&3’%&%@% ?ﬁ%ug%rﬁ%ﬁstuffgﬁeal
systemis assenbl eqtea éfthenitifiiggr bandyhie: the &R ks the\vatet periphetrdl@rdqardefinkd @rthd i s
sized and configured to fit within that space, in_a convenient manner, to,
increase filter effPvioBnpgragiaph.rdepending on thetnaguse offthg slesipn.elfithe most upstigardiakig
to the presen 0i nvfelgti on..can 'bﬁltr i,Nt 0 exi. st [ran

c

(1 dosi red. - 0P ol O T Rt B8 i nketuBR sk Pty BEORYHER ©
systens. 15  Her ejupfagt 8va (HOREINRCHER sPicePbf Bl AEHL MBI béncrdl Bl becaidubthe same as
retrofit according to the present invention are provided.
the outer peripheral area defined above. However, if the most upstream media in the
air filter 5 is a pleated media, its upstream gurface area will be substantially larger
than the outer peripheral area described above, for the air filter 5. A reason for this
25  is that the pleats increase the upstream surface area of the media. In typical
constructions, utilized in light trucks or automobiles, the surface area of the
upstream surface of the media, when pleated media is used, will typically be about
10 sq. ft. to 75 sq. ft. (i.e., about 0.9-7 sq. m.) based on a pleat depth of about 0.5
inch (about 1.25 cm) to 2.5 inch (about 6.35 cm), and a pleat population of about 8
30  to 14 per inch (3-6 per cm) around the inner periphery. Such pleat depths, and such
a range of pleat population, is typical for light vehicles. (Geﬁerally for the size of

filter utilized in light vehicles, if greater than 14 pleats per inch (6 per cm) are used



Herein, t Sfilter lifetime" and variants thereof, repgrgshRizbdte
lifetine g‘?otgrg)glﬂr?éry intended use of a filter elenent or assenbly, wthout

need for change or nodification, and w thout 1pegenerati on of the nedia.

Filter lifetime i 20 e gﬁgﬁ,&?}dgx{}gﬂ%ﬁ{Ea%ga@é%@e‘%ﬁrﬁgﬁg{gggtaﬂdﬁf})%sgﬁlaﬁ%ﬁ%»&gﬁ

until there has occurred a sone I ne sur’e erenti

across the filtempleatsSper ifichSBlder 6in) prdithi ehel inker peAplitbrp Bretied fihdufBEient! Ude has
typical systens involving autonobile and light truck engines (class 5
trucks and snal | &egn made phdeyofume, &or gfficientilome tink Ifiltsding.he peri od in whi ch

t he system can be operated t hout increase in pressure different.i
acrosg the filter eloement }:‘é\fr mayy a@?@‘éﬁt@?s ?ﬁ%ﬁpﬁf’ﬁﬁﬁt’n?ﬁ"ﬂ’r RENGATY &t glter(525

cm of water) abov@antaeubithstialg unBhEged E8mY it nalon e dndddl, R nibW

clean element in the system In typical such systens, the pressure
differential acreempasé ah tlecadgrexatige pambf a desigr thetigis peeviaunty; basnlused elnalzout
7" to 17" of Herr]O (i.e., about 17-43 cmof Herr]O. In |arger trucks,
class 6 on up, fish¢harrangementsars typigaly pasitigneddn somvsational gisrwar havsingp.with p

which th i QLI Lnch f
(o about 6 cRBbr DR R8RS 008 SXL RIS RERER-Zom Prafe Broaf B Bross

"the systent is mReelinkhes &Rf £eiedilR sidewall MOFAY K433, the space being shown at 79
PCT/ US97/ 12290 11 typically to the measurenent of the pressure differential

from anbi ent 10t o in Fig. 81 when thercopwrntionalsysteids assembleldt évccergirigetmthe present
generally preferred t.o provi a,system whi ch has a_desirable | evel of
filter effici enc;}"‘{/ﬁ“lnﬁn’aée Pﬁ%ﬁfeé“ﬁ/ $EG cﬁggﬁ‘géiwgbwwlﬁg@é PR Ma
general, S - eChBhMize AEAALIS Belsd AferRERIANY a0 HRNichE Th fglbegp]&{sﬁg

to increase filter [ifetinme of otherw se conventional systens,

utilization of thecqrdigitbtherpresent mwastionshdecesofithstopriting fikter dragemerws)if be
utilized to increase fi #er efficiency. In the assenbly depicted in Figs. |
and 2, air filtedesreds W%ﬂ’eﬂ’e\ﬂﬂt"ﬁlpé?séﬁi’ pe epplwdﬁ%gﬁwf9&¢éwn€$@f%¥%und.

The prefiltefs4 %ﬁté@@@ﬁgﬁ@ﬁ&;ﬁ%&%@?ﬁ% et trgfitlakgérdm%ql)%ﬁzg

which is positioned circu , I'n a gefera
covering rel ati ompsdsent ingventjpmtare providede 28 t hereof . Upstream side 28 of
filter 5 is generally the outer peripheral area or side defined by outer
liner 16, upstream of filtchergisgihg tarm ﬁl.&‘é.h,feumei@QWagtSdbermf,squrﬁé@@e

hrough whi ch ai n; j | i : B
Do 1 1 21 e by RSB Yo s b 81557

| east two | ayer s chingeastraodifiCatipheiel withos Yéeffation Gfthp hklid. tRerdifeik $€S
two | ayers of nedia which differ fromone another. For the particul ar

embodi nent sRBwn generally seesured by sferenes o saime prsiodaysit theesr haywererraia build @5,

::i’:lgér 223) 5"22;(;{” |3£51 é)gg(gxgxre :d%ﬁierdt ]prgss%yé Sffe}eggglrac%rss H}c)esf{ltelrj,passtarrgsa{lrl]t1 olfa p)é?t{éula%g Fo’ad
on the filter. In typical systems involving automobile and light truck engines {class
5 trucks and smaller), ordinary filter lifetime will be the period in which the system
can be operated without an increase in pressure differential across the filter element

25  of greater than about 10 inches of water (25 cm of water) above the original pressure

differential measured for a new, clean element in the system. In typical such
systems, the pressure differential across a filter arrangement, under engine load, will
be about 7 to 17”” of H,O (i.e., about 17-43 cm of H,0). In larger trucks, class 6 on
up, filter lifetime is generally measured as being the time in which the restriction

30  across the system reaches 25 inches of water (i.e., about 64 cm of H,0). When

reference to pressure differential across “the system” is made, the reference is



20 or rmrgéfggh\mg%zr eam | ayer of nedia. Referring to Fig. 2, rau/userariseg
25, l|ayers an 5 are secured to one anot he{. In the particul ar

enbodi ment shown, the method of securing conprises a first row of stitching
37-along a first pepicahicdihesheiSurH@Et SBthapebssurs aifRchtiaDRoRf ansibtc bl the ckean
al ong a second peripheral side edge 41. In the arrangenent depicted,
prefilter 5 is foraiedutiatefihe air filtgr, systompri si ng nedi a | ayers 34, 25 35,

whi ch has been sewn into a cjrcul ar .configuration. by stitching.42 at .
transverse seam 43, Fig. 3. ?E?qulﬁeprftsﬂﬁ?%? P‘EQHE@@TS%@“”W ‘Hblggrtu‘ﬁsé%?f’%ﬁibﬁ th
defining the seamj ' : Rabe303s¥IE Chh péheral,
directed transverslgp?aotfg“{f?g#f%eﬂﬁgw %ens %erﬁ&{%é&%{gdi a??n St he pr%f ielrat er
5. In this instsancechdifges dctardiigas siee prdsene iiviemtion cantbeatitizednt inoreagpefilearal | y

parallel to a central Iongitudinal axis of the cylindrical 30 arran%eirrent
and extendi ng bet wifstimerns oghspwise cenvestippa)|systemadhwaeh theydizatien of the prejilterqy
the particular preferred arrangenent, depicted, ,upst.ream.l L.Ses
a non-woven fi broﬁfg‘ Sagﬁtlﬁg'ﬂ'é?ﬁs ,°%{ﬁ§‘,‘“£ sﬁvlgggﬁ?lﬁfé@egﬁo ?%a%%pﬁég%@%%%

98/ 02232 In the assembly depicted in Figs. 1 and 2, air filter § is provided with
PCT/ US97/ 12290 12 an open cell foam nedia. For one particul ar enbodi nent,

the outer |ayer 34prefiltereppositieiddherearbund ofipr prefiterfiocomprmapa e vesimigys sheath 25

fibers; and the inner |ayer 3 il 1, conprise, for. exanple, pol et hane

foam The stitihi nef flesr r%qﬁéwgwwmlaﬁa% _%améereramiaé@w%f%ﬁ@% g,

any sufficiently sifang,tINead: ity o YRLGAN SRPhERTr SUpsiAlnfhidd 06s
&d Aarr ermrent s OV\B d g

stitch. The prefer ang oes not have any upStream or
downstream | i ner afijk@chegeheralii hepuisdripetipherd] artalomsidd dufined baoutn feerlt, s,
each of layers 34 and 35 conprises "depth" nedia. The term "depth” in this
context refers to wpsteamoffiics mediaulZ; he- ftils thersidepr surfegsshrongh whighsair to be

generally w thin, d at |least partially throughout, its depth, 10 r at her
than principally oﬁﬂ?rfglsoiﬂﬁséerdt‘surface. Both fibrous nedia and open cell

foam medi a aregaqnel | known f of{perefal dephleferRAl ArangéifGifts Gie@odéririg 2000 dupetmedia
fromwell known surface |oading nedia such as conventional pleated paper,

