; ABCDe3eeezz{} p~68T{~r WO 00l 50149 1 PCT/ US00/ 04557 SEALI NG SYSTEM FOR
FI LTER | uaA~~e~u~ Thi s di scl osure concerns filter constructions for engines
and methods 5 of filtering and filter preparation. In particular, the

di scl osure deessbes a filter arrangerrent havi ng a seali ng:cqmbmsy
Background of the Invention Gas streansloften carry particulate nateri al
therein. In many instances, i tSEAIINGEYISFEIDFOR FOLTERNDVEe sone or all of the

particul ate material froma gas 10 flow stream For exarrp mmlm Il"" wm_(le
streans to engines for notorized vehicles or power genera t
gas streans directed to gas tur biField of thednyeintiont r eans t o vari eddso€onbusti on

furnaces, often include particulate material therein. The particul ate
material, should it redbh disalosirpeencamb filterdonsigstions fohengings psligethedshani ss

i nvol ved, scan,rGadske &rati%a&tebﬁanﬁanﬁgﬁnmer eteglscﬂogurbaegcherseafmree preferred,

for such 15 systens, to rehove the particuflate naterial fromthe gas flow
upstream of tmnmnheav"tamsplmsyrtemnace or ot her equi pnent involved. A
variety of air filter or gas filter arrangenents have been devel oped for

particul ate renoval. In general) however, cgnti nued i nprovenents are
sought. Summary of the Disclos f¢h re describes an engine
air flow system The aiGas btkeaiiis dfted efyGariRulatatatéridl ietedi. Bl mant
construction .ncludin g di a pack and a Sgtahlgl nlg. }S‘Jéstem B ef erred
Sonf i gur at | oS IUR AR Ly refaNs wame or A L s Prishibte et BRB AR nd & seal
menber, whier eflévistirdamarfer aurairqarlrg emfmﬁkei sﬁéd:hﬁi@&n@ﬁese‘ht ans)'maem \pmmjlee@t i ng
axially from one of tartrlt(amf)[e ow f cges to rau &e{ﬂ ?fcbn arsttlecmu arly 25
preferred ar BN geéﬁ%)ﬁf fhap AERPEP 9TEC 19&8 ) % SREBHSi on of
the frame ar r‘atn@m*rc&mthust‘fonl fumacss) dtmmﬁclubmﬂrcu]ratelmemdummiesthd bed herein.
Preferred filter e const.r.u i i clud onssuch s_t hose
char act ori eSS MBSl RO Eieh il yokingd OF e BRo RSB m O0F
systens, and ﬁ@ole@hsarmauid sabst4rtiak damage tkmmgerfersttbera”b& pefseed, fedudker ei n.
Preferred fil el S

character |§zT§dS yg‘%%‘\?\g" rérﬁn &{’%qheop ar&cg[at %&E@T@gﬁ%ljﬁ%}: Béfgg?fhg Bri ef
Descripti on oéngirietufimesiungese bt Gherrqummantsan@t iAcyarser dfpadiliever gasew of one
Do ment . A HibdreBinddAks nARSALAIARIObA EERALInPHRAP I Bobal N S

di scl osure; I's a schematic rspetlve Vi ew 0 ortion of filter
nmedi a however, continued improvements are sought.

Summary of the Disclosure

20 This disclosure describes an engine air flow system. The air flow
system comprises a filter element construction including a media pack and a sealing
system. In preferred configurations, the sealing system will have a frame
arrangement and a seal member, where the frame arrangement includes an extension
projecting axially from one of the flow faces of the media pack. In particularly

25  preferred arrangements, the seal member is supported by the extension of the frame
arrangement.

Filter element constructions are described herein. Preferred filter
element constructions will include ones such as those characterized above.
Methods of filtering systems, servicing filtration systems, and
30  constructing filter arrangements are described herein. Preferred methods will use

filter elements and constructions as characterized above.
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5 usable in the arrangenents of FIG 1, FIG 3 is a schematic, perspective
vi ew of one approach to manufacturing a filter pack usable in the" v
arrangenents of FIG 1; FIG 4 is a schematic, plan view of one enbodi nent
a sealing syotesagf the filter pack of F1G 1; 10 FIG 5 psrasamabigratic,
fragmented, cross-sectional view of the?arrangenent of FIG 1, depicted

sealed in an air cleaner f orBrigfdes@tiptioncofithe Brawingsmti c, cross-secti onal

view of the frame of the sealing systemof FIG 4, taken along the line 6-6
of FIG 4; FIG 7 is afCenhlisssshemiticapgrensetde iohehaneiesbedisest sbltari onal vi ew

of 15 one e i : Mol Y er of the sealing system of
"?gae g@cmdlﬁmﬁgx?ag;%@&gﬁg&  358hcld s ing sy

FIG 4, according to pri thi's osSure; FIG 8 is a schematic,

perspective view of ong®aROMNERicOperdReevich 88 Fdmion &F MMk flagid il ter
pack according to principles of this disclosure can be used; FIG 9 is a

schematic’ créabic indls arnggmeptsafiFd$- kb he air cl eaner depicted 20 in FIG 8,
showi ng the filter pac@tqdepicted in FIG 1insta¢|edtherew’thin; FIG 10
is a schematic, perspetiq ves HiBHIYE, BErfRerdye VATY e SR Bodi ment of a

filter pack, namGRemiinga filergAtK @able P thBairplgement of FiGE 1¢li scl osure; FIG 11 is
a schematic, perspective viewof a filter nmedia portion of the filter pack
of FIG 10; 25 FI G 12FIiGs 4as schanaicl plan pewsiieat enbodimewagtalingsystanbodi nent
of a franme porti for,a lLling systemof the filter pack depicted in FIG
10; FIG 13 i° Ehgq@tfh%ar?gf’lfﬁﬁféross-secti onal view of one enbodi nent of the

i t bl e § h [ k | L. t ak I
The 11 W5 13 of A G b Iticpble, PARMEEELEL el By e 270001 Vew

of an alt er natrengemsodifid@t 1, dépicted seialed i mamesleanactoonst, ng t o pri nci pl es of
this disclosure; WO 00/ 50149 3 PCT/ US00/ 04557 FIG 15 is a schematic,
cross-sectional view oflG Rés ajchemodticasress—ereppreal aigw of U fgmelof thigalingken al ong

the line 15- kpqands BItPW AkenlMhgflihd iRT6BASKI®T4; FI G 10 installed w thin;
FIG 16 is a schematic view of one embodi ment of a systemin which 5 air

cleaners according to FE 7R 8Sibrgedi ffghRfed Schemaridl&ee-sdcliénal Hiéwios an end
el evational view of an alternatiyve enbodinment of the fil te(rﬂ&)ack depi cted

in FIG 1 afge ppbedimentithe compzassible|seal membriet the sealing syssek B EICdvbodi nent  of
the filter paskoréieptciridipldd ofihis disklosure;

FIG. 8 is a schematic, perspective view of one embodiment of an air

cleaner, in which a filter pack according to principles of this disclosure can be used;

FIG. 9 is a schematic, cross—sectional view of the air cleaner depicted

20  in FIG. 8, showing the filter pack depicted in FIG. 1 installed therewithin;

FIG. 10 is a schematic, perspective view of a first alternative

embodiment of a filter pack, according to certain principles of this disclosure;

FIG. 11 is a schematic, perspective view of a filter media portion of
the filter pack of F1G. 10;

25 FIG. 12 is a schematic, perspective view of one embodiment of a

frame portion for a sealing system of the filter pack depicted in FIG. 10;

FIG. 13 is a schematic, cross—sectional view of one embodiment of
the sealing system usable in the filter pack depicted in FIG. 10, taken along the line
13-13 of FIG. 10;

30 FIG. 14 is a schematic, side elevational view of an alternate

embodiment of an air cleaner, according to principles of this disclosure;



10 Detailed Description A. FIGS. 1-7 Attention is directed to FIG 1. FIG 1
is a-perspective view of a first enbodinent of a filter pack 50. The
preferred filter pack 50 depicted includes filter nmedia 55 and a sealing
system 60. woops@aferred constructions, the filter nedia 5%crasdiasszsi gned
to renove particulates_froma fluid, suéh as air, passing through the
filter media 55, whil eFlthd5 éemicheipatioyerossmeetionat vigwsifgareair eleanseal the filter
pack S50 agai nghicitd $i FRAL kndakéh AMUEShOGnOTs-G5 Gha sV AV ALt babll 65. 8 and 9.
By the term"seal,” it is nmeant that the sealing system 60) ‘under nor nal
condi tions, pievEhingtaligdiwithatided | evel s of fluid from passing through a

regi on between the filter pack 50 and the_sidewal| of 20 the housing or
duct; i.e.) the seati nBI%JEﬂWCBW?t%W‘W poneiembadimegtpira YiFRBdihy passage
t hrough the faiddQhé® geddbihgito AR Rsehi difc@dsuRagkuse®. I n certain preferred
arrangenents, the filter nedia 55 will be configured for straight-through
fl O¥V. By '('jst rai ght - t hr Bl@h 7fid /wvend eiebaticﬁml?ﬁ&&ﬂbf&fn{h’:lﬂen#aﬁ@e érhlbdd&?ermaﬂi a 55di S
configured in, a.constructiqgn with a first ow face 105 (corresponding
to an 25 inl é?e@lﬁ?f,pa?lﬁ]&lepﬁtegi‘?%ﬁgtlr3’& d enbodi nent) and an opposite, second

flow face 110 (corresp [ to gn,outlet .end, inp the illustrat

enbodi ment), with fl ui B 8% e fleNaiond i ofanothet f%%OJiTi'ﬁtoﬁ?}’SSgtﬁrthe
first flow fgmek dictand F&ikting in the sane direction 116 fromthe second
flow face 110. When used with an inline-flow housing, in general, the fluid
will enter through the inlet of the housing in one direction, enter 30 the
filter cofstruction 100 through tIsailedescrption f ace 105 in the same
direction, exit the WD 00/50149 4 PCT/ US00/ 04557 filter construction 100
in the same dtrecti@ 1t om the second flow face 110, and exit the housing
t hrough the housing outlet also in the sane direction. Although the first
flow face 105 is descr Agentiongiiwctad toddir bsHGn disfperspedive visvef adiid, and t he
second flow f : i i .o out | et
nd. the i i GRSt 3 (EOREL 36 rR U ARERR I RRR i adhr DU O,
face 10S depim¢diadss andkis@ling system @orin esfemed cénsurantions, tHedilteemedia $hisl e t he

second flqw face O depicted.in FIG .1 .can correspond to, an inlet end. In
FrGL, (Re (ERERSY I U i AU SRt PR e B UPe dept of ed
as pl anar andn@a $2ali¢ @k sealifig g@:@ﬂrﬁoqm@@hmtsgal tHeiBtef pdcB 50 B%Méace 105
and 10 the second flow face 110 can be non-planar, for exanple,
frust o- coni cafdewrllpf nlqusing preduct, psthomn ewFiGEe 8 andb Binde ssmopralt itéw face 110
need not be I r n " ' . tion 100
W1 be a wouldobbaid SRSl BB maRORR ol Brovbid S BRI, L7 Cai 1y
i ncl ude a | aydifludlf frdm pdseing thestigh a tdpiin HeBveen tha dittexqanip b @hrel the Sidewalipéat edl y
about a cgnter point. i.cally, .the wound construction will 15 be a coil,
in that a é?l?%xﬁmgp{ J‘é"‘ﬁe@?gewg DAL &dmlg‘&; @I‘E@?‘Y g'gmc?f""‘fiﬁ‘lgns around a
center poi nt.pakddgihtchBN SR EIRESn MM £5 Fof\WWhck @i | ed construction is used,
the filter construction 100 will be a roll of filter media, typical |y
perneabl e fluted filten, seginPrefdici @hhdglments, Mt edia 5§ Wil Be Eonfourss FI G 2
is schematic, perspective viéew denonstrating the principles of operation of
certain pref dor eaightthraigh dawl By|'siraighetheaugh flowdnt is meant that the differ medizi n. 1 n
Fig. 2, a fl cli i er.al | sSign at 122 Preferably,
the fluted CCL)gnSg]g F%@gﬁ%{i}ﬂﬁﬁgﬁ%}rﬁ% ?Jgefs? :an1 %}s/tgfawl ‘ffaltgs q%ogre?plfaélfl (E)c)’naél havi ng a
pl urality25f ihletiéngsinlizAillasndted etbadimehpail ah 3gposild) Gecbhd¥low fREDOAI ment shows

two sections of the face sheet 132, at 132A (depicted. on top of the
corrugat ed | d§f¥FesRaineipan gtleendgn thed dystrpiad e @%ﬂ?‘t‘h&‘%@?‘ﬂfg’é‘f ed |ayer

123) . Typi cal dy¥erink R dGE&IGH ¢ 4 &ﬁug?ﬁieﬁirﬁ PBwiriddGhs A elc?{éxgli‘xl? 8 sk

arrangenents described herein w nclude the corrugate ayer |23 secured
to the bott ondifegdan Idhdrom tha@sBondWeanfacesl 1@g Wheh ssaderd theangainstflochausing, 125 in a

roll ed constr.ucti vl b ical Ly wil]l b d around itself, such that
[he bot s om 1 AREehll: d hub 4R G atrail he 3 ASKORRSRRUN G dfSioh. catdloh 1 N30 -
The face Hheethe fila comwactiond 00 theoush fheGrstiflder Rer108 gathe shmeadirttidnSexdad ct ed as
132A. It should 30 be understood that the face sheet 132A and 132B are the
same sheet 132.



WO 00/50149 PCT/ US00I 04557 5 When using this type of media construction
125, the flute chanbers 124 preferably form alternating peaks 126 and :
troughs 128. The troughs 128 and peaks |26 divide the flutes into an upper
row and | owio ¢o@dys9 | N the particular configurati on shown iporiokésnassy t he
upper flutes formflute chambers 136 cldsed at the 5 downstream end, while
flute chanmberfdten@astiygliomiPOtimie samgpdireciemiram thestaosd dov drcmlihand eiler r ow of
flutes. The fI te?xn%eﬁ?q‘gg }i%h%ésﬁna})rgeta#%%e ?%/m“fad”qﬁ 3 end bead 138 that

flllsaportl ream weentheflutlng sheet
130 and the second faci et 2B.. Si second end d 140

cl oses the downstream éE}g’USFﬁ‘ﬁlf %iﬂgtf?cﬁd@fsgif%%bi@%’w?ﬁ 3m§°’b na‘terred
syst ems, bot hintih& ehd, a6d the BetoheAslv 12381 1(0s daxdrilsed cooNt 2 Behrdip@ading4®aar e

strai ght aI ong all portions of the nmedia construction 125, never devi ating

froma strai gHtctsed e ipigt g et prisert Rreeyste it iy the first ey fassdObead 138 is
both strai ghtsegds (6! 1 BekbALEEd b ATbRIPER, WailBlecBia fiRAfcon® Of the ends
of the medi adcgig‘gtructl on 125, \/\?ﬂcle t he second endecbea 14a8 I's both

strai ght and depvied inddGi htwoﬁcapqmcbtopomlﬂlemh at or near one of the ends of
the medi a construction 12S. The 15 flutes 124 and end beads 138, 140

provi de the nedi a conshvRIGt 1,0l fir@&Flotvfate l@arand)mefsmmmowmcelfﬂdre er
construction nd .be structu sel f ortln ut housi ng.
Wnen st ng. meRPEeE BTG B PR i 905 bt REgH. el e R s dur i ng
use, unfijot ergdsefdrdirw 8aecino agn B rloh- %Iuefo'i eia‘&ﬁ;lé lfr'el!it@-c&hé’dlbﬁﬁrﬁ)eﬁ-a@ as

i ndi cated by 20 the shaded arrows 15 The flute chambers 136 have their
upst r eam endsirstflewdiner 05 Tabsceendifiopefacsd 1 neadanof benwrallsl tasechntheri tted to pass
t hrough the downstream ends 148 of the flute chanbers 136 because their
downst r eam ends 148 ar Gengrallyele ﬁyertCh@trQetanO entboeweimigonstrPbitonef ore, t he
fluid is for t U th heet s
132. As the un ,ﬁ}éeféég(\tﬁ%ﬁ?ndmogxéggg aﬁ¥1nc ?%% ??zt“me‘ ézgthf%gor face
25 sheets | 32:pmbh&1)f druepéauediyelbcmameﬁt@pmﬁt Imercel@z thEh;eauﬁdi esargktivh will 1 s

i ndi cated by the aded arrow 150, The fluid then passes through the
flute charberts2reih 1’(‘&]‘“ %HY%&@@‘?H@#P%E?P@&%W@% S RIOBRARISENEED f | ow
through the GR&R ﬁ%%%éeﬁﬁﬁtm&@a%&'zb&dc@;ﬂstr%’tﬁomé"ﬁ‘seﬁ|th€f?l@l:r00n5trUCt' on
122. Wth the configuration shown, the unfiltered f lui'd can flow through
the fluted shreattruttBm 100 meall bpprotl of ﬁlﬁrrlilg:d@he’elcal!ﬁEA}lcabiﬁ flugeddilteB@ediaci ng sheet
132B, and into a flute chanber 134. Typically, the nedia construction 125
will be prepared and tHécntimodm@vwdireﬂedmFaIGrZJIFIé?dMﬂmmaLic,tﬁﬂmeclﬁ@@ of filter
medi a. Wen this ) O 00l 50 49 .6 PCT/.US00/ 04557
for et ne ehavenealE Tl B OREHE ateio PO PSRBT
corrugatimns fliddcaneeitrions hetdd) h PR, emdldm&dnsha&lans tderallpidsumute@se sheet
132B (as shown in FIG 2, but wt thout th p face sheet 132A). In these
types of arra%eﬁefﬁrféﬂyaf*r?él"ﬁ%é‘mﬁtree}wet%mué?ﬁ PAByepd 13 oficprepgatiensa | eadi ng
edge at one erndmg@ghﬁam}r@flddeammeéesh&%ﬁopne'ﬁe £hhodihdnbsiBwk 0P | ateral
edge and a bottom lateral edge extendi ng between the leading and trailing
edges. By t hewoseatinnd afslati face sla@gm af 132 A{depistadtonttdeofdhiyromupated layer | be

core of the. il o bi7e s RS- h AR ortaaiel Bty 20 SRRAY g on

t he outsize qﬁedlmngtmchadlzsmaaimuﬁaﬂgemenwmmbé@meetwlnﬁhcufdeme fum ng or
coiling process. 10 The | eading edge and the trailing edge should be seal ed
bet ween t he cOFPeRi:laer $3spuradio ﬂé?ﬂlﬂ’“?lﬁéacﬁélﬁqebﬁzﬁaé@%lh’é’@g@%‘?@la bef or e
vording the sBgghchict 25 £Rlikd cdrindch S ns 125.
Wiile a nunberﬁé&f C\}vays are posgln r&c,&?%t%% |“ﬁlf“r3r€?ﬂ‘hg] Igéélfe%'CHat t he

| eadi ng edge ths tledrofrent fars shest lmlll(ca\)ertHeeomertlnwaume@bweﬂBlZ&eand t he

bottom face s are cut. or iced a n ext endi ng
fromthe topﬁg lie“ra‘%ftl:fngsc j&MES ?Wgogﬁff%gﬁﬁ?ga?'%lm%e@bcee }3214 % 01" e bottom

| at eral egge ﬂama&ao&matltﬁefcadhe@dgmaﬂlmga&tﬁéwxesﬁéééla‘zorm ng a peak 126
at the highest point (or apex) of the peak 126; and (b) sealant is applied
bet ween the bottom face sheet 132B and the sheet of corrugations 123 al ong
the line or path of cut. The seal at the trailing edge can be forned

anal ogously to the process of formng the seal at the 20 | eadi ng edge.

Wil e a nunber of different types of sealant nay be used for form ng these
seal s, one usable material is a non-foaned seal ant avail able from H. B.
Fuller, St. Paul, Mnnesota, identified under the designation HLO842. When
using the nedia construction 125, it nmay be desired by the system designer
to wind the construction 125 into a rolled construction of filter nmedia, 25
such as the filter construction 100 of FIG 1. A variety of ways can be
used to coil or roII the rredla Attentlon |s d|rected to FIG 3. In the

T Y o 1 o~ e T = -



I n other methods, coreless constructions can be made fromthe nedi a
construction 125 by automated processes, as described in U S. Patent Nos.
5,543,007 1 S and 5, 435,870, each incorporated by reference herein. In
still otherwowtbmes, the nedia construction can be rol | edproyusewdss7\\hen
using rolled constructions such as the filter construction 100, the system
designer will want to Whetusinethiatype atmedia camgeughier iphéeyflut the construction
100 is cl OSed,hambe}sq%gféferw%oﬁﬁ%uéreau %‘f)gf(gtuég}%titdugﬁselr%(:?f]é&&lé&g' on 100

from unw nding. 20 Th are a vari et ways to acconplis In sone
appl i cations 128dnelp@altssmdélvgbrthqihmsyntnsnupp&pmdand/iltb\herampem tbfhmrtyculleayer The

periphery | ayer. can be a nop- ve mat rla u | astic
Wi th an adheStigiBHo ﬁ“@w&i"a@&\%ﬁgﬁuﬁpﬁﬂg %/‘188“ 8f“e|° ferg lé%df‘is?‘fi 3 . the
perrphery sl aygwmde@M 8ad, whild futb 'clllamfersqgm ﬁmﬁgcﬁxb@apsheﬁn ErdDapsedéridh)g and
prevents the fluid from passi ng through the outside periphery of the 25

filter const taver ronofifbtes. Fhe Aeted ehiambers d 3hirg plosadthyafyst end beedth® Bapgh t he
filter const Rt ruction 100
is secured i EH?% ro‘%?@a %ué%g%?glﬁ f@‘% s%se}lﬁ%r}ﬁﬁgé %ﬁregtlrlﬁﬁ(r%gégl e of the

medi a const r secbhdfacih@ Sheai 1RBarimidirhs b veeond ersldahdaH0 cddsedtije am*ms&eahﬁo (F~g. 1)
to securethe%?)?lllln e eé t he OUt{sj‘-Fdﬁ 303rfaeof t ter
construction IEgP 1! §) In sprag e SStems; o ﬁbsé %J&rﬂa al ong the
line 160.10 VW QO4Chd Bed 1862/ ISHRH GRS 411 ﬁl@ﬁktdf%ém&lu?&%tﬂmﬁbﬁ goted to