(cel l ul ose) medi a.cdmpriss ableest twhdayershef medis.alm@efsired systemns, the preftenscappgises

conprise either a surface l.oading, nedi r a depth nmedia, or_a conhi '
of both. Typical | y"™Whgwewel = fae‘gﬂggg_}f?%%‘i%“ 0“%%‘1}&’6&0? OB%‘CFB’F‘e‘%Cé‘rFaFe bgﬁ‘f“lé"g’g
it conprises only Lyl %é)éovgﬁgé D5 eBHbAses o IBRES GHmedMI§h add 35,68512. ODByepB4
the layers (34,35) of depth nmedfa conprises an open cell foamsuch as a
pol yur et hane f oam cdrhprises ¢id duteriayerwr mosbepstrehatiayee] andslayemitp comepreigs alb fnmer

It may al so be constructed to possess_sone el astic character, due,to th
somewhat rubbedly ofr BPEIQVEsHERM Aayes pf msdiz Rsegerflﬂ&fo P‘tg- ah CB??W&’“J’?&‘Y”SE“

LSt SV ) AL s RSB BLBL St bl syl
cover the second fof de€lirifig compﬁses a first row of stitching 37 along a first peripheral side edge 38
and a second row of stitching 40 along a second peripheral side edge 41. In the
arrangement depicted, prefilter 5 is formed from a strip, comprising media layers 34,
25 35, which has been sewn into a circular configuration by stitching 42 at transverse
seam 43, Fig. 3. Herein the term “transverse” in connection with defining the seam
in a circular arrangement, refers to a seam which is directed transversely to a circular
dimension of the media in the prefilter 5. In this instance, the “transverse” direction
is the direction generally parallel to a central longitudinal axis of the cylindrical
30  arrangement and extending between the opposite, circular, edges of the prefilter 4.

For the particular preferred arrangement depicted, upstream layer 34

comprises a non-woven fibrous depth media; and, downstream layer 35 comprises



W thout any, (f% pl e region of non-coverage, since the prefigd@fsedyish!
provide its ering function quite well, evgn if some small portions of

no coverage, along edges for exanple, do occu?. However, preferably

prefilter 4 is sigathehRel 9V nRbia 4% bndparticAA embBeifeRt ﬁfe%%lgé?g e£841088 rth

95% and nost preferably at 100% of the open surface afea ong out
l'iner 16 through médielwoaid comprisepfos sxattiple,ygplydster fibersgand the itgRr layer 35 will
arrangenent constructed such as that shown in Figs. | and 2 will be
provided with relQMRFSFyLr @F?gnm?,ﬂ@h'%s’fthéreﬁfﬁam Jb stitshingrforschanarraagemenit s

w thout the pref '4{0&1&{ cmx]-é}ﬁs Pfog] k%ﬁh y‘é#kﬁcx&ltfryas;ﬁ(ongghrg%ds%bc?cgrgr%lceg l O% 135' 9

of 30 particul ates genera ower e ure

differential gcrass subg it erheqireféﬁ@a arrdifefnen® sHONGAALRS nbi e ve a8 hb&t?éanﬂoﬂ s
general |y depth nedia, and capable of high load and relatively good

efficiency, wt hcdﬁwratrezumdhesn ataibhgd tozthé grefiltendD 98/ 02232 .
PCT/ US97/ 12290 13 i ncrease n ? ure di ffereng g&ﬁ The filter nmedi a of
the second filter 5, then, SHE} fEARESMSRtSy FRF yéTsfgld'cqnér@t PHRISES eam

filter for protec R ! t I
that may either b?gg{ﬂs pre Sf}%egtr@&h fe Wrg ?cggtg)sﬂtr? e?%{?g F‘he pr%?dﬁflh?
5 filtdrings trayst pactiqlest @iﬁefaﬁl&twu}ﬁln tayipiaCRbst parntilly Wiroupitsut, its depth,

involving the preferred materials identified herein and used wth truck
engi nes or adporrdﬁmcé&@ﬁg’ﬂﬁ%a“)é?n It quter %&9? EQ%@TI%WB@@&W?P%@QJU@@%

to 60% by weight ecﬁg ?er@elpﬂéw Ak '&gt a aegﬁgrg%?,%@gﬁ\gﬁ%f%?‘@fw?‘ ter

filter arrangenen urin norma use,

4, with the remaig@dem sﬁx@fa@é)lo'a@ ?%Msﬁcﬂ%s%@&@ﬂﬁoﬁdl Ipleﬁfedﬁ)apér(tcelhh% n?etdlaany

sel ected point after substantial use, and also at filter fetine.
"substantial use"ltis not¢<tthnb@ntquiva12 witbin el rba,ﬁecpmmng eahcxughlrfage Ilwchgt 0

ignifi t | oadi t | | t.
di ?P;r;ﬁ??m " ncrBeug oz B Agub s es?f@%'@%@%ﬁ@@ ic wiehy Gpaben iCepou
| (e, at seasiiplauk pheeeild udBsd é&% rf8d R B epusteRans { hat

shown, end caps 10 and 11 wl rise onventl o} plastisol end
cap material, such as that hxgmmratlvdiehwkamdnablfmeﬂam Oditd) of Gepthineeadis,

St. Louis under t he desigrgatlon 9188-2, nolded in a Irpoonv nti opal r]ﬂer to
a Durometer of atCOMGASES AhORAD &K fomn sheh % 2 pelwuribene epreBiter g wilhbe

filter 5 may Cormfa'n%ﬁlgcs%ﬁger | g\{ﬂ‘%lepllﬁg%)? (PQP% 5&@1:&%8’%6%@5)5 shink e®lstic

mat eri al ; however ecte I's anticlpated that
if 20 appropri adlmfaptarpdﬁeltgmmmet\mat fubbéryl drelastic n@yreladf fodm) dozhat it can be

i nprove the %rformance of a filter elenment such as air filter 5, when any
of a variety48f spetshed everdtltsridallkit iy appmnriatel v sized r&wwlﬁé‘eﬁnasnmalﬂsawmétsaf r

filter 5. 1t i's TL6RPRRCINA is ddl nSRBurfBRE HEHLANS 4 VS b LoRaREPS I NO

without any possible region of non-coverage, since the prefilter 4 will provide its
filtering function quite well, even if some small portions of no coverage, along edges
for example, do occur. However, preferably prefilter 4 is sized to cover at least

25  90%, more preferably at least 95%, and most preferably at 100%, of the open surface
area 28 along outer liner 16 through which air will pass dﬁring filtering.

In use, an arrangement constructed such as that shown in Figs. 1 and

2 will be provided with relatively long life, by comparison to conventional elements
without the prefilter. The prefilter 4 will allow for a substantial loading of

30  particulates, with a generally slower rate of increase in pressure differential across
the filter element. This is because the prefilter 4 is generally depth media, and

capable of high load and relatively good efficiency, without an undesirably rapid



present inveyyssmzszan be utilized in association with |arge BRGHVESHARES

filter 25 el ements, such as used in |larger vghicles, i.e., light trucks

and larger. Such filters typicaluy have an outside diameter of at |east 6

i nches, i.e., aboumcrédsednpfespure diffdsential 2Bh¢ Aleranedia obthe segrmdtfileg Scthen, Wild a
nches

height of at |east 8 inches, i.e. . about 20 to about 20 |
e about 51 npereRo RERASYLTHER. S Saurdi e Rnr S pipreast Figife amage,

elenents having: ofe 9 ggxgaag% d,ﬁaxeﬁan%mngi fig{ag gﬂéﬁsg?%ﬁtw‘?br ahtbly pA8 tl%@u%h

cl osed end cap. The ¢ cap gener y closes one end o
the cylindrical stheipiefifter 40 air flow passage therethrough; that is, it has
no central aperture. The open end cap, of nmany such systens, s provided

with a radial 8§eal WO 98/ 1t mpampicipated that in typical constructions, mvollv?ng the preferred
PCT/ US97/ 12290 14 constructi.en.for. sealing t el enent to an | et . :

Such filter el errerﬁ’%‘é’i‘rﬁfr “{68*‘?%?‘? E%’eﬁl Vgrqsg‘gynggmﬁjéte%’f’%ﬁ osr,au?o_r{%&qtﬁﬁ eﬁ‘gllﬁg’p?h
medi a or pleated Mg} 2houtn64 e{rltd%/ﬁicﬂ%n%@:t b6 5094, By Vet MR parEculbtet

sized to fit such arrangements, Can readily be prepared. Drumfilters

utilizing radial seaksaldosiedescs theederalldiltee aanyement hdutig ndimal Bset, enll be

4,720, 292; 5,423,892 and 5,082,476. The end caps preferably g%rggri se.soft,
11

el ast omeri ¢ pol yurleadedpatathe peefilier dewiththe yemaingsr peipg jggdean genst flfey S,

5. 223,802, andVs, 085 S/ ieh e PERTBNE LRy Ukahl ol alGNG g, By

08/ 551, 898 ar e i nceipeirmiabdsdreit & Mmednit thiAtiey w8 Gas béch lbfeénoughto teatl yo sighificant
noted that drumfilters can be configured with axial 10 __ seals, and that
prefilters accor dilpedingof patipulatsariypicaiierellesiad hng pesswe iTerendtpl $RATERSE 4RSS
arrangenents. Attepti.on i.s now directed to Fig. . Fiqg., 7.1 sj de

el evational view Jf€ Qﬁﬁra‘?l'?’i“@ﬂﬁ OéFYf}FIQf(ﬁaf Eﬁtégutgcéb?‘d%r%ﬁasf Sgcflﬁg éﬁ&ésent
invention, depicted positiongd GpRENGMBodimkA©Such-as i SRR, @hd QalgE1 CaRITE &1
and 87 are depicted. The prefilfer 85 15 includes, as an outer |ayer of

nedi a t her ei n,15f i homsisdepbventioni] pladsollend chpmaterisl, snchofs thatgonmmergiallput er
surface 89 of depth nedia 88 _has en. " branded.! or, " ossed" epi .
i ndicia 90. For t FAvapah Fi?@m Dennys Egﬁﬁécﬁ'g"ngt ug%tﬁ?ﬂw% ’8H.93§8%h§1°?&ed n
fibrous media 88 hag,defime HRhAGI6Y DlBAKIREE kiicsCafud 94 Bhot@hs ethedmeR.

The conpression can be caused using pressure an eat, since fibrous 20

nedi a of the type rfhedimiBhofahe fittehs,anapeetinaprisa\conved@ondl Ipleatediapert (aytopwotive)
formed, is readily conpressible and deformable. Wen the di a &g?ergl I.}(
conpri ses pol yest eilterimateralphovsysniother raaeraly man §e a5 legted- oit Is FiSHAtsI Iy

enbossi ng can phe acconplishe sj J(}% i AleD Va1  Abhdee
of about 300 l._zli‘}( ab@ﬁf‘%ﬁ??ﬁﬁ%ﬁiﬁ %ﬁgﬁlﬁ% e%% ﬁg‘rlr@é%a and’ hol dieﬁ%@iﬁ{
there, for up to adfufilick%leR&RBGkh asENEfiiRd 5, wheB bfyf oftd varfeessispecifieenhtendlyarioe
enough to "bottont the platen on the nedia.
utilized as the media 12 in the air filter 5.
It is foreseen that, in some applications, prefilters according to the
present invention can be utilized in association with large drum-shaped filter
25  elements, such as used in larger vehicles, i.e., light trucks and larger. Such filters
typically have an outside diameter of at least 6 inches, i.e., about 15 cm (up to about
25 inches, i.e., about 64 cm), and a height of at least 8 inches, i.e., about 20 cm (up
to about 20 inches, i.e., about 51 cm). In many systems, such arrangements
comprise filter elements having: one open end cap, with a central aperture; and, one
30  closed end cap. The closed end cap generally completely closes one end of the

cylindrical structure to air flow passage therethrough; that is, it has no central

aperture. The open end cap, of many such systems, is provided with a radial seal



Typi cal ly, SYR'%SF’gj‘Fﬁgen will be an alum numor steel enbossed Sp&?@ggﬂ/%gnh a

Tef |l on or coating, at least on the side which engage ers.
O course the indicia nmay conprise i nformati oh? trademark desi ghat i ons,

decoration or Ser Y6k fdt stifrgthe efinelf % &uamsgsﬁucg,;hlpegg Shiints may

however, in regions 91, eret outer portion 8

been conpressed ocomplisssedtiety bfmateriatsnigludiiy deptemesiaBOple@ed YeddS Prefilters
efficient and effective as filtering nedia. Thus, the anount of surface
area whi ch has beépnerpihndgsedbeddperein sewd'sizgfl ko fiyaneh ampngenirats; harseadilobbe
only a small 2232 . . )

PCT/ US97/ 12290 1\5/\95%’%"'%0?%?" Dlsezs yiilizing radia] sealy are degcribed, for example.da ihS+ ound
that up to at §eaphreaiott2052620% 409%90%6i 3 0891478 ¢ f&%@@s

branded, without substantially undesi ragl y af ?ect Pﬁg“%‘?@??ﬁ"t er p%’r tn?%?ﬁﬁ’
in a typical constlastonienn pdfyurdthartermssiesqibed éxr Ukl Sefibldddxml’ﬁdss,ﬁ% aWdimS.l $dil
prefilter conpris uter layer of fibrous nedia and an inner |ayer
of foamnedia, th 0068@31’Isgg-e&ﬁ%Forf‘PlS@rﬁ%‘éﬁuéFsr?ﬁﬁ:m,2(98115514%3% and 5482,476;
"particle inpactor. [ 31, LS neld71 §hot [ Lch particl.es.carried
by an air stream \%’\? § F’E?gﬁ% %é@ﬁ* ?J!rog'toséstr\']g:lb%)r?tagrg:oml%ﬁl%gpflnaretl%‘?'ggﬁ# }Baéelﬁ%yhi gh
vel ocity" inpact refeieice, 4 theft ehfifetpaltlié St€5 that dhunhBM&s kaSbe ORIV AP 28al
result of collisions with the fibers in the outer |ayer, before they 10
reach the innd} | &gads, andHet prefiltersaaccordingso whe prhsepetoretidn mppaldo ba usddewitinner
foam |l ayer, of the prefilter, or even in the downstreamair filter, wll
typically have haauc{i‘I‘Péfan?/rBF‘é)tﬁ'i ty or nomentum reduced, as a result of

col i si ons with the outer | ayghif ishidw s 711is £2% B HLARbYal view
advant ageous, si ncg it _cglmn fac;ll;:égte e;fICI ent operation of the system 15
1. An Al t er napta pattioulianprefiite sccddibd tedretpacsenpinventiop| épided pogdiisrgdt o
the present invention ﬁ bg ?E‘pl i e% i.n alterpate filter constructions, For
exanpl e, some rrayart?émggg- feqg- R 1edgf Feams86 and & Aspaenietad. GReBWEltERSI ng

this is illusjgatgfliiddsFHs3S oulr iader 819m§dia therein flbrou deﬂﬁ?ﬁl%ﬁ{aifﬁg to Fig. 9,
a panel filter construction iIs pi cted generally at °¥ef erence nuneral 101.
Panel filter construction 10dthHenetsislest Bignmsih cdenmsifice® ofdeprcredi® 88 has

provided with an end gcap and segaling rim 104. Al ong downstream surface 102,
panel filter 101 g?fa &a@@eg Py rigbosgest "Pidﬁplclmdl%go-t her therpatirplanarangsmant

the liner 105 co | Vi n.ar f . | east. %
25 and prefer aBF {/ékgbt%’ g@%u&?&&“@ﬁ% 5\% b%glgf%'%? %g‘?—e?gl.e Q‘éng grg‘ﬁ‘lglﬁgg
liner 105, panel & tadised ajdd]l ThecbtgessionRaRbe G idiNg plessiROART heaplsaite Sbrous

filter materigl 107. The pleated filter material
2 media of the type from which such a media layer 88 will typically be formed, is

readily compressible and deformable. When the media generally comprises
polyester fibers of about 12-40 microns diameter, branding or embossing can be
accomplished by pressing a heated platen, at a temperature of about 300° F (about
150° C), into the depth media and holding it there, for up to about 15 seconds. The
25  amount of pressure need only be enough to “bottom” the platen on the media.
Typically, the platen will be an aluminum or steel emboséed piece, with a Teflon®
or similar coating, at least on the side which engages the fibers. Of course the
indicia may comprise information, trademark designations, decoration or serve any
of a variety of other purposes. In general, however, in regions 91, where the outer
30 portion 89 of layer 88 has been compressed or embossed, the outermost surface is no
longer as efficient and effective as filtering media. Thus, the lamount of surface area

which has been “branded” or “embossed” will generally be chosen to be only a small



107, for priesgiggsenbodi nents, will conprise a pleated paperPCumUSsa7I12290
pleated synthetic material, or a pleated conpqggite. The material may
conprise, for exanple, 30 a standard cel |l ul oSe autonotive filter nedia.