FIG 1. In FIG 1, the second flow facé 110 is shown schematically. There

i s a porti on nater daviating frgpm asy alghfepafhl Je saind prefenrel] sygtempahofrsiend el 1882 and
cl osed ends e S section 112
IS represent ;rlsfbf%\t}g{t% éi%tgne?fl?‘lel‘lu Iflgosa%f%ggr I{fglt ‘?—@%g{hggﬁ Y ol% clari ty and

5 sinplici tymeﬁheoﬁdtmttem 136 awmlatthecbecﬁunﬂfeﬁcdbdaa 140 beﬂmfs&algm@ﬁanmeﬂg portions
of the flow face 110. Top.and bottom?lan Vi ews, as side

el evati onal JPEHES HIm 3 Pesitiqn orpicanong of the spffsot the “E‘%‘é‘ @9%1{“@%@ g The

arrangemst s fRlRs ¢r4 Qﬁ@nﬁ'@éa@b g &F?Hccﬁ)@ﬁ‘:eﬂﬁ c&%&@&%ﬁgs #afcan@EmoONl Y
assigned U S. Patent Application Serial No. 101, 193, filed February 26,
1999, and entfériedénto filgricorstrugtion ri@@mndl-H&\strrmu@ébaMfrﬁngymthher ein

|ncorporated o) O reference. Turning nowto FIG 9, the filter

construction T S shown instal l ed in a housi ng 305 (whi ch can be part of
an air intake duct intg.an e or tu rra enent. .shown, am
flows into the housi ng%ﬁ%uséq %ﬂ%{?gl’fk?‘ﬁé 1388%2??%?&1@ n 100, and

out of the hausiggeIDBltatd BOd; sumralrnaﬁbrﬁtheﬂa&tchmﬁdrpm a5 bt@icatkBbps filter
constructions |00 of the type shown are used in a duct or housing 305, a

seal i ng st ébﬁ%@%@?wb@%é@lﬂate%a‘@?@}ﬁé hayedheipypstreqpengls 146G eeBh t he medi a
const  uct | on 1400 ik o AGAR RSl forpsBERRLE] BY BNk ELE 14B0r ShOI g

an enl arged, fragnmented view o ter conStruction 100 installed in
t he housi ng 3i|ut¢ ¢hembers fl Bchdcause theldpwnstreas erdr 180 a2Clddebbycthestcomic| udes a

frame construc a seal. er. 250. en this t f.sealing

system 60 is H@éﬁg liionfefe?fé‘ tﬁ%ﬁ‘ﬂﬂs SIF?‘{}Hpiofﬁed\é\pﬁ\?g}bg’gﬁamﬁﬁ%#?&%rtruct ure
or backi ng agadeREdets\iBR CAs theRnfigadd MRdRAses A0ughake MRing GRRI BXSRGcagai nst to
forma radial seal 172 with the duct or hou5|$£ﬂ305 Still inreference to

FIG 5, i tbeehdde Baflud isqiasned ordiered nbirleapedbilyd istindisateddyrise r uct i on 170
includes a ri t . at | east a
portion of or?él o?e E fﬁ?s?ﬂgﬂlﬁzé‘g;&g&gesﬁr% qgéggtgﬁ%ag)&%rllgﬁgpﬁ@ﬂ]e filter
const ruct i on ha@OheiTigstreang erdis p§ bglesed) to flod Trpuginthe b;mnplawhétxeamand &2 angenent
shown in FIG, 5, fi.omihe. second flo ce 11Q of the
filler const bt )SH{ ﬁﬁg“teiﬁ@sﬁﬁ%f"? %I v&hlﬁh@ico g@’f?ﬂ%vﬁ‘?ﬁ'ﬁt %E H%fa}se’e@he

proj ection | ffidesh @blw)hBhig 8E fhiBOshef QY6 tROudpberan m&a 1328081 dobdrow face 110,
due to the planar shape of the second flow face 110. In arrangerrents wher e

t he fl ow Xacdading shesilpiBmad intosq e ehamberSdo- coni cal t he

Typically, the media construction 125 will be prepared and then wound

to form a rolled construction 100 of filter media. When this type of media is selected



WO 00/50149 9 PCT/ USO0/ 04557 projection 174 can be designed to project
above only a portion of the flow face. For exanple, in a frusto-conical
filter construction, there could be a center portion at or near the core
that extendgoahss the projection | 74. FIG 6 depicts a pepesosdesii onal
view the particular franme construction % 170 depicted in FIG 5. In FIG 6,
t he proj ecti ofor hsedthe hwdia chiistruetiopnd 2 peparep pehidecths slebetsof tabygationd823 oi ned by
an end tip 180. In eferred arrangenents, one the first econd

si des 176, 17@%9&611wﬁbfmaﬁeas%é&wgwot@m%%ﬂék?%gg%%(aﬁﬁ@\%&ﬁ@gnﬁ%r 250
such that a sgahoul iR tGPARed 2571 1DRE s BfrAghdnet the BRagel ected side
176 or 178 and the appropriate surface of the housing or duct. \Wen this
type of const eenstmiction |25 widldecludeladeating sdes at eut ¢ndrand 7 ganing ¢dgeat the cont i nuous
menber forpmn ] . truct ur 3 e I er 2S0
can engage or SHsCFRNE FE8 akid ike PRt Rl it g BN ERIE
struct ure 182]eading fridaratiitigetgear Bg ttdeeriBGeating bz |i0i0 mesiitithecddge thathGill.be Vhen

engaging the interior sid i84 of the loop structure 182) the seal nenber
250 can be coMptaeE SERPAREFNEGTUEHE YIS A AHIRRTIYLD eRACLOT I Of Hie "D er

i nserted wit higofhi@ioh OPR, "udihhl eddd@illlbetnd &g BA M B6H1d00r dhé doied seal nenber
250 circunscribes the tubular” nmenmber. This™would forma radial seal between
and agai nst t benswedtien, upen ¢camphetion of the tiruibgibranoilmg phyeessand t he interior side
176 of the proj ection | 74 (and the | oop structure 182). The seal nenber
250 can all8o engage t hélheddadimg edgepod thedmnilibg Glgsfshouidbd weled betweatthe e 182.
When this type of constructi [ S used, .a i,ng or duc 2

ci rcumscri be Ewggﬁs@%}g@tl‘ggﬁn&i@ﬁh%&)&i ﬁﬁ%ﬁcgpgﬁitbﬁg’ée‘f mﬁ&il_lﬁnsﬁ%ﬁtﬁgwfhe seal
nmenber 250 t OcdiRinthéke Bt oftRddVERAstAIBEbrR TS, MWhild Deurdhs: 6f whisde: pbéshigf t he
projection 174 and an inner surface of the housing or duct. In certain

preferred arr Hrfgenammethods, the sead al thedspding cdzs s fampd ge fllgsc@dis both of the
interior side bHer, ] i . : . In 25
the parti cul a?@éﬁ%@%ﬁe@ﬁtﬁs %ﬁéﬁ%%%&h%% 1?%%%32!]%%%%%%&%%8&%%%968 t he
end tip 189 opath bxgenpling feom the oplRtdrabesigevel the battooatetabedge (e, Seatheender 250

covers the projectio 74 fromt xterior side.186 the .end tip 180,
and to the | nfak:er"iﬁg?lgegi) ﬁgﬁﬁﬁ@g}&?‘{égnaﬁ?%ﬁ 4"26 VR ?%Egéﬁ.the}f‘gq?gtand 6.

FIG 4 is a sghienetipex) dkiapedd B, 8id (b)\Qale@d dppBedietiRRbofémBlces 1; FIG 5
is a fragnented, schematic, cross30 sectional view of the filter pack 50 of

FIG 1 instal Pregt 134Brsad 8 spebrimorregations| 183 algng the dine onpethorfenio g sepbat
PCT/ US00/ 0455ﬁ1|e%%hﬁ ddecon fd %ﬁﬁ@%@&l%%&@?ho %gﬁ'gﬁ)%cé?s'fs o%%ﬁgin@%%eﬁ‘% gruction |

70 of the sealing syste eral, n-using frane
const r uct Rons leadidg sdgeh Wasle & huaker dé difetebietgpds f salant dyebefusathfer foommpr uct i on

170 will inclyde a frame 205. The fra S 205 may . vari of . shapes.
In the parti c&eﬁerseﬁlf‘rﬁ’f}a}’%éﬁt‘mﬁ"?ﬁ§?F‘%&%&I“F%S%aﬁ%ﬁ‘?&%éo #a%g%g?r ¥he 1I‘O rane
20S i s gener abhy, MinhedataidentiHee uhden i défmafi&ict®Rd. in FIG 4 is convenient

inthat it is arranged and configured for attachnment to the second flow
When using the media construction 125, it may be desired by the

system designer 10 wind the construction 125 into a rolled construction of filter media,
25  such as the filter construction 100 of FIG. 1. A variety of ways can be used to coil or
roll the media. Attention is directed to FIG. 3. In the particular embodiment shown in
FIG. 3, the media construction 125 is wound about a center mandrel 154 or other
element to providc a mounting member for winding. The center mandrel 154 may be
removed or left to plug to act as a core at the center of the cylindrical filter construction
30 100 (FIG. 1). It can be appreciated that non-round center winding members may be
utilized for making other filtering media shapes, such as filter media having an oblong,

oval, rectangular, or racetrack-shaped profile.



face 110 of the filter construction 100. Referring nowto FIG 6, in the
parti-cul ar arrangenent depicted, the 10 frane 205 has a band, skirt, or
depending lip 251 that is generally circular and has an inside dianeter.
Pref erably, widwsbiagi de di aneter is appr OXI mat el y equal t o gdirusesésséde

di anmeter of the filter construction 1007 The dependi ng lip 251 depends or
extends down a first difBemedecdnstortion bt tapais B2 wound withoubs mendseor br aces
210. The depending li arran ed onf i d dially
around the sec%ﬁcf%i%cfeme Oéicoé NRRIAS core?e@ﬂoﬁ Jl%ogng‘gc?g%[sia(s)ﬁ&lfgg aé?ef erring

now to FI G She tréughf 280 tHel fE ¢t e cRigaibingBithe 6tRigatee cheet 178 sp@peficinng | i p 251
ext ends radi al I% around the second flow face 110 of the filter nmedia | 00,

such that thehg Wﬁﬁdﬁ@a‘lelsﬁf‘?%flo”é%é‘?ﬂéteﬁh%ﬁmmﬁ hetam lagral gdgst@hce of the
second fl f verl ap
egi on 255 Z0ug Opcthaichslgerd B ARSI Uik] @Reb o i N ite@o
constructi on 1RG0for éxampie, éttﬁrsofoumayslgatmns&omrthae lbmgedgcriylmmﬁrea@cdrém filter
construction |00 are SSI rl referre to secure the
frame 205 to {H5&" tﬁk?“tg éstlrzﬁg@‘fé}%abfﬁ‘%)ﬁw‘%ﬁﬁfxﬁgg gP ‘egﬁ%éfm%§ . In the
particul ar e"fﬁ@dieéf&ﬂ%orﬂ%@lh&ﬂ@@ alofg fle GaterBl edkO\GppasiiteEdny B lferlcd gt ed in the
overlap region 255 between the depending I|p 51 and the 25 filter

const ruct i on hegog e beed 1 3§19 th@??é“%é%ﬁ\!‘é“%@ﬁ%?@ﬂrpl%d&ﬁ’?ﬁ agaigstitsRll f r ane
205 10 L0 1 4Rl ORI LI AR VAR PLEKENAR U WOl | o2k ng
the franme 20&orrbgateﬂ sheat 23 havmgehﬂimdpmﬁ”zMe$heet hE2 B seaured fh%tormymteé ot enpor ar ily
attached to th ilter. 30 onstr 100. By the term"tenporarily,” it

i s meant thatroﬁ‘ﬁjfe orfyraedar cgﬁi ef romthe filter construction 100

wi t hout damagi ng eithe e sealin stem 6Q or the fjlter construction
100. During use of frai’b%tn‘i‘@‘?“t?fis tc%éf stEpens cayb %?‘Jélff?mﬁ ﬁ\‘/ﬁﬁ‘& f or ces

are exerted acroguﬂﬂﬁ&hm%'gra%ﬂ%@& ?ﬁ@@ssé%f astd&ribb ARy .8 MhrenOS 8,503 Gges 210
support t he WO 00/ 50149 11 PCT/ US00/ 04557 frame 205. By the term

"support, IS i tand$,438.87Q, cadhancorpomtesihygefetsnesdwreip 110 spit etherrmethdds, the ame 205 from
radially coll aQ@é?r‘o%st‘Hu%ﬁgﬂct he f ed%ers] %xerted around the circunference of

the frame 205" erring aané)ierrf)l 6, the particular projection 174

d t ed f bl d ti 3 t.
[nthe one depi ol el 2%@%&%?%&%@ R B oo R R i R Y. B S oy

and is arranggsteidsigRnivilDwir tb dndilire IHAS@E bSiBe péHpBerdt oY SoriRguondoct . When
circular, the tip portion 263 defines an inside dianmeter. Between the tip
portion 263 afglopader iskuhiapliee Pippvem the flire canstuasion 48P frore buwading: st ep 253.

The step £p3 e X\@ﬂgpe nsi de

di anet er %f5 tﬁ%p%%%gﬁﬂﬁ%&ﬁ%é%ﬁ&m%%gm eaﬁapﬁcﬁg?r{cfgﬁérgt%g%er of the
tip portion Mphwsmameémmameﬂbhat}/dwedi’ﬂ@pnedpmemyelaacrrcamg@amm‘epmm in
FIGS. 5 and 6, .the t|t i on 263 ghovi sup QE{% corrpresm bl e
seal menber 24esivR{aa Pt v ?‘?bv&onf % ‘8’5%% SR const ruct ed
and arranged lhwbsanméecwfefpb@he@twér prev@tsahsfilidr orls@udidn (0O0REASSed bet ween
the tip portion 263 of the frane 205 and a sidewall 260 of a housing or

duct. When sudm¥iedighandpreveptpthe faiddragepaseing theavgh thepuisisie prphenad thend t he
si deval | 260, m'ie?%ﬁ{mc?r%ﬂh %ﬂtaﬁmfl%&&?ﬁuhﬁ%%“}tﬁ%u%ﬂ thi ﬁfterpaCk 50 and the

sidewal | 260. A variety o ‘Ways are possi to secu e seal nenber 250
to the 20 ti pcopstrichoml@63. One particul arly conveni ent and preferred way is
by nol di ng the

In some applications, the filter construction 100 is secured in its rolled

construction by sealing the trailing edge of the media construction 125 with an
adhesive or sealant along a line 160 (Fig. 1) to secure the trailing edge to the outside
30  surface of the filter construction 100. For examplc, a bead of hot-melt may be applied

along the line 160.



seal nmenber 250 to engage, cover, or overlap both the outer radial side 270
of the tip portion 263 and the inner radial side 271 of the tip portion’
263, including the end tip 180 (FIG 7). One particular enbodi nent of this
configurati gy domedepi cted in FIG 7. The seal nenber 250, pcdsbdpassh
conpletely covers the tip portion 263. 285 The tip portion 263 of the frane
205 defines a wall or attppbhis Shihdiredaedo PEG.viedn FERd, thgaecosd flakifach a radi al
seal 172 may fornmed by the ¢ ressi bl e seal mber 250, The conpression
of the conpr eﬁ@i“b&l WBéCJ‘FX‘Fr‘éﬁ?ﬁ%rﬁgE@SéPW‘H%ats@gF‘?%E‘ggﬁ’ét‘ﬁwgﬁl'g@gﬂ?eef erably
sufficient toykREMsasT Al cidseBGAL 14848 BepiAIIC T shOR1d BE BRRENRA 1Rk kO gr eat er
than 80 I bs., typically, no greater than 50 Ibs., for 30 exanple, about

20- 40 | bs., aweronildhis remesgriptiee! percniire lewrsesdil@ ntordhpsabaehclaiaimge out by
hand. Prefer . f [ eSS| 1. r [ eal nenber
250 is at Sfegs?flylﬁt%{}g%ﬁgg%? %:%o(r?ltd ?pq%%%g%a% e3 reg%m%%%ﬁémtoﬁg% ﬂ?&ﬁ%@ percent,
and typi cal | yllbeTuge et Howemntplanaieths] dsiwellyas kib¢ eevaperia eietvs oByfilte padkrf) of
conpression” it is ant the physical displacenent of ap outernost portion
of the seal misAtemt %ystemwdomassﬁfwsfzscp%ﬁﬁegmfeﬂ%efe%&f’%ﬁnﬁvgm/ard t he
tip portion 283 namPasHEleatns 3RnCApIRRi0A LR MRS Do/PON, 19301e@Fetiritey 56al menber
25U in a resting, undisturbed state and not installed within a duct or

subj ect io0 ot 8P, andewisled, "Rilteehlement HagindiSealing Sustern,” BpEin ifcorfora@d by i s an

enl ar ged lsocherrgpe;eingé fragnented view of a particular preferred seal nenber
250 in an unconpressed state. In the preferred enbodi nent shown, the seal

menber 250 is a stepped crosssectional nfigurati of .decr easi
out er nost di nensi ons ( Fameery, O%cg%’t Fﬁ@ﬂlc '?s;gm?t}o ﬁqbglﬁsih?‘g{’ l%ﬁged§g4 to a
second end 26bhoukifig 30wt cBeSd partldlf en SieitakeGuct MitehednzRE o8 el f Ingd | ons for

the profile of the particular arrangenment shown in FIG 7 10 are as
foll ows: a poATipsEeRbTReWRGHoM P thehopsng 399 a6 throwehthe fder (preferably at

| east three) pHOQEESSINEIM ohASi¥R noRlifP s8¢, 9 Efia LRl RASsuh th the
sidewal | 260 (FIG 5) an |c())r ovi ehoa 1?%”50' gi-gégh%glggﬁ &aTﬂg corrpfseué\lléi bl e seal
menber 250 dedsifitescoastypctaatis d 0@ ofghe fypeshowsiaregis¢din @rdnet| or dowsmet306.s2 of surf aces
for interfacing.wth t [ dewal |. 260. ci ficall ,h 15.the exanpl e
shown in FI GSFM&SK e’%%ﬁﬁ'ﬁle%esrlcﬁ(}eg t%%rﬁweﬁgﬁf)'ého‘ﬁ%mé‘g? *hﬁ&e%lahr ee steps 266,
267, 268. Thecoﬁgtﬁﬁﬁorﬁm,t,ia@,eﬁhmpbgg@ggsﬂon or wwdth of the steps 266, 267, 268
i ncreases the further the step 6, 267, 268 is fiomthe second end 265 of

the conpressible seal Refhfizd®Qo FINS, hoWinyeh eflb3EBIREmakled View s£GoONd end
265 al lows for easy insertion into a duct or housi ng‘é The | arger di aneter
P

at the first Eifacosucign ¥{sinstalledan the hersingS85. the nartisaie paaling system#Opr oper | y
functi oni r adi.alil: i . iRl : er 250
needs t ~ %tg c%glﬁfegéﬁs/%@@ ig%ﬁl? %égtg'ﬁgérﬁeﬁqo a%ggﬁe%gﬁtgégé?ggt ﬁg@:ﬁ%ss_ ng 305 or
duct. | n manysepimgfsgstene 60 tonst, the dtame kenstridtion $7C propidessssmgpdyedtmetare cabout
fifteen percent,.and forty rcent f about twenty to thirty-three 25
percent) of i %@%F%‘Hﬁ%‘@‘?& F\setaﬂ‘é‘e‘%‘ﬁ rgg@%ﬁ“q’ﬁﬁ?‘f’f’%ﬁ?& g%’f‘"}f‘f't(?g%“ab"yrfa I'a strong
robust seal y®hliFwlith theiuer hbikaiz 308n result from hand installation of the
el enent with forces on the order of 80 pounds or |ess, preferably 50 pounds

or less, and generall ySﬁ@ﬁﬁ@fe%&@t@?-l&l5?irﬂﬁ@ﬁ&@éular%ﬂﬁo&ﬂnleﬁt%ﬁmﬂ?% 50 can be

arranged and configured to be 30 press-fit against the sidewall 260 of the
housi ng 395 oframf eenstruction e ingusles 4 figid prafrstiomBidithat esiastsion eRprds dm at he
conpressi bl e i res et n Si |1 260 and the
tip portion 2%?]?)?&?%&1[0? g?rgthéggf&gg fceongergarcgssm blnltohcﬁﬁhee f@%ﬁ’gr essi bl e seal
menber 250 exemnstauctiorf 0C haggid pafjectibrel Bl ihekedakticAl arkahgéhent siouriessi bl e seal
menber 250 tr] t o expan %ut\/\grdly to ills natgral WO 00/ 50149 13

PCT/ US00/ 04557 5 £ et itally fgyanieafnddion faced2 0 ge G EUFAr SORYUTUSHE 8t the tip
portion 263 amgkdahRukl FEN8bmbodBtht sBhwsithdRo)c&icANF4 Ixidllyl Bl absvedi T ect ed

to FIG 8. FIG 8 is a schematic, perspective
30  the entire second flow face 110, due to the planar shape of the second flow face 110.