I n the arrangenentpostieaf the beerali caifsceairea e dt gk teefl ifeuntiQifataipoat rassabaliests
or "closed."” That is, each pleat conprises two panels which are secured

cl osed to one anotdfdhe mediagufacetd ean bsempossed| os dranged,twithoug pybstantipity

98/ 02232 : . NN .
PCT/ US97/ 12290 16 "WeRtHEPIy,affecting prafiiter RRETAUON 152 HRIFAhEISERCIn §%ri ng. This

I's a conventional approach frrhpa éfexfrédérﬁﬁédim'gﬁtfs‘?ﬁth&tﬁ@g@fﬂteré&npﬂ?e@%

filter 101 includes a prefilter construction 110 positioned upstream of the
pl eated filter Snatomtdardhyet OF fibrbus npdef dridtanrinee ister uf foannméedia, the bOter heyletide s
multiple layers of_ depth nmedia, preferably at |least two layers differing in
construction fromfthsemediymay be eensiderrd 354 paicleaimpaeton ngedignt Dahisylh Is the

filt t ' 10 ik ' : dia,.and
D cecond | ayer 1 Totdf whichbardt Gfifeby 4 81 ok MC 8 et BRIGRE IR
l'ayer, and is the tsi¥sly bd4 Ohigh veloLies tliRctrhedib Sifdetid pdriitle @il hawslobt

passes through the panel filter 101. Layer 113 is a 10 nor e downstream
| ayer, in the prefmémentummsstresdt ¢fmollisians vatithe ibprssn theoniet learvlesoretthey

pr et err od 1 ocadi ongectriie Beef e oihel 5 pcihihefives Bieed BiBrRbED
Shoun, the second jayescdhd i 8 Bnin ARG} 885 S THRE, Ol {ARANTRS: Gl O

exanpl e pol yureth oam positioned along eat t1ps on an
upstream si de 116 thdir ptleaityeor thbomtstunmmatiesedads dlfagult fooollidiensewinio theneindr [syeowi,

| ayer 112 conprises a sheet of. fibrous depth nedia, for, exapple nop-woven
fibrous depth nmediftProys medgedhisigan bpiahlpadvapigasons, sincerbeasy faciligate stijgept o

the sheet 120 of f}j ia..ncludes overl apping 20 surface 121 and
end flaps 122, 12§PQ{3?}§§|oggr%s§afegxwface 121 fits snugly over sheet 1 13 of

foam material 15End flaps 122, 123 fit al ong edges 124, 125 of sheet 1 13
and pleated filterlnat eAn AltetH il igs.B- 13, glue lines 130, 134

secure sheet 113 to the pleat tips.1 16. Si m'_I'ar gl ue lines g_not shown) ..can
be used between sheet 1 13 dRitaipiRciples sccopting to the present invention mayA¢ 3pglic

seen, froma review pf Fi 9-1 . hat panel filter has.:
anal ogous. const r udk POFrel i ShdvelHR FOERfmeIG sy i e AR B B Bhers
general ly first pagsesbbdinRuoferhené@htidgldhis EAlust-BRd MPBigspans, it will pass
rough secon ayer erore enterin pleate | er materi a . ong
th h d | 113 bef t gl ted filt t | 107. Al
8

the end fol ds2822, 123, soneRefemingitd Figr&ss patict 86 spnstrentionhedenietsd gprgraljy at

112 into the pl eatrg erefnlcle tm(?.rrneral 101. Panel filter construction 10! includes a most downstream

surface 102 provided with an end cap and sealing rim 104. Along downstream

surface 102, panel filter 101 includes a liner 105, Fig. 11. For the embodiment

shown, the liner 105 comprises expanded metal, having an open area of at least 50%
25  and preferably at least about 70%.

Referring again to Fig. 9, behind liner 105, panel filter 101 includes,

in a conventional manner, pleated filter material 107. The pleated filter material

107, for preferred embodiments, will comprise a pleated paper material, pleated

synthetic material, or a pleated composite. The material may comprise, for example,
30  a standard cellulose automotive filter media. In the arrangement shown, the pleats of

pleated media 107 are edge sealed or “closed.” That is, each pleat comprises two

panels which are secured closed to one another, folded and/or bead sealed, so that air



30 mat er lv@éwyngV\/ithout passing through the second layer Jd3is97/71200
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PCT/ US97/ 12290 17 Certain Preferred Constructlfons In the foll owi ng
di scussi on, somne I [ jded. for utilization in
cﬁﬁﬁt%gs‘eﬂom}; pgﬁélk 95'&? afs erté}}/drg s 5% cloH\é%BHngi | approach .

certain applications. From escriptions, noreé genera
the invention w Ifbr pemebfipesent. 5 I n many applications, the
prefilter will be designed as a retrofit for already existing conmerci al

filter products and vehi cl dieferringitoiFig. 12hpangbhilter 191 ancledesy Hrefiltex choutsictign
iter assenvt y. "MReeRaElhRbiortid Bifiee Hhouiner lody {hadtksuis ropsmio
present invengi 0ﬂylﬂﬁn&ﬁﬁsirhﬁlﬁble"l@%réjﬁp&giﬂ? Rx}éﬁqeﬁefe}&bl?!ﬂ lgas"flf\QﬁlﬂﬁefsQﬁfoﬁﬁﬁ[]e

periphery or 10 circunference of the ter, ciTcunscri g sane.
prefilter would fihtonstructien fromsinegnothen E@ahepdrdtuimenringementtstowpesrefiner y
of the pre-existi he wal |l of the housing,

0

ng cyl.inqrjca ilter, and_ t | as
shown in Fig. 8. cggsta%rlggﬂﬂ{hﬁuc{eag ﬁg?tdwegilé% beenth erefiatand a sgeprghdayes| |13 of

assenbly having i fi lifetinme is provided. 1
Typically, the dids aﬁlﬂégd:l%'eltr\bvéegaﬂ g]ﬁ g{/ﬁ%ﬁﬁ?sggﬂsqqamelé}zereﬂcﬁéﬁqeolgy%{ﬁgmpﬁg
housi ng wal | wi | lwiieh dlecitis Gird filteedd, éélit%5ss§§fﬁr6@h(ihc7§aﬂcﬂﬁh&31Oﬁall%?ér 23Gek.
in conventional systems without the prefilter 4. In some constructions,

when instal | &8, theregpempireant layenin theprefilter comstrptteare] 49, fuind is pobidionpdibetwetm

others, the prefijter . wll.in fact fill the space_and be. conpressed
slightly. In stilf€ @%gﬁgf1@%@3%%["%%@@6}?8812(}%7’ *’ég%i’éb"w IngREREER 1 he
prefilter and thegodadiggé.ng wall. For the systens described, preferred
prefilters conprise a |layer of foam depth nedia having a |ayer of fibrous
dept h therearound. The foarRefemiing terkiig. Qofopthesmefzmed einbogimehtsshbymeths sedont
pol yur et hane wi ||, general | e the preferred foamnedia due to its

avail ability and &8 173 Pé“-‘%’?@aic{?mfﬁ‘ﬁ? %ﬁ&F%gftf%Wﬂqd@s forgxample nojyurgthpee, m
material havifg Fo&ieldosARRSE bbndlhldt q? fSmPSde | sicm,
and not greater than’ﬂaolgout 80 Bglfpes Bgssﬁﬁﬁgﬁ gggtporesge}ecw&\/él%ﬁ}ecggﬁg
preferred. A reasmterna 10Aat when the cell density is bel ow about 30 pores

per inch, the foamis so open and perneable, that it is not very efficient
as a filtering material . HowERsem eptaown) IRy dn dicompnsesgr sbgetaf fibmens

chout 30 50 PONERR LG sl BGRB8 AL e 2 L

nmost preferred pdliyuRefdidng® Riged.ahé bheet ENG A fitresk thedia Usituded odéappggTent s

according t 026 he sggfgc%elgtl e{n?i\égcri] tﬂiagsn 1.’?26}%?’23. Overlapping surface 121 fits snugly over sheet
113 of foam material. End flaps 122, 123 fit along edges 124, 125 of sheet 113 and
pleated filter material 107. Referring to Fig. 13, glue lines 130, 134 secure sheet 113
to the pleat tips 116. Similar glue lines (not shown) can be used between sheet 113
and sheet 112.

25 It can be seen, from a review of Figs. 9-13, that panel filter 101 has a
somewhat analogous construction to arrangement 1, Figs. 1-8. Air to be filtered
generally first passes through layer 112. For the most part, it will pass through
second layer 113 before entering pleated filter material 107. Along the end folds
122, 123, some air will pass directly from the first layer 112 into the pleated filter

30 material 107, without passing through the second layer 113.