In arrangements where the flow face is non-planar, such as frusto-conical, the



5 view of an air cleaner 300. In certain systens, the filter pack 50 is
designed to be inserted into a housing 305 of an air cleaner 300. The
housing 305 is typically part of ductwork in airflow communication with an
air intake wostsmabor an engi ne. As used herein, the ter mpPavuisowosss” or
"duct” will include structures such as aEi pes, tubes, and_ air cleaner

housi ngs. 10 MOigRIoRd7YcaroelisuEIed fxpraied shevasnly apartien ¢fdhe flqw Bee Jiek 50. 1n
the particul ag,apRod i TREb-cdER Fiedohdrbldd, tre b b@glé&ltﬂ'g)ol?tgﬁ al gicl udes a
body menber or a first housing conpartnment 310 and a renovabl e cover or
second housi ngactberpae thataxtendddovd the popetiar F/d4ngenent s, the first housing
conpartnent 310 is affixed to an object, such as a truck. The second

housi ng conpart nment 31516 depictsanmsabicyiormbeiaw ditk dactichihae frime sdnstnetisn ng
conpartment 3 by a. l hin vice 320. . Preferably, the | atchi ng device
320" el udes HOSRFER ot it CnbcRamaiecdnn 7 Sk Msaemng! s ave o
variety of crg&s13€ays Rk b @NEddiy ®b! flisefeiréll driBpddidnts, 6t FihedFR@M MENt
illustrated, the first  and second housing conpartnents 310, 315 are

circul ar. | n spmdaideahitfe tnvillpegyidetastippartag badkingtto Hisised! mpner 29spelr t ment 310
has an outl et r.eqi : l.et reqion i i Il ow t he
o e e e bfeil:?rﬁ‘é*?Héatggeé‘r%ﬁ3g%‘d§6§’§8?1?°§eg‘psﬁ§ee%§?moa@é‘raﬁ?, t he
second housi ngppptimasirfieasdf tad fouksiag obduct. Waén thi gyperof 3@btructioe is used ther egi on
335 is designed to 3“0 the fluid to flowinto the filter assenbly 300
during ust) " IRFOISFIORdYS F! ROMOPHRROPT BRRDCiPRIRRR S PYe 1o TR YE LA i n-1i ne
housing. As sjiChne §£%&§b&9§d%eﬁ?&b@%§ﬁ c@f & difhbehn 886 AMeI8PoARE
coaxially aligned, to permt air to flowthrough the inlet region 335 and
f1 ow t hr ough lopiestyigiurech82y ardheoprteB80sidean] 86 1oé the dgpp stiiqtaretl BOnWhath¢ngagiegy be seen

ecs tit agaelierbFliaDRB el b BUELEIRD e SANGIMEN ol B AREADGLT 10 D€
enbodi ment i nbeBhkehltis préectioh @74 amianob i theliber iaéerted @ ithinlthelboadh el Wit h t he
attached franme 205 and conpressi bl e seal menber 250 is inserted into the

first housl nghe BiRaH ARG e! mamker 26¢ sigpmserbrs bo bylapmember Thisi nto the
first housi nGy&aRaTRI sdl Qet G hnki ABding BE oGRIPHESSI M EERR mepRiPer 250 i's
conpressed between and against the tip portion WO 00/50149 14

PCT/ US00/ 0455ahd2ig3ntsfion sifts 176 afithe pOfectomd! #it@mdshdewastiuc@ol 83). the first

housi ng conmpartnment 310, to formradial seal 172 therebetween. During use
of the arrangenent depilbe sw! inpmbdr G50 éan aAfsoengddgeile egetiermrtidnd 8hofithe ng
assenbly 300 at the in]et i.on 335.0f the second housing.c artnment 315,
T the. di rect PORNBRBNLS, Wit BTnd?pr fingristel BEShs Belfiesn ST FRL
construct2®n diRklmsdbe iRrdjtdibsl 1 PASE8Soptshi@bigN 81 Relubiink 1Y sefl @RBiberBlHi on 100,
contam nants are renoved fromthe fluid. The fluid exits the housing

assenbl y 300 @tfornhascal hefvesen prdpaeainstalipoutsr side Rz8 ofitheprpieetipndf/4 sudan The

conpr essi bl e sgalo, mRIBEH i@for ille sealing system 60 forns radial seal 172
to prevent cont am nat ed ?ﬁﬁgﬁl%fofom'exi ting 10 the housi ng assenbly 300,

W thout first passing t f i i FlGS. 17 and
18 It shoul d be appr ecilgééeﬁgglﬁﬁ%i%@%%%#%% hefét?,’l%%%eﬁﬁéﬁﬂ%éég(g%n ggegg%ji tional
separ at or s f ocoven dothiofithetidtaior tide 1 & eptetiatstled 8¢ bLihe tlop kirhdhee 18%y Ins
conducted,_The 15 separatqrs can be either upstreamof the filter pack 50
or downst #2a SParf‘ﬂggfem%f"gf“eﬁta? ‘I’(W'S@,F?hegékﬁcfﬁﬁ&“ﬂﬁﬁg}ﬁfé‘giﬁéﬁhﬁ U

appl i cation apgh JriR lgedtioR @74 KWL Such HIEHE sAERANBE256 cHRR thASjebda form of
pre-cl eaners in sone enbodi nents, or post-cleaners (such as safety filters

or secondary 74 fram 8y exteroraiddil 8¢, omer therpnd ¢ip d 8p anditodhe ingraipr $ide 184 t he f or m of
single or multiple layers of filtering nedia, |ocated either upstream or
Attention is directed to FIGS. 4, 5 and 6. FIG. 4 is a schematic, plan

view of the sealing system 60 of FIG. 1; FIG. 5 is a fragmented, schematic, cross—
30  sectional view of the filter pack 50 of FIG. 1 installed in housing 305; and FIG. 6 is a



20 downstream of the filter construction 100. The filter nmedia used in
these applications will typically be sel ected based upon the degree of
filtering desired and the amount of restriction introduced by the filter
medi a. For xapkhd it may be that in certain applicationgeriboeolessssiesi red
to filter out large particles (that is,l0debris such as |eaves, butterflies,
cl unps of di rschenwic] @odshtectiahatvie of th filameroristruatitdh YH0@fiie seadsipgrsystémon. 25 I n
this appli cat(i’%)or}, (? ayer of nedia such as a sieve or screen can be used
upstream of t 113[1 ter construction 100. It may al so be desired to

i ntroduce an additi ona& pgvhgx(unpé%&g_hé %ﬁ&%*tbpgm%ﬂ gsqm)ﬁgf the filter

construction 100. This ¢ € acco ayer tiple layers)
of nedi a i Mmedtsatbed ;zerdmvxmtfmeanmmfructtm 1179 Mile mchide 8 fiame 20 dnThe0@ame3 0

Attention § S fHSrIﬁagftb%% \Iagetg b %lflaévﬁ i ﬁe J\#‘C{’M H‘ﬁtﬁd%&ﬁ 11&%}r@tlec§rﬁxrlﬂgt 4Vve

enbodi ment” of the filter ener I’t er pack
50' is confi che é@paﬂﬂh@&mc 2%@@@6&%{@9@&@Iveafmtet?@Sfdbm@ted ingdeik4 50,

i1lustrated '&n%n%m&lmwlma&ag hhaﬂe@fmma%h&'eﬁas u{e savgnﬁasa 10~, that
corresponds to an upstream or end 106". FIG 17 illustrates an end
el evat i onal vﬁa@w\ﬂ@foffh@é'ﬂ'rerFqnewoaaelko%o VO 001 50149 15 PCT/ US00/ 04557

view ng the upstreamend 106'. In the partl cular filter 1Eack 50
illustrated in FIG 17Referineaim tpElGids in bs prgipwangygoggment depistetbithsy a | ayer

of media 07 frérﬁgz@qaaaa&ﬂdnguﬂtafra@peaahgnlﬁbsm‘af@ hdrglydasulst 4R hef ore the
gas stream reache the filte nstruction pen n the

application i g tion, the
Rtice Heameles Trelirabligie ik dﬁnree%%ap@wxg %}ezeﬂ@émﬂe

rregl a i%; Ca(fhti?& diim@encditheetliér afnst]grwd@x@ﬁ riozb ”TM)S?&M@ 1@@51&1@ rid€ 8 | ﬁns t he
medi a Wi e size w for the renpva S..suc as
buttar 111 es. PRI Sk farmiom boor 252 a ot gioot Bt 248 Wb 15

type of medi adapaahlgehpmaﬁs 1§ hreanged dndwoniiguedibto @ tepd raaianlpaertharsm@ﬁdtl es:

pol yest er t 09 t he fibers, bei about and 50% of the
fibers be}égg @ Eaf:é %ﬁ)gténl TS BUSIR ﬁmnhlt%o ?{ﬁge% é‘ﬁGhdl a'f"ﬁgla’i‘l ber s

t oget her bei r\gnbmdimméemcttahtherdapﬂmdmgmpdlsn bmeln@\r’&hala/ dramdshmcghﬁﬂa&f 6.6
oz/yd2 (224 es Ly of
about 3500 ft%?ngzll)m o?tlg}gfél‘ﬁ&?ai@ gg]tqg%tél? thedd] "i 23clrelxg ove it may
al so be desi rialst dstarge ohthe schondfigwe fae a0 ohhdﬁmnﬁmw@fl(lohéemmdgtaar
construction nple is illustrated in FIG 18. 15 FIG 18 is an
end el evati on%‘{ggelpégg}%n%gn alternative embodi ment of the filter pack 55, as

viewed fram the secondThl gumt Q@ﬁlslage@?rabl;rg&uite'dltéﬁl f?@?&n?tpuctlglhw A n FIG 18

is constructed anal ogously as the ter
exception of ﬁ\ﬁleé(dﬂ“tab’%ﬁ‘?a@?°%‘éﬁbaiﬁamé1201@@3 fiber gorsirugiamid0aesnaseble he f| | ter

construction é&gpmmur@ pRefiadd Mo | eécuawp@ﬂarﬁ@mﬁto@seem@e&ﬁfm&t%qd@ in the
particul ar enb ment 1l lustrated in Fl G the separator 111" is in

the form of aSPRy¥ OISR adhegivg Inqthe P%@‘a‘”‘tréﬂl H@J‘W’?gft‘k@%ﬁﬁdd‘l* Ihes el ter

construction ABesiveliberi¢asah taf oveRap Bgidd 255 aRediGh&idpafting HFESH i ehey
adj acent d ainst the fi Iter construction 100, or it may be | ocated

downst r ea 1lfqr gonspruchond@ls |y the one illustrated in FIG 18 t he medi a

112" is innedlately downst r of ,and a alns uction | 00.
That is, the 25 media ﬁ%ﬂaﬁg,%%wf%&e s yf‘%‘ée%'llhfi eggﬂ Pction 100
and t he cr ossfilr agesu@ion100 fvhilk preferaing tH2Fhiid fra'xheeakmeauoﬂudmﬂtm | 12"
utilized wll e edd gr ee f f| ri t he amount of
restriction t%‘%ﬁ B &glo ? Sggﬁtt&e qﬁﬁ'hﬁcrrrg’as Ctiofszocag?lu hr?gr %Oggﬂé | ayer or

mul tiple | ayeafls:rnatme ¢dnl®done1ts, tHe dsitre 208 thayy he FdnpoiBily ateehedaditlee fll2" 30

I ncl udes V‘%‘ﬁ?@ﬁtl&? B 1t§gteﬁrgis“ggrﬁ§§a¥ ek ﬂrrrf?ag{ at]ﬂ]ig’"ram% S0l e

mat eri al 1 ' oWi'ng aracteris 1 | ayer of
4.0-4.8 ozl ydnzm(oz%ﬁr_m th}/ﬁhey cquotiryctisn €90 Withert ddezggnirg el the éemtimgadfstfember s);
0.55-0.70" ( dds-Lf £l C&tgltrg&[bg%ofreestate (as neasured under 0.002 psi
conpr essi on) ; average

During use of frames 205 of the type depicted herein, inward forces

are exerted around the circumference of the frame 205. Cross braces 210 support the



di aneter about 21.0 mcron (mass wei ghted average) or about 16.3 m cron
(length WO 001 50149 16 PCT/ USO0/ 04557 wei ghted average); perneability
(mninmun) 500 ft/mn (152 mMmn.); free state solidity about 0.6-1.0%
typically abouosésd% 1t is contenplated that in certain aaplusemdsssons, it
will be desired to have a filter pack 50t that includes both an upstream
filter 10T anfthnee Hwiyttheterm Ssuppért.&it isimdant that thEeess trgces 3 1 Apresentithen i s
directed to K t her enbodi nent of
a filter packilregfi’éeoél(Q fﬂfngrﬁgla?:igﬁglt ?.ﬁ%‘%?gﬁpﬁ’ %tgseééée&#hée}t)?ﬁ}? Eer pack 450

i ncl udes fil t@mum¢%eﬂ%@e§ﬁmeéo%eal ing syst em 460 The filter media 455 is
10 designed to renove contam nants_froma fl ui ajr, passing
through the filter nedfgfems agardo §K36, ﬂ’@%’?@t"éﬁ?%@ﬁ“‘?‘k”&é@?‘@ﬁéd to seal

the filters ”Eﬁbﬁraﬁ?ﬁnélﬁde@ aliPLpditide 288, dilldﬁﬁularlsélalﬁlgrsh]%io& Pk ﬁfeQihé ﬂ@blcted
arrangenents, | ter dia 455 will be con | gure

construction ‘E':F(I) vl £l tp qu%k%?uwnf»‘aeé ciepar &H@I‘Séﬁﬁraﬁ%fﬂc?é‘pf%ndgﬁedsf@cond fl ow
face 472. AttigRdiéHinios tﬂiuﬁnﬁglbledhct owhédeirchfbr, thatip P&tioR263 defines andfii@di ment

illustrated in FIG 11, e filter construction. 470 fi d for

strai ght - t hr oigReFy: &ﬁtWW %%8%0“%@3 aé‘?ﬁ}eé{eﬁ I:R/:;ess1 %ﬁg?mgtéﬂgd to be

]EI | ter ed) Wi | | incloleara s}]dﬂ@SBJ rm% stédm;fraﬁ@esémanslﬂo@?]xeebétazwndtﬁe Ie@@k i on 477(
FIG 10 the secon in. the irectiaon 478 (FIG

10y 20 THE "t fistodie e fpordinate 25 G apte B8 Rurt St BB at i one

and cross-secpartimra6é3shapes. In the particul ar enbodiment illustrated in

FIG 11, the filter construction 470 has a non-circul ar cross-section. In
particular, the FIG | Whearbuodhuntedtccofdingte tliddrtaagerwmmamﬁnil:ﬂﬁs A£70 has an

crose- sect1 ondt & s bor o288 ECIC ApeR AR: colibres BRSEURIChber 250, 47
i ncludes fi rsThmmmmebhdeaémmrbﬂZﬁﬂlapreMy &hitruddbandairaegtdiybea pair of
straight peontphdentIombreldble &begc%pﬁcaéed HeRfeeh el B ot 4Ptk 10 W1 |

be a woun ructio e cons ctio ude a | ayer
of filter ned2@ andatsidewali 26thefch ho@npg et dicy Whenr sffacaerdly opmatessed batween

cent er poi nt . f r L ruction
will be a coi {hg nﬁﬁ%ﬁh 265k atﬁéeélgo aeﬂiﬁtn%glqp&gﬁan\t}mpﬁrﬁgde%F%etgggﬁ%er| es of
turns about aP*@EﬁQéFCb@Fﬁl@ewﬂl @urther preferred arrangenments, the filter
construction WO 00/ 50149 17 PCT/ US00/ 04557 470 will be a rolled
construction, typicall VA Yariery) of visw's pre ppssibledodeeiire the sead msibee239dp fHsabl e

fluted fibd ertippshion 248 0nhePaficBlaAR totWRNientQhd PRfdHeaGhay it RgmblitgtRdi a
construction 4 can he used. In some techni ques) a sjngle- faced filter

nmedi a, such a8l |embsri2oQio eugagescoron °5°Y°F1PE|§?tF‘§%eeH“‘irﬁa¢41@de270 pEtheERINd about
a cgnt er qﬁndﬁ@ﬁo@IGMBg{c 16hdr lidl ke DD @frtﬁytqslgorﬁ?ﬂtmfmmdwmg?g@a{d tt;{)r f
wi ndi n , e n rel renove e er o
the fi Igt er coﬁ@[(ﬁ:&étﬁa “ﬁ?‘tﬂ“c %fﬂﬁ@dm‘wfg}e&ﬁa@ ﬁﬂw%geﬁmlcﬁ FIG 11,

a center cor eTHbsbal iBerhbdr 050, irRFEY 7acongldaelp ¥ovigs thbep penioane®f the coil of
filter media 4S5. 10 In FIGS. 10 and 11, certain portions 475 are depicted
showi ng tB® flutes, i nchadippgrtioh@6dpthe fratle 0Hdtheemdsll of suppbroul d be

under st 00t nahyckl 5008 L e b SR ORI 10 1T LEPIERERLAN HE OF e entire

flow face 472" (as we I'rs e sake of
clarity and stomgressibiesealtramifel 25 sThercoemprssiciefi the e:dnprcsstb&ﬁese@ltm@nber emai ni ng
portions of t 0 b I as side
5" ol evat | onal oAty ddtop [ReBAt i RIL B Bl VMR ool Bndtf L 20,
arrangenent s desition presutes pEiqgragter tugpﬁ(blbedyplnalb'opegld:anqgthamdo benfeon! y

assi gned S. A I I bruary
26, 1999, kgnd )gaﬂrp@%b(ép% Iéi:{\)lé}{)g %gﬁgﬂteﬂ{) %2 gl%{léeog%?nﬁégn?%;/ds%agy e:rel n and
i ncor por at ed Pyt bydped. é?re@rabbethmatnhumtrvécemewqmmthedforrmr@lble seglhe filter
pack 450 incl yese®s80s £9akd kel YSEEH 4&9,-&1)1&ao%;at&vefraeq‘o@%e&ernu%a ons, the
seal ing system 460 i ncludes a frame da a seal nenb

variety of cofPicgly btwessdwapts apbihirbimdires Resceneridl rRmayREOfsamprestion ) 19
preferred enmbgdhirendpn ?&catlfaepﬁaamt@@aﬁdu%rabwenioﬂ oP e 304 elemtRr ¥90ew i n FI G
12, 25 In the particular arrangenent depicted in FIG 12, the franme 605 has
a non-circular, for exanple, obround and in particular, a racetrack shape
and is arranged and configured for attachnent to the second end 510 of the
filter media 455. In particular, the frame 605 has a band or skirt or
depending lip 651 that is generally racetrack shaped. The depending lip 65l
depends or extends down a 30 distance froma bottom surface 652 of cross
braces 610. The depending lip 651 is arranged and configured to extend
radi ally around the second end 570 of filter WO 00/50149 PCT/ US00/ 04557
18




construction 470. Refernng nowto FIG 10, in the enbodi ment depicted, the
depending lip 651 of the frame 605 extends radially around the second end
510 of the filter construction 470, such that the depending |ip 651 extends
i nboard thewdpkadse frombottom surface 652 of cross bragesnRddhssd t he
second end 510 of the 5 filter constructdon 470, defining an overlap region
555 (FI G 15) radiblig tdwaadrtre 6P portian 2633assae;meatﬁge of thheutbnﬂtdselvommm;ﬁthmctl on 470
in a nunber o . . i \e S ing the
frame 60S to %eﬁiéi%%{'l’sl?qtrg? gggﬁrg%dn J“XH%Q%" Qﬁ‘ffﬁtéél%%ed ?"tg d%&%rerm fic
enbodi ment i | bubgkriatogdr fomcksFl G 15 t he adhe5| ve is placed in the overl ap
regi on 555 between the frame 605 and 10 the filter construction 470 as
previ ously descri bed he¥tiention iDdirgateyl tadG.of. KilRe” &ranahlpeged sehenddipi ct ed,

| nwar d f or gesg Qg&n@a%é&&ﬁamﬁrt&?ﬁ&h@w cHENSH lgtnhtt%ntptégea 605. I nward
forces exerteo\- agai nst the 'sem ci ar en can cause the

strai ght segnifiesiigigprefred embedipershoyemn dhe %@#m@@hﬂf85@§aﬁie@9?‘b@@ﬁsas part of
the frame 605sd.Qol EHEBLralioiietRhSHY out IR UWiemibas (d@naddwhéPm bow ng.
While a variety of structures_are contenplated herein, in the particular
embodi ment i | Fitcstanfesa figst ppdR04 10 a seqopd endgosetochiere desiable tsglivted to provi de

structural i glegnel spaticaidid Writhd RofilRQf flepRiiler HFEHBBNES sOWdin FEG1A. As can
be seen in FIG 12, the particular cross, braces 610 depicted forma taruss

syst em 61 20 heig@efPllowe pBRlywrhgnesiorm mstariaklayimsn Rluslity of kpraferablyat ¢ yss

system 612 | n[%hé!@ﬁ&e)%rc%@csﬂlvél? @Jréér)éte@sf contighired & ihiekfaceOiith theki@EwsIBRdoy nol ded
as a single pi sg@lportlons of the frame 605. In certain

preferred con@&‘u@tai“éﬁ?v‘dteﬁéle“p‘f 5is construct ed anal ogously to the

frame 205. As such, and%lén refer nce now &E? % %} the frame 605
includes a tip portion G85°MPIEsSResR} ‘P&IB Arrad é'??éﬁtgéa 1nhA PSESHgr t i on 663
25 acts as aninmmldamesesadfi sntjaoemfmpnﬂérfacimg vtlthethe:mdmatmﬁol Spedifdqallgtird, t he

tip porti 6 r ectl onf e filter
construct ton_ S6Ramt MR RG PR SRR el PP B Bt 12, %l e
tip portion i 2661@61’1:|26&uTlmqrosp@cmdnab®meysmrrmmﬂthaxf ithesstepp @66, 267, 268 ef er r ed