18 a cell deweisty2mb about 50 to 55 pores per inch (19-22 por @STaisp7/122ke
term"pores per inch" as used herein refers toj3he nunber of pores
encountered in a linear direction, on the surface of the foam material,
over the distance identified. It isCariaimPecfereddlonstmetiong desi gnati ng
foam 5 I n general, urethane foans according to the present
i nvention should preferably bR the; fallewng 13FAFHOR, SOME FEH BIRHPONS BUFHODS BEam

mat eri al s having t rapriat e i - k-0l i i ned
et er ol e having | Byt SRRERIAOBkiin S0 he v GBARE el dhb
thi ckness of the fgadBrifidpbli®Rions btk etvedtpe il Beap@éntt he 10  particul ar
use involved. For a typical vehicle panel filter, a foamlayer having a

t hi ckness of abbut 1/2 inch (1nR8yepplicatiphs, theprefaltdryvilidedssighed asriretrofit for
referred. Wth circular Light vehicle. filters, fqgam.thickpess of abqut,k 1/4
Preh (64 cmy v 11 S exisPE bamaretel s produdls andq el o Paiasbs YERGE el
outer or nost upst g@g}, f Is 1 e i LLSESindts ai
fi brous depth nedi g. r%ﬁ%ﬁ@ %yﬁggﬂﬁ%éﬁgtegg%%@é?l%ﬁ%g f;}gésrtﬁ‘ié{raq%ai %e S ni Ssalr
used. |In general, GasvesémblyalWhattha sgaembiea ogladricdlyfltesadccidingaiis pesprith
medi a usable wll conprise either a blend involving a range of fjber sizes,
or a uniform fi ber in¥enkon, ggrefiltsypyadd be pioividsactioslip yproupd ithegiter pesiPhe i onal
bl ends use a rgnhge of fiber rally. withinp.t r of L. GLONS
40 mcrons. A @abflé%u%pe%cggﬁgiifgl_}qryc%g\‘}%}%’glﬁpgga%ﬁ??%r?ﬁe#t %re‘?z_“?lrg?fe?r‘? g\%,
descri bed herei nbeh@isind@sa $haté Balvesr &R cRter pBApteryl 3f Pe PréABEng WiinbritmFIeal
preferred bl ends, the average fiber size should be within the range of
about 15-30 mi cr onspd thgpralbef the hoving, 20 shrvor mrfsg. 8 Asabdsalt of thequevidioptof
media material is Ke ve 4. Zaﬂunce 0,12 25 kg# avaigl abl e frgganerrW)ve,
Inc. of Charlotte, PROVIER 30Vgrall pssesnbly paving dmprgyedt filier Rezfopanseiang fime s,
5,423, 892, incorpoEMdherei n by reference. This material has a basis of
wei ght about 4.2 olinces per square yard (0. 14kg/nferr]), and can be
obt ai ned at a thickness, frefyspicallg, thoflisahcebetdish thachlifdralfilereleniére 5 and
¢ , , > , h L hi b
permoabi 111y ( Fr acttc RopStE vl Wil GrRbonkgSuneiu) 2P Gen By A deont S
m nimum Simlar ' I oht ai t{,‘?(m- j
ot her suppliers, gu&rﬁfeggb |1B§t osnwtr%‘éﬁ,he g%rﬁﬁp’%hl gla%h%e%?g ngﬁa’\é@énﬁ\%\l}éﬂggb
SHEET the prefilter 4 will almost completely fill the space. In others, the prefilter will in

fact fill the space and be compressed slightly. In still others, there will be some
20 space left between the prefilter and the housing wall.
For the systems described, preferred prefilters comprise a layer of
foam depth media having a layer of fibrous depth therearound.
The foam media may comprise a variety of polymers, but
polyurethane will generally be the preferred foam media due to its availability and
25  its predictable characteristics. Generally, a foam material having a cell density of at
least 30 pores per inch (11 pores/cm), and not greater than about 80 pores per inch
(32 pores/cm), will be preferred. A reason is that when the cell density is below
about 30 pores per inch, the foam is so open and permeable, that it is not very
efficient as a filtering material. However, when the cell density is greater than about
30 80 pores per inch, the filter pores are typically so small they tend to plug easily, with
a concomitant reduction in filter lifetime. The most preferreci polyurethanes

presently identified for use in arrangements according to the present invention have



19 I n sone_inst ances, NS sepen Hashere erial will be desgj such
material i YIEARe 86 3 al ;{)g;a_\;@jgmblé rom Kemive. The %’Z‘?ﬁ%’%"

described in U S 5, 42 herl8in by reference. The materia
has a basis wei ght

kq/ d
average free stat®® denf‘ Q&%@é‘%?%?o %Qﬂf%/ éé%ﬁﬁzl%ﬁgq%@@% %r‘é PR ik
It has a mni meﬂE?frfEﬁalak bieddheRdin AIOM o ﬁ%%ﬁﬁbef 5% fored éncg&ltgileﬁ)m in(Hez}u_{l cke

conprises an average fiber size of about 12.5 mcrons. In general

(1/2 inch (12.7 nimeptidn,onahes surfdce of e fomm Inthtdrén] povef therdéstarfce identifisd r I,totaons
involving panel filters, so that the overall prefi Iter 10 thickness would
be about 1/2 |ncr?°("1?mf’nﬁ1n°?“n£?fdies‘gﬁémi&ﬁ° more open material, for

| e KemMove 8643, |l t0
fe |X?'[ne)r§ \Me1er e?ﬁ t he ov\émr al Iﬂ%eg r%{ %&ﬁ%%lfgﬁ% chfdgngaég%? p’fa#%l eﬁlyl‘()'i'1 S}éould
about 0.95 cm) . hkéferdbly befihidhéen fohms ®r ValeRShddy Todngs qro%nmafeﬁaxs\hﬁmgltﬁé/ of

air required to induce a 0.5 inch (i.e., about 1.25 cm) water restriction
using a Frazer peapproppiale depsitypand fimish can beHeadilyottdived from fodmesupdieas sichwahen

used in referenc to ag?grlaiqtlel}l §;|c (?f filter nmedia, refers to a

characteristic of HRGR' PR % he prefilter 4 is made, prior to

being incorporated into thepprgfdhigr, ?h e 626 VPR @c eIiEi ;“%E"ﬁ"’hm‘ kness
r

of the foamfromthe supplier, or t ee state t rous

20 dept h nadi a farttanldrhise fivpplede For htypmall veHiele lpaﬁh%ffﬂtb@(ad"o&rhaiyeﬁ HaviAg a
construction of prefllter 4, each of the |ayers may be conpressed sonmewhat.
Sone | evel of cortpicknesseh abgilf l&wﬁhbbzﬁé@ﬁWé@it}ipwaﬂébﬁaﬁabl%w@ﬁﬁfﬂednVéllﬂder

to increase the i Q |Ite a.
Us o f1 o oncy. Tanler YighteniC ARy BRsbteldehy BLatelf 1 nindfee Tkl By
filter elenent itbhedheferrégéeds to fit around. For a typ| cal autonotive or
light truck air filter havi‘&g an outside dianeter of about 30 cm and a
hei ght of about 8 cm the t 01lay?é‘?fes’ﬁfi$)t§tﬁmsl,mem@r@rmwm@emd@&abﬁuEGQS

cmx 8 cm WI h t.h S sewn. to er .a 0 it udi.nal
cdges by & supge Bar BRALE REHETs BRGE Arebag Siftiohe nebfioHi it
sewn into a ci rCLHoi’iesfe'r%eﬁ% h&rdn I@éexé’erélr@d?ﬁ%!ﬁfoﬁﬁl RE&T a8 D&da Tpal ar
stitch. The 30 nunber of stitches per inch along any of the sewn seans

does not appear drtirouscddpth a'sdiaoxsgblasmltcomsnmmm bletd inyobvisgia eange ofi éiber aI
integrity. Preferablythe erse seam.i s |rst mad an he syste
turned inside outZrf rlfs‘g“ n@ﬁ SOIPF@’I”%“ CSHE’FFr%t‘ﬁﬁ%? ﬁagnﬁ?ﬂ%fkﬁ'?‘}
; ?:#J lUé9f7; azgrggun%lér{& xﬁ%%nge%rf'ﬂ%@xtseée&ifan&%tkﬁ%@é&e%ﬁ@hcmn\é% 28nfleas

20 A usable, commercially available, uniform fiber material, described hereinbelow,

has a fiber size of about 12.5 microns.

With typical preferred blends, the average fiber size should be within
the range of about 15-30 microns, typically about 20 microns.

A usable fibrous depth media material is KemWove 4.2 ounce,

25  available from KemWove, Inc. of Charlotte, North Carolina 28241. The material is
described in U.S. 5,423,892, incorporated herein by reference. This material has a
basis of weight about 4.2 ounces per square yard, and can be obtained at a thickness,
free state, of about 1/2 inch. The average fiber size is about 20 microns, and the
material exhibits a permeability (Fraser test) of at least 500 feet per minute

30 minimum.

Similar materials, also usable, can be obtained from a variety of other

suppliers, such as Fiberbond Inc., of Michigan City, Indiana.