i npl enentatio i r t icu e shown in
FIG 13, bet mg‘grﬁa%rqg‘etf?%ﬁ&ghr%tsgg%é 6%% dpﬁﬁ‘%‘ﬂg ke e“Serr'tg?% {‘3 651, the
frame 6D5 i nckanmsssiplesteamasiss ZiﬂteTl@tsatalleBBaqmtm theseaand mathiStallows area
bet ween the c h | abhgyhe smaller
cross-secti ong()?%gsyzﬁgmoﬁ n‘?‘hé\ﬁt‘?tﬁp%@{stnfgoﬁhgggé glﬁﬁ%}% @ngﬁtsyst%ns t he
conpressi Bl e gushtes pligkieseal6SO has structure anal ogous to the that of the
conpressi bl e seal nmenber 250 of FIG 7. WO 00150149 19 PCT1USQ0/ 04557
Preferably, the filter Ipgeneralsfor yproperlydupgiioning radiallyrsealing siructaie. thay ai r

cl eaner housi B&nprbé@xb@ﬁeﬁl%élnlﬁ& Qﬁ(ﬁﬁéeeﬂmfiié%inﬁ@'sdeeﬂﬁmn tHaRledleht S h@RARA housi ng
will be an in-| ousi 14 illustrates an air cleaner, 670 having

one type of |H“}“? hf@lswg&Q? ﬁ@d‘&tgn magy preferref Fonypyctions i 1srgmaEsicdt ed i s a

t wo- pi ed housb&gednubblidiftegn ferbent avEfortd pérc@ft doflenBEY tWEHP & thBt6threBhe cover
674 defin§an ai rfl.ow.i, 76 defines an_ airfl ow

| et 678.  The body menber
outl ot 6885 TRECHO RAGHAKaEIHBRS HERTHBEUN g BEV s dara SiPpsRGBHSM 679
upst ream of t e sfiil bt elie thatekin A5Gl frsmmhncaﬁlsthlm{onde&ﬁrelehﬁdt with fdrdes ofPat .  NosS.
2,887,177 and 4 I i ncor,por at reference herein. In the one
depi ct ed, t he 5% eEszig)n%or”ngsr?ré eqxr%teltablé?gpogm{sﬁr %% 2BOERF 385;29‘ e cover
674 10 i ncl udesurds.dust ej ector 681 t hat expels dust and debris collected in
the pre-cleaner 679. FIG 15 is a schematic cross-sectional view of the air
cl eaner 670 of FIG 14 lagenesiiohe filjertpaek 50 dande apaged 48Dcanfigurad ot
t her ewi t hi;p. N grta[gq etween the 15
si dewal | 220 yn}gs ;ﬁﬁg& Iﬁ?ﬁ%glrd QF% of %{lfﬁlgg?()é S &gg@ﬁﬁ%}g%hﬁ) filter pack
450 is press- Finbodimkg Smelpmerlﬁl bll@e eoagressrbleises! n@Htei 350cionpmersssedl bet ween
and agai nst t BewbLARE 80 l§ hH [ ingkl mbodi ment
shown, the tip porti 0?11 66% %an ! egf%sp' ?onﬁ?%%ﬁie%k% 22? %gexeresm on, the
conpressi bl e SEBPresHIRbEE C%ve@m segl membgr 280 expatis aderce pgainst thewd#wal}aeo as the
conpr essi bl e 3e@ks (HRENHreLBR dehlinfinteP2 PROY &Qmﬁ%wr@two {tOndfrd) nat ur al
state, formng a radial seal 685 wth the sidewall 660. E. Systens and
Met hods of Operation The filter constructions and arrangenents descri bed
herein are usabl e



in a variety of systenms. One particular t3~pe of systemis depicted
schematically in FIG 16 generally at 700. In FIG 16, equipnment 702, such
as a vehicle, having an 25 engine 703 with sone defined rated air flow
demand, forwexaspie at |east 500 cfm apd typically 700- 1pOB/USéwvoass?s shown
SChEITB.tI cally. The equi prent 702 may cofpri se a bus, an over- the hi ghway
truck, an off%%é@l’ﬂ)@&ﬂaélabseah”tzrbﬁﬁ’feﬁﬁ w%gamwhﬁepaﬁmorléé%% &uch as a
povverboat Thgssnaioag 703 powers the equi pnent 702, through use of an air
and fuel mxture. In FIG 16, air flowis shown drawn into the 30 engi ne
703 at an intBke rEgofand®-. An optional turbo 706 is shown in phantom as
optionally boosting the air intake into the engine 703. An air cleaner 710
hﬁvi ng a filter cons':]rmﬁehltli)km ﬂaﬂeo&lfddoalﬁemmdansﬂcﬁmtc Iﬂébebtﬁveupséream of
the engine 703 and the tu ener n _operati,on is drawn in
bt Carrow L4 VAP BT driee ROadB et s i BlEiroae i b ERgr b 712 and
secondary el egdted Mt3a ha'xlimgaos ofM&xE)E]éﬁﬁﬂ.m Zlﬂlelﬁeifdul\mlﬁﬂﬁﬁcﬁllpﬁﬁﬁl cles and
cont am nant s %a)r.rc{s trenifli romthe. air l;[ e cliegangd SF\ir g vvslgo stream at
erow 716 1 nt S ErbER PRy iRior e i GRE v fi fir o AR > engi ne
703 to power tdaéheein] thawmn "d02work: oChiant evilDirtch@n dirkReywkasehenpipé, | n certain
preferred app{ logagldolrcleanerehofu lrlter packs descri bed herein are renovabl e and
repl aceabl e f Y ORY ateve e in which they are installed. For exanple,
the filteg,pack 50, [ n alr cl eaner
housi ng chh as those sfi Arfe@d@%ﬁéﬂg@%geusw@k&vgjﬂ?}rlée@%é %lélk\%bl IHﬂ% a

certai n nunbepariduldrgmbgdipentdepictet e Fite @i ‘d%elhﬁusuftgé%llml@des@(bné)t me@bfirons Wil |
becone occl ud t i ncrease.
In preferred g‘% r?t';lg)ﬁ&g% Jrg}faﬁl%b{ IQ)ea!rn@géléc s‘;a\t/;'vllSé J)wtgtg?%)eec??(gﬁqﬁl Iy repl aced
to maintain tmmpmeotp}lpaﬂxesqnmmgewwp@pﬁmhpmwwnmﬁmamﬁllem wi t hout

introduci ng tg@yd tgrln%tule@t £&ﬁra£éﬁﬁdk0"rhe s&oﬁ@%s%%h@%h%%lsﬁshe filter
constructions herein w include a visual indicator of useful |ife. Sone

systenms mhy i EIONAAY secpied e the dirsh Roysing compartmen 316 by a dajhing deyics %t. on to

the user regapgidsbl}, i 1aRRHEBEVI@IR0LAIRIES @ phbAMOSS IRkdhestNs. fil ter pack. To
service the air cl eaner an~angenents descri bed herein, the user will need

accesls t he flh | ter pack. \ﬁﬁﬁﬂl@ﬁ@\ﬁﬁﬂg%aylﬂavé bearfew &ﬂrros@e&kudnal [ nstﬁl led in alnI
alr cl eaner ou n sSuc St e s the user w
unl atch the Zi‘ﬁ’)(’“zL \'}‘gpo‘fsr B‘ﬁﬁ???é“%‘%&ﬁmgﬂ%ém lu‘éﬁlfﬁtepet%%“ ?‘%eseﬁ‘ﬂ\%’i"“?’?%m t he
bodi megber ai:ckmlﬁnmhis 3e9,[3as Qﬁeaa?tcﬁl@@flhﬂ& mﬁhgbfmblﬁe&ethéd , tHRIRSMolbingy L ilter
pac an ea the ra Sea orneg e 11ter St t he
Dt 88 C gt B G e oo any o T bt iion S5 E Y& B bor and

t he housi ng oallcdumte finld tb floer cdhest the1 B lerisemblsha0 dukieg u&erslmlllahrly,need to exert

a force of no t han 0 25 I bs.
and in sone appf’ﬁ1 ui§18ﬁ§°r8%meélﬁ3ifg'a§%%l§rffgbosnbgto bFea‘férf%e &asgl al seal
and renove t hdesigned erallpacke fldil e fiew intovihelfilehasserphly B0 thairfgiusé.ein pack t hrough
t he opening f e T filt C en be

di sposed of . ?{e@%d?éns%rn&w%?qye h”g‘”"f{%%?s wan nqn ﬁr{ thgal{xan Ks HE?(’I tl‘uge
construct @l obutkeoregromtidl Iand:mimt%rqnal% aresqqehalﬂ)hzsltgnﬂd 9 Bermetauh th ylow

i nci ner at abl e SR e 30 filter
pack w || corrprll%él at {Eg}e mnggs per coevg{h?&ghéﬁdouﬁ?@géml{g% Hﬂqussa%&% per cent
nonnet al | i ¢ néirestipal Ehlsmbems@alanI@ %hew filter pack, the user grasps the
filter pack and inserts it throu%h an opening in the duct or housing. The
filter pack is insertedtedtigr pack 58 panpltgblyrropstrucied agdaranggdrigehe prags—
sufficiently epARIREMEdidaval T6dlof tiGohiREE0ANA WA ustrald BBbatASin

PCT/ US00/ 04557
FIG. 9, the second end 110 of the filter pack 50 with the attached frame 205 and

compressible seal member 250 is inserted into the first housing compartment 310.