This Sheet Has Been Replaced
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20 ci rcul ar wioogsimy=l ) aT‘?'Srj[‘ SHASBREENI | be sized to fit WRAT/HSHH290
housi ng between the a fil rLAaqﬁP housijng walifg. A construction of about

t he above type would be usable, for exanple, to inprove the filter
performance of the foll ow ngimsehieghsignces, a more open fiber matepipk wilh hg dasired.oQng)

d Bui ck Skyl ark 4 | i .8 Li ith thrott d | s
:Jfljeec'? inongJI (C:Jent u?/f%‘rélhﬁlﬁ%%}ll ifrqgg‘&ﬁ“% eﬁdéélfalrls}?\g%’ranﬁmg%gﬂ fé?emw 0[‘%‘ hﬁg&ﬁt?réal Body

fuel 'injection; Chruimlealin GRS 923,68 SRkiotatRd Hefelr! B defiiente! Thé ntatéridl 484 a
2.5 liter with throttle body fuel i1njectiion; Odsnobile Cutlass Cerra and

Orega with 4 cyli rideis u?ei@tldftabdiut\&i.I—BI.StdIf/pﬂf,laﬁdlwekylgé fre¢ stamjtiickness pf ot 032-
J2000 4 10 cylinder 1.8 liter with throttle body fuel_ injection; )
Firebird, Phoefi x Ofriinsben hasa inipumnprsmesbibity gfiapputyg A0Ht-fminoand eonpRyipgs an

fuel injection, (Replaces. AC 7 L Ar filter (panel) used on Buick
Syl ark. - Cnevr o1 e0 BEETEH AP RBLI T EHEEES, ont 1 ac Proehi x with V6. 175,
(Replaces: AC p/n A735C GVQnFEeﬂer%B@xﬁﬁéﬂlﬂ #h) fibrous material wouldli Be gréﬂeheﬂ for

(round) used on Buick, Chevrolet, Chevrolet trucks, GMC trucks, dsnobi | e,

Pon}3 i aci( ((R;ﬁpl aclesnngxmtmmirﬁfdsd@%nemtghﬁmmfﬂl@ pvem'ihll( pfefilteethicknessnuld ded
on Bui ck, evrol e ryair, evrol et evrol et trugcks, r S,

O dsnobi | e, Ponti 4599\11( éav%ég%], tm%,wr El%ﬁl&@@é@??te%%izg%ﬁ?m%%%ﬁg%;
20 bl f 4 [ |

Chevrol et Chel\(/)r ol‘gﬂt11 eréjljgffg{ed g\@é{} ?%léll%g’%qu%t?gegﬁerﬁgggﬁﬁhlgtgv%g t |fe§a1(t:e,r

(Repl aces: GVC p/ nh&z#B8e845aboC3 8/ iAcA329@boutM.95 éml.ter (round) used on
Chevrol et cars and trucks with V6 229 and V8 267 engines, (Replaces: AC p/n
A7730); 25 Ai Herein the germy ‘dageovel ity d refers i phg, velrsity of pigargured to

Li ncol n Mercury, (Replaces:. Ford p/n' AR- 9601AA.. D2AZ-960LA: ror.aft
p/n FA-97); Air fi‘f‘&'gciﬁ a(@ih‘?eﬁh)o("ﬁ'sg%‘)“éﬁ' S0 ¥ 6‘0{3“26%‘6’335‘%%%‘%‘{%%&5%%&{’
Daher, Jetta, Quantygy Rabbit, Scirocco and pickup truck; Chrysler products

with 4 cylinder 2.2 liter, throttle body fuel injected and multi-port fuel
i nj ected engi iés; For d Heworthe zeroy/|frasdtate " Iwigen ised in tefarérse 19 agharagteristic

30
electronic fuel injected, (Repl aces:, Chrysl er n's 4241042, .4342800Qs,. Far.
o/ EAFZ-9601A MAGHEF gfeﬁg%f S “rti‘-\-Ch%%*X‘is,nclf’ﬁé%@?‘F“a’ Qi sy et 45

gcg/ Iulst?g 12290 21 fde, blibt @ bef AR DoMBRAn R hEPtctiitel- £S5 BEF &adipik, Fe¥istiia V6

thickness of the foam from the supplier, or the free state thickness of the fibrous
depth media from the supplier. It will be understood that during construction of

20  prefilter 4, each of the layers may be compressed somewhat. Some level of
compression may even be desired in certain systems, in order to increase the density
(or percent solidity) of the filter media and thus its efficiency.

The size of the two layer strips will be defined by the filter element it

needs to fit around. For a typical automotive or light truck air filter having an

25  outside diameter of about 30 cm, and a height of about 8 cm, the two layer strip will
preferably be made about 95 cm x 8 cm, with the layers sewn to one another along
outer longitudinal edges by a surge stitch using a strong thread or cord. The strip
can be sewn into a circular ring pattern by a transverse seam, using a similar stitch.
The number of stitches per inch along any of the sewn seams does not appear

30 critical, as long as it is sufficient to ensure structural integrity. Preferably the
transverse seam is first made, and the system is turned inside lout, in use, as shown in

Fig. 3. Such an arrangement will snugly fit around the outer perimeter of the
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mul ti - port fug}* Ejeecti on; Electra, Lesabre and Riviera w thMoud 82300t €F
wth sequer‘f‘((? injection; Adsnobile, Delta 88, Royale, Toronado and
Ni nety-Ei ght with V6 3.0 and 3.8 liters V\nth@equentlal fuel injection,

o6l o i t hout "o Barer o fif et SR o M b BB BrtatR SR A1

Omi, Plymouth HofijtereimdMoubing walll i t er engine, (Replaces: Chrysler p/n's
4227087, 4342801); Air filter (panel) used on Ford Taurus, Aerostar,
Mercury Sable 4 10 cyli ndeA constragsion oRapous thesabon type svauid bppnsabies farexample,

Ford p/n ECAZ-9601B): Air.filter oun Dodge,, Dodge trucks,

Pl ymout h and Aner | Cléhj %%F@tef??ééqrg’@@% O%ﬁ? &éllogﬂngp‘/ 19539547, AMC p/ n
8992661); Air filter (roundhiuged @unkPisdoaBid QuytdRi4 Yler 1 ﬁﬂ:?@@th LTD,
Maveri ck, Mustang, Pinto, Thunderbird,” |ight trucks Bronco, Ranchero,

Mercury 15 BobctirottiCapdy ﬁleCm]aitmnCﬁelgaﬂy kagmlsthNurttyﬁgdﬂ 2.9 tiyeptvdth
Celica, Corona, Cressida_and Hi-Lux ‘El ckup (Repl aces: Ford g/ n D4ZZ- 9601
AA; Motorcraft p/thrette bgdyfuel iigction) Chgvrel shfﬁ@mmugéla @y angd CdtatipB nee 4

bi ckups and vans; . fgepd s s i ol 858 fucPirfolibRYStasfioBud PLL<IYLs and

injected Bronco a OUI’ arr carpopure Ed an I nject e

(Repl aces: Mot or cOafelga With £éy1iHA46).5 1idét with throttle body fueHinfectibh; APRyntiad TT0)4
used on Ford Mustang, Mercury Cougar, (Replaces: Ford p/n's D3ZF-9601AA,

D3ZF- 9601A; NB or exlakder denﬂAwmm;otﬂAbadsf el injec(ipaifiitepirdsBrpenix amsk 6P0Pavidoh,
Must ang; Mercury Repl aces: Ford p/ 77 1A,

Cl KE- 9601A; ANC p%ﬂ[@@b%g @@hﬁ’é‘ﬁ‘ﬁﬁét’%ﬁﬁ Tgaz(f@‘?%esp Ac 5rt&7880;
filter (panel) used on '\/EVC%b’ﬁlTé?R%eﬁﬂQefeﬁ ﬁu?ﬁ@cglay‘k tdhedrotetl it Rion| gh
swirl conbustion engine, (Replaces: Ford p/n's E4 601 CA, E43- 9501CB;
Motorcraft p/n FAORBIobilaidméga PentiacFhoedix wite'ds 673, (Replacdse tA(Sp/lOA AT,

Bl azer, GMC S-15 and _Ji rrg%% with 4 cylinder 1.9 liter or 2.0 engine,
(Repl aces: AC p/n GMS pin ’n 30 25041542); Ar filter (oval) used on

Ford Escort, fxp and MerCurngeg/%@‘gguseggﬁ@uﬁg@%hefﬂreq Pl 8 Mdhic

Mot or cr af t p/n FA-7 13)

PCT/ US97/ 12290 22trf¢ks, Oldsheubile pieoneihg, (Repldcssn GMCH/P64§aR3 5] AQGHs ABKBE)5. O
liter V8 electronically fuel i ng ected engl ne, (Replaces: Ford p/n
E5TE- 9601AB; Mtorcraft p/ nAmabiterdmmd) yggd on ‘Buick, Chevrolet Corvair, Chevrolet,

Chevrolet trucks, GMC trucks, Oldsmobile, Pontiac, (Replaces: GM p/n’s 6419892,
6420934, AC p/n A178CW);
20 Air filter (round) used on Buick, Chevrolet Corvair, Chevrolet,
Chevrolet trucks, GMC trucks, AMC Jeep, Oldsmobile, Pontiac, (Replaces: GMC
p/n 6483645, AC p/n A329C);
Air filter (round) used on Chevrolet cars and trucks with V6 229 and
V8 267 engines, (Replaces: AC p/n A773C);
25 Air filter (round) used on Ford, Ford trucks, Lincoln Mercury,
(Replaces: Ford p/n’s D2AF-9601AA, D2AZ-9601 A; Motorcraft p/n FA-97);
Air filter (panel) used on Audi 4000, 4000S, Fox, Volkswagon Daher,
Jetta, Quantum, Rabbit, Scirocco and pickup truck; Chrysler products with 4
cylinder 2.2 liter, throttle body fuel injected and muiti-port fuel injected engines;
30  Ford Escort 4 cylinder 1.6 liter turbo, 1.9 liter electronic fuel injected, (Replaces:
Chrysler p/n’s 4241042, 4342800; Ford p/n E4FZ-9601A; Mdtorcraft p/n’s FA-
1031, FA-999);



Air filter (wenglh)23psed on Buick Skylark, Cadillac C nmaron, PCTUS®vIeh et
Cel ebrity, Odsmobile Firenza, and Pontiac 600§; Wth V6 2.8 liter multi-
port fuel injected engines, (Replaces: GVC p/n 55043119; AC p/ n A905C, Fram
p/n Al 098C). As indicated abtivéjter (papelphieidrondBuick begbremdRigReDVEIINYLited
the present invention, the prefilter corrprl ses two | ayers, an inner |ayer

of foam and an 10 mubtiert fughiaiection;Blegtry Lesbra andRiviera Wlth M6yB B diggr with

constructions, the +ELe filter.i

medi a t han t he foa?r%drrl}ééﬁ&%u%qg ec%ertgﬁlﬁmobé? gfetjéciﬁo #8}’5 e?rgnar‘?:?fnﬂé\‘\}getgqgght
“reverse" gradi ent withvé Beodnd. 3.8 Ntepd @ﬁh's@cﬁ)enﬁﬂ"ﬁé’lqmectw tR@;ﬂa&Er N PAENT

may be preferred for a variety of reasons. For exariple, the foam

construction adds gﬁg%ﬁéﬁhnérzﬁd:pmlb@ﬂ‘i&)y to 15 the system and

facilitates stretching and sl.dj over the filter el enment
likely to.be caught, as it eﬁﬂbﬁﬁgre(cpén%'t‘sg °§§Eﬁd§lso‘f’1t$%°4rb9@tm?fﬂﬁf09@@€

| ayer, as it is sli Yep| e tret.ch
or give, to facili ng 1te éps)hﬁgutp I{e‘i&? gg?j‘?% |((5)I;r}ﬁl %%%“&H(%‘S? w@%hi&éﬁngme
soneti mes operate gsepaﬁbeBOChr@wlpmrgmazmgg 434728er); That is, it can collect
very fine particles and agglonmerate themas |larger particles. In sone

i nst ances these | arger aggl odgF ﬁh@fdpp%ﬂlllils@ﬂ@s Ford/ Taugus rerdatarc Megeurp Sgblefdr om

the fib Ho ||

onaert o1 vt ool sl THRY B YRR M SR P PR35S PSR BRI
arrangenment (1) conpri sing; n din
(1) agl ayer (()f)fl b?guls Llegt h@an%%lltg(f%?m gifEflr(]1 elﬁocfg‘é 95&%?15(%? }(lg%?%hrre Ia s
(35); said | ayer oAnfeyman ivixtom, (RpJacbei @g'yslechhd(TSt?ﬁ?saMCIpay&%ZﬁSlfl br ous

depth nedia (34) by stitchin ilter_ arrangement (1) accordin
claim1 further including: %7" glte’a(FP‘E’id? “*’feldlotné:ror‘% 5)‘1rlﬁﬁ%Fﬁ§'fn°P% (&angdegh. T gﬂ

second (11) end ca e

prefilter constr uc?ﬁveﬁ?g) CI irigit:??@{ ngé}ggla ?kcsl' P?Jn@%si c)ﬂgll%c’)?\l&er%%d
in covering relsatiBobtay, Gapri) Couniet, Cqegat, Mt ais, M@hfe@ﬁﬁT()}l&)x Ceﬁca Corénzf Idréﬁfda
arrangenment (1) according to claim?2, further includin

cl eaner having: a ¥¥LEI-hYx @ﬂ?ﬁ}lp’l‘@\ﬂ’}@@esarfoéﬂ p/m Rt a4 9@?& Wt%ﬁm&@/af/’aﬁ%m

oot (T L St 8 MRl b SRR LR 7
liter diesel, 6 cylinder 4.9 liter fuel injected Bronco and 5.0 liter four barrel
carbureted and fuel injected, (Replaces: Motorcraft p/n FA-1046);

20 Air filter (panel) used on Ford Mustang, Mercury Cougar, (Replaces:
Ford p/n’s D3ZF-9601AA, D3ZF-9601A; Motorcraft p/n FA-574);

Air filter (panel) used on Ford Falcon, Mustang; Mercury Comet,
American Motors, (Replaces: Ford p/n C5ZZ-9601A, C1KE-9601A; AMC p/n
8991386; Studebaker p/n 1561842);

25 Alr filter (panel) used on Mercury Topaz and Ford Tempo with 2.3
liter high swirl combustion engine, (Replaces: Ford p/h’s E43E-9601CA, E43-
9601CB; Motorcraft p/n FA-971);

Alr filter (panel) used on Chevrolet S-10 and Blazer, GMC S-15 and
Jimmy with 4 cylinder 1.9 liter or 2.0 engine, (Replaces: AC p/n A826C; GMC p/n

30 25041542);

Air filter (oval) used on Ford Escort, Exp and Mcrcury Lynx, LN-7,

(Replaces: Ford p/n E1FZ-9601A; Motorcraft p/n FA-713);



4. A filter arrangenment (1) according to any one of clai
wherein: (WP902¥% d air filter (5) includes a cylindrical gﬁgg{%ﬂﬁr@hi a
i

construction (12) positioned between an i nneR2|liner (15) and an outer |iner

0§ o o B e OB Bt G5, 080 SURe 5 o
wherein: (a) Sictrohical ﬁﬁl‘gm)ié‘c@&j énklihe, (Replite®PBSrdG7A ESTE-IHAY AR MdtoRidfa!

seal bead (20) thereon; air'ld ( sal d second end cap (11) is an open end
cap having an axipah F4eH)32hemd (21) thereon. 6. A filter arrangenent (1)

according to any one of clajns,_ 1- erein: (a) said | ayer of foam nedia
(35) conprises a nost doms@@ﬁ?@@?“ﬁﬁd% gk Shié‘éﬁ‘a%‘?%?ﬁ:”@ﬁ}aﬂon’
prefilter consgtr i . e B f 1)t : : : i

to any one of §cI ;t;?}{ r?slypd}?tgé%ber%’lqu:dzf’g?ﬂe ﬁrés%aﬁ{daﬁglagg Sqqe@?lélaiv’k e'ptFl %;?rrledgz?a
(34) conprises a peerfuebivijsatedaygihes(Reglasds: GME g/me e 11 H &K pand 9DSE] Prgma
pernmeability, free state, of at |least 200 ft. per mn. 8. Afilter
arrangenment (1) a¥eél@P8Qg)-to any one of clains 1-7 wherein: (a) sai d

| ayer of foam nedia (35) copprises .an open cell polyurethane fpam having a
cel | density of at |east 3£5W§§§68§b°¥£¢%?r preed mﬂy‘gﬂ‘? ?a%fffcﬁﬂ% it (1)
according to any ﬁ?ék%n?fnv@ﬁt?dn[ft&l\géf@ﬁlm%g?ﬂfses(t@]b l%;ésléﬁh%:ﬁf flyet 5€foam and an

construction (4) conprises a I ayer rip o a sewn rnto a circular
ring, along d0transardayee of Gbrout d8pth nidilia. [nAypichltcenstarctianyg eweefibro(d depth media
according to any one of claims 1-3 whereip: (a) said prefilter
construction (4) Wea momeifigsnt é&ﬁratgnmfﬂm(an thefoamy ragdin.dhus caram prgferisd gi a
and an inner |ay i Yoauhdedr SA r layer of nedia
conprising said fi{af?‘é‘?er%?”‘?i ?%gsreé’é’jﬁ%hg’%%‘?hméqt%%& and, (ii) said inner
| ayer of media conprising skipfadtiea hovesien) sidban arfahgemerh nhdyl Beepreforted fgrearent
(1) according to any one of clainms 1-10 wherein: (a) said prefilter
construction (4) \eoieprofseasons.t iy axapple, therfopmepnyimgiion addsrstiengts aad éntegrify &¢
ring, along trapsverse s A43). 012,..  Afjlter arra n 1), .

accor di ng toqgnyatgfﬁ@y B gﬁ%’“f?%fuﬁﬁcgnéiaﬁdf !:’ﬁlmg Ovesratlﬁ?jﬁg?r?g ?’.E’F’t("ei“ isdgss

conprises a vehi cli@l@td bd daupR! ad i@ Ensovfsers metabsbuadet e likh gRen boter fdykt, as ithg
air at a flowrate of at |east 200 cubic feet per mnute therethrough,

during nornmal engilideovepthedtlieonAlsio; trelfoar will have some stretch or give, to facilitate a snug
fit.

In addition, fibrous depth media can sometimes operate as an
20  agglomerating filter. That is, it can collect very fine particles and agglomerate them
as larger particles. In some instances these larger agglomerated particles may
become knocked loose from the fibrous media. However, they would typically be

trapped within the underlying foam media, in an efficient manner.



13. A filwenserBanggnenis gq@ 3% égL to any one of cl ai mMECTUSS74438¢ ei n:
(a) said stitching (42) RBp |)’a fipst set of stitches (37) along
a first circular rim¢ second set of st| t ches (40) aI ong
an opposite secon¥Whitris elaimed iisn (41); and (iii) hird set of sti

al ong sai d transverse seam (43) extending ket ween the f| ﬂllll u nd
(4 1) circular riks. 1&ﬁterﬂTﬁPﬁe%Btﬁ‘éF°‘§EF$}PE| ng a filt

having a prefilter co ructl r (5); the pre il ter
construction (4) havi %Ba | & ggho ﬁ%ﬂxgﬁgngdgpﬁ]ﬁ&&égi a (34) and a |l ayer of
foam medi a (35) secured to t(i)ea lagyedf frodd depiimediagi4); amdli a (34) by

stitching (42); the air filter 35) having first (10) and second 3)2
caps, and an outer peri pher 4ii) sitfeaotfqaeinedig435); said Hovar efofepmi e @ )

of (a) slipping the prefilter cnstr t|on er an r
filter (5) to cover the outer ff&t”ieah%ﬁ%t ygﬁpffélar)guf g{aﬁggg%? “ﬁ%fn?r
(5 with the prefilter constru&tgon (4). 1 5. A method according to claim
14 wherein: (a) said step of "§lipping includes slipping the prefilter
construction over and around the air filter in a vehicle having an engi ne
size of at |east 12 liters. 16. A nmet hod_accordin to cIa m15further
including: (a) 2renoi Aljerarmegementthicepilingye ciaim

previ ous prefilter nou ted t her \ lLh&ant he
previous prefilter, (c) 6(r)lsailrtl onl(é?maé'mﬁeh?ﬂ?lq)gﬁ?fé%‘:%ghégr@cfﬂ {)g aﬁ a| m 1
on the air filter; and (d) Outdrlﬂgﬁﬁléml@grfﬁ 15pnb| nation of the air f| I ter
and prefilter |nto the vehicle. . A nethod according to any one

clains 14 and 15 wherein: (4} said prhﬁltan gonfiridtion (fhpcircamsoubisg Sﬁlﬂrﬂefrﬁlfer (5) and
ext endi ng between the first and secdgnd end caP t he . ut er er de (lg)
the outer peripheral surface; SHEIGHI covertng glatipg Lo sai QFE%B?W@W?@P
slipping the prefilter construction over and around the air filter to cover
the outer liner with the prefilter construction. 18. A nmet hod accordi ng
to any one of claBms 1A filfeharrangdmibrit () ecairding to cl2fin Qaﬁtrther isla]udirjgayer of

foam nedi a (35) conprises a nost downstream ] ayer of filt
(35) w (a) an air cleaner having: ahou%mg (70) havmganmr inlet (71) and an

axial air outlet (72);
(i) said air filter (5) and said prefilter construction (4) being

positioned within said air cleaner housing (70).

4. A filter arrangement (1) according to any one of claims 1, 2, or 3 wherein:
(a) said layer of foam media (35) comprises an open cell polyurethane

foam having a cell density of at least 30 pores per inch.

5. Afilter arrangement (1) according to any one of claims 1, 2, or 3 wherein:
(a) said layer of fibrous depth media (34) comprises a non-woven layer at
least 0.25 inches thick and having a permeability, free state, of at

least 200 ft. per min.

6. A filter arrangement (1) according to any one of claims 1, 2, or 3 wherein:
(a) said prefilter construction (4) has a ring configuration with an outer

layer (34) of media and an inner layer of media (35);

as Been Replaced
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media within said prefill e sanstryuctioq §4); and (b) sai

sli ppi ng i B WL | ppi ng tﬁ?{cﬁ,ﬁ@ﬁ,l'fé& Eonstructi on over g%a‘?tgs?g/&%fot he
air filter to engage t k¥ r—af i aZ4gai nst the outer peripheral -
surface of the air filter. .19. t hod agccordi ng t.o. any.,one o | ai s
14, 15, 17 and 18 wherein: (‘gja) Saésog‘i?ﬂqgeéﬁgwdlglcpg‘ﬁpﬁﬁgis%él%ﬁ"(féég‘ﬁfob‘f)i ng
the prefilter constructing over japdl méfyipg air filter, wherein the air
filter includes pleated nedia having an upStream surface area within the
range of 10 sq. ft. to 75 k) f tsaiddfiner laykr vEtedid campeisidy 8ajdtfoara myedin Shf
clainms 14, 15, and 17-19 wherein: (a) said step of slipping includes
slipping the prefilter constructing over and around the air filter, wherein

the | ayer of fibgrous - B P g . ilter, . n_gverage.
fiber dianeter vvir7ft hi ngifﬁga’r a@ngg&g%‘wfé?ﬁ%f%“@}%" .A"ff?c?a“ﬂif@t"ﬁgd”e‘b? ™
filtering engine intakg ai @aiagp_r@ﬁlveembﬁétﬁlch&y(qegoﬁ@rmgﬂr% 18y e% 8t ofdhedigast
1.2 liters; said nmethod including a step of. (a) directing intake air
through a prefilter and theéswnkmoagircalar iingatongid tramsvarfe samas).fil ter
arrangenment conprising: (i) an inner air filter including: (A)  first
and second end caps; (B) an outer liner extending between the first and
second end caps; gt he F aded Y| £ :f.ace area; (O
cylindrical extensi ongﬁép?t%%gjegm?e%o%h%gégﬁﬁgﬁ%gﬁ%ed by the outer

|l i ner and extendi ng bét)weesaitdhatchings@2amdheecond end caps; (ii) a

renmovabl e and repl aceable prefilter circunscribing the inner filter and
covering a portion of the ¥adirstsseaf Siiches ) aleng adirstswsulsnriar 38) per; (A
t he renovabl e and repl aceabi. ! > PR a ring.construction of
filter material including g‘tl)ea P&g{}a %éetg)gts 1g‘?f;%r)ss(tﬂ'§§aann?Qingsaenco S %%/eé:?% 8‘1‘C\§?rlrf%r
medi a secured together; (1) (4ifenfirst |ayer generally circunscribing the
second | ayer; (2) the first |ayer conprising non-woven fibrous depth
medi a having an average fi lfiéy) adhizdreatef stitchesamlopasaidtransierse st@m{43}) oxtendingd

between the first (38) and second (41) circular rims.

9. A filter arrangement (1) according to any one of claims 2 or 3 wherein:
(a) said layer of foam media (35) comprises a most downstream layer of

filter media within said prefilter construction (4).

10. A filter arrangement (1) according to any one of claims 2 or 3 wherein:
(a) said air filter (5) includes a cylindrical pleated media construction
(12) positioned between an inner liner (15) and an outer liner (16);

0)) said outer liner (16) comprising said outer peripheral surface

(16).

11. A filter arrangement (1) according to any one of claims 2 or 3 wherein:
(a) said first end cap (10) is an open end cap having an axial seal bead
(20) thereon; and
(b) said second end cap (11) is an open end cap having an axial seal bead

(21) thereon.
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of foam nedia i ncl uBFHYSAAI%Hen
cell foam having a celt ¥ 0 p@bes per inch. 22. A et hod
of filtering according . to claim?21l wherein: (a) sai g step, of_ djrecting
conprises directirt -thﬁéﬁ%agaweémtﬁﬁracmém&tﬂanx pye of Hamnsts QrS%WFarm of
the prefilter conprise oly. i i -\ { I r
within the range of 12?(3 m%%ﬁgﬁhgﬂgs §?ll¥l?§{§eggtv%§c%ea§%n I(gi/ge)oﬁ{sg J:tt e &
prefilter conprises pol yuretdiznged frfiteRsg air afa IBWIEE oFht fehdtt200icaBic feet per
according to any one of clains 21 and 22 wherein: (a)  said step of
directing conprises directi rginute begthravgh, dnsng formakengiheprgration with loadhe
pl eated nedi a has an upstream surface area within the range of 10 sq. ft.
to 75 sqg. ft; (ii) the inner filter includes an inner |liner and the

pl eat ed nedi a has pl i iR R 8t ig- nch,
around an inner pelr%i phgﬁy}e??ﬁ%%ﬂ%gw&&ﬂm%?ﬁﬁﬁ a%@éaﬁﬁxglﬁr%\gﬂéém

(3) t he s&¥@A#0I23Yer

i nner
cylindrical surface ardga)w tsaidprefikercongteudtion 949) is gosititnedtapoda) bstonot iotherwmad
(1v) the outer liner has an open area_of at |east 70% 24. A et hod of
filtering according to any c§ewsd tgsaidmer PHer$®. wherein: (a) said step of
directing conprises directing through a prefilter wherein: (i) said
first and second | ayers are secured to one another by stitching. 28 25.

A method of filteriang AGRONEH AE db@nbihg ARt hrrfh@nitht A hddinphagirefiter (a)
said step of directing conprises directing through an inner filter wherein:

(i) said first end cemsimctiond@s ashamair filtes@hcdoediog tcoany qrieiof claima@r 3; the

second end cap includes axi al seal bead. 26. met hod of filferi
according to any one oPregp‘Sﬁ ?Pé‘St_Z‘i‘?tf'@ (\‘Xg}éﬁvé'i‘gn? la@'ﬁ’)‘_’{aﬂlg%‘i‘ "é’f}b‘ﬁ‘e%‘P (é‘ﬁraé’gtg“i ng
conprises directing thpougly f@Qm'rH&gi (Fsh ki Rked B tESaPer dfifdbrousitpth BE&R (S by

medi a conpri ses pl eated” paper nedi a.
stitching (42); the air filter (5) having first (10) and second (11) end caps, and

an outer peripheral surface (16); said method comprising a step of:
(a) slipping the prefilter construction (4) over and around the air filter (5)
to cover the outer peripheral surface (16) of the air filter (5) with the

prefilter construction (4).
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