The filter pack 50 is press—fit into the first housing compartment 310 such that the

compressiblc seal member 250 is compressed between and against the tip portion



21 wall of the housing to forma radial seal between and against the
housing wall and the tip portion of the frame. The cover may then be
oriented over the exposed end of the filter pack to close the opening. The
cover may tWemoRf4d atched to the body nenber. 5 G Exanpl ectoséfousssti on I'n
this section, exanples are provided of H set of operating specifications.
These are intmﬂdémedmﬂ%mbexdemwmmmﬁretlgousrhgabmpammnwkﬂ fes can be

used. 1. F ngth of the filter media 100 of FIG 2
will be bet vvegglm dllaig a?e-qs]ﬁ(tgé%&{m%%cm and 10 inches (about 25 cn), and in

one exanpl e would be amElﬁéhéé&}f%{e)’anéngéa&ﬂg&tp(chHhé% BB fujd fiRerO ST de

dianeter of the filter nedia ween I nches (about 38 cm and

| 5 i nches (abfsusingassemply 38R at the,indsh seeionaidg|oé theesand hevsgiRosiPriEert| v 10

i nches {abput3i35i,GAd dlréﬁoﬁrﬂﬁ“ﬂ'aﬁ@"%e(ﬂﬁlﬁasél & thhgidensnding | ip 25
of the frane 205 (FIG 5) extends inhoard of the second end 110 (FIG 5) of

the filter col¥: Asdhs BHd pessesthiopethibe flengopsiragtion | ¢{ RE¥AMBRBYAES mv) and 1

inch (about Zemotddfrord i fiuiy., mmme%%ﬂg g@elﬁb@w@ﬁh%o&t@bout 1.5 cm.
The di aneter of, the deglendl ng 251 will be between 3 inches (about 7 cm)

and 15 i nchestegigpdil: imge rchtwaﬁa ¥ ssonpressiblaprab mepher B ef Bspr oxi mat el y

%Ot inc he; ( ab@ulingystem)eo fIme rediaredlan? ef préat ddniniRdtéd Mid 2;631 ity be
etween

abou nd _14 i nches exanpl e
woul d be Hp prtgipﬂﬁf |55s<8 MO?P%E &bsaaam?aﬂmg% ﬂ‘rfhﬁ?f?r CP'e%wctéqne@ﬁm wi | |
provide at least 5 sq. ft and typlcally 20-130 sqgq. ft., for exanple about
45 sg. ft. of nedia surface area. It will occupy a volune of 25 no greater

t han about 1 £t 3, 8§ YRS |1y between 0.03-0.5 ft3, and for exanpl e about
0.2-0.4 ft3. 2. l;g@r‘l’gﬁ!e_glamster of the outlet region 330 (FIG 9) of

the first housing comafsiafbe 33l e HidrahEsERMERGT A Nes (about

8 cm and 10 inches 30 (a fe exanpl e wou e 7 inches
(about 18 cmseparh@rxfpa%wrerrg t(lmﬂ@ ap9§0PDﬁteldP8§e¢ <mﬂ fdteripg¢picondi®sy. Th¢ G 9) of

the secongs NoushaGrCAHBAERHEE Bhstrddm of fﬁle %m%)acwsé br &ﬁwﬁﬁéa‘f‘f?f’ﬂh@ﬁh&c hes (about

8 cnm and 10 |nches (about 25 cm, I'n‘one exanple wou 8 inches
(about 15 cnjpack SMeemdsamgnQrzpﬁ'@wl@}smhmssan@the#msdmulim e axi al

l'ength of theg E;h&tfoﬁ‘srcaﬁ@ikéftt{e%ﬁﬁ O pré 7 Qeatidrh In Qﬁwt@%\w&{hm% biolesiedRtout 8 cm

and 10 i nches (about 25 c d in _one exanple would be approximtely 6
i nches (about (s4& %ﬁyfetyfﬂsr%ﬁfcepﬁiaénf Hers)e A addition, thgse) sepgplors arks 18 5 radi us

of between 1 inBedim(EhRpile oznﬁmc;ﬂa 1a9é}@lof5ﬁ1teﬂﬁgﬁfed{aa#a@a4éd dithePistready | N One
exanpl e have radi us é&@?hﬂg’l nches r’rf The strai ght segnents

513, 514 %\QH Hapaeam p P%%W&?OWWQnTbe ﬁilt‘i’fﬁ’&%’éasus(ﬁ%btb?sez 5 mj, and in

one exanpl e, amplitdionewl @plbmm&%ercab@uasedzp@m ddgiRfcf fiabling debifd i st ance
that the fra 605 ex%ends i nboa ﬁ{}yt}\h? 10 fdélt r con tructi onh470 will
be between 0. 2¢EREHEST FEswsHien Bifpgucy e filiermedig, reﬁa’gp Erf) DALPRN one

exanpl e woul dinlvertéln Gpplicets, if Rldedited 1o Hlted Wt larkp @articlet Ghated, aamtsum dsl provide
oL 1 nst 2 SOenld, ARAPURH 88 iR bt b BN , T
| ft~, an@st yhitbalapplich@dnye dayeoflBed@ sBek astp sievedr fadpeenesnbpphed upstream

of the filter construction 100. It may also be desired to introduce an additional

amount of filtering just downstream of the filter construction 100. This can be

accomplished by a layer (or multiple layers) of media immediately downstream of

the filter construction 100.

30 Attention is directed to FIG 17. FIG. 17 illustrates an alternative
embodiment of the filter pack 50, shown generally at 50'. The filter pack 50'is
configured and constructed analogously as the filter pack 50, illustrated in FIG. 1,
with the exception of the first flow face 105", that corrcsponds to an upstream or an
inlet end 106", FIG. 17 illustrates an end elevational view of the filter pack 50",



15 about 0.2-0.4 ft3. H Exanple Materials In this section, exanples are
provided of usable materials. The particular choice far any given materi al
will vary, depending on the filtering application. In other words, the
particul ar waiersomb sel ected for the systems usabl e 20 hermmsm/b.{ssbe
deci ded upon by the system designer basdd on the system requi renents. A
variety of matvmwlrza the ypstregrosrd K66, InThFepﬂmeql@\ﬁltngp@ééQHBWU}ﬁeéWH]&s léxanpl es
of materials Heedhdf

a\é%tr d IQHQQ?J\@reBQ%%%)Ie PI} xﬁfdlg_ h]@7 E@QE g %Enl bed

conprise cellu ose e exanpl e usa sys
above is as f opitigles fromdhg gs sueanpladory the gan srdsn ﬂ’eéthe%)tkﬁerf@telz@ﬂptrwéﬁtl es: a

basi s wei ght gy, aﬁ%dﬁéu%th@&p%@ﬁm aka%e(o%ﬁreﬁ &hﬁ@bfﬁﬁﬁﬁo@a‘rﬁﬁpl e, 48-54
| bs. /3000 ft~; t hi ck for exanpl e about
0.010 in. foO. wtrm&pn thﬁr!azdléﬂ(ﬂpéarrﬁ@aﬁ.a|vmlgfy @f tyab?ouin @@ymw,ﬁmlwmwrﬁf

exanmpl e, abouthedRedid 107 Kill € slzeAhdThiDw foP Ble@embvaE o Pfar@@Ubicipas tReli&! Ons, for
exanpl e, about 62 mcrons; wet tensile stren%;h of at Ieast about 7 Ibs/| n,

for exanple, deasey, fageglympsf girgandcetheriypesiofideariss Ong ipeet mediagpadlahast he

nmachi ne of abew follSwidp cﬂaﬁ&oterfsﬁés &21 Ries:apste? Talil; 6@%9)1‘ khéatibersThe
cel l ul ose nedi a can bgst rea e fiper, for exa fibers having

a size (di ametbgingapqut F}?’E‘i‘ré‘ﬁ 5%4’ Q?sf%e%?r?amigr?b%‘ﬁﬁéiepﬁé %WE’@B‘ theybmi cron. A
WO 001 50149 23%ifdel NG00 M%er\(&gretlﬁi dei oilREiB@ASUBEHA ndiflel IPVICZ @Badior

application of t to,th di a.. So uch approac e
characterizedW %?\‘ {a‘ig ‘é (%‘hg/{ﬂ )‘Saw’éﬁt(’fiﬁ‘b%‘g@ 3% e%&lpﬁ’ﬁﬁl{eagg‘ ‘gl{ l i nes
48-60. More saemtﬁsa(aﬁﬁnymasa.&im HeO hadRtiati.e descri bed in U S. Patent Nos.

3,878,014; 3,676, 242; 3,841,953; and 3,849, 241, incorporated herein by
reference. An alternati%edéssriedtabobeit ey ratso baﬁmmhkeho omepudeSepegatnf | ne

pol yneric fibey [ Vi c ent i onal ne under
trade secret gijmqpeaﬁl th)ﬁr? fﬁ%?go ﬁcnoﬁgp(ytﬁ}’e %i‘am 5 nat ugﬁat%{]f%&bvg Wth
respect tdst hél@om‘lsgmcratdlwasormi viewef fm hitenatigk em’emmrnamd)ﬂtﬂudiltcppac.ktl on of

t he sealing syst i [ " f . fine
fibers are ma g,%ml#eﬂaﬁog?{ﬁ %?F&gﬁ{;&’ fgc%d% ml%ﬁéle&%ggg hgwggx\?fé]efﬁe fine
fi bers. Enoughs ¢anfeudtddtwalomlymsl&® fipppackFOWEFIG. 1t hath tiesaxicentiog ofredi a
construction g%?g foh i y of

99. 5% aver ageVém&lug‘i%;I |an IVI Qé@t%n%&wgﬁbee%ﬁtcg%s?ggﬁog?ggr n@%t 0 SAF
J726C, usi ng SJAEetwﬁembndsmentmrdcmewgtﬁélm thefppitichlanerybasiimerg 11939@3 Br age,
acoor 9119 400 46, {40 oot 1101 HIRorA0 LIE) Lot Bkt L iBEagonSt Ut ed of 2

mat eri al rov de structural Integrit iS not subj ect to
cr eep. The fradﬁtmwammflthe @@re@ﬁqu{mﬂ@@ e layqai@ﬁmﬁélpdlli C@nha@éheiral such

that it is e”‘ﬂn&%ﬂi%'fsl é&ijéc)!ntfaﬁéla W thh@'i’iq’texeéoBEIﬁfan@W@ 'ofﬁi%lxx{%.y% 1&:@@8" ly
i nci neratabl e. The frang 205 constructed from nost pl asti cs, for

exanpl e, gl as<loPestERBY L e fmna-‘s?c% Ind%c’%slawétefien KiGor & he meélgtlll% s 20

propyl ene or n&h&alategdmgﬁ&smomxha%alﬁéﬂmearme@cmﬁ@&ioahao nwattsethused The
conpr essi bI e seal ne can be made frog1 a vari et

mat eri al s.25Thdpedia EIanSIB‘%i‘f‘qd%ﬂ’feﬁP the gﬁeé?‘éﬁ%‘gtlobﬂ%?@é P18 0 r?"ﬁ’%xgbal nmenber
250 forns a s&ahhdﬁhnwm)sproper | ocati on under corrpre55| on. One usabl e

material wll beasoft meric er | f oape t hane. One
exanpl e 25 usabl e materi \éﬁﬁﬁrrﬂﬁﬁéﬁ%gﬁﬁﬁdﬁ’ﬂ”g‘ Ha%thengéré 888e to an
end prgduc; hait‘lﬁrrtgmag“‘andaﬁe aimdued redgdivnttlyat Of infreducéd €ThetriediavEl2t yari by pounds
per cubic foot.

si ng'lze 1ayer or multiple layers. In the one illustrated in FIG 18, the media 112"

30  includes nonwoven, nonpleated, fibrous depth media 113". One usable material for
depth media 113" has the following characteristics. 1 layer of 4.0~4.8 oﬂyd2 (136—
163 g/mz) polyester fiber depth media (mixed fibers); 0.55—0.70" (14—18 mm)
thickness freestate (as measured under 0.002 psi compression); average fiber

diameter about 21.0 micron (mass weighted average) or about 16.3 micron (length



pol yur et hanes are available froma variety of sources, such as BASF
Corporation of Wandotte, Mchigan. One exanple of a foarred pol yur et hane
conprises a material nmade with 135453R resin and |13050U i socyanate, which
is sold exclyssb¥fiky to the 30 assignee Donal dson by BASF @et@Qéolssdn. The
materi al s should be mxed in a mx ratit® of 100 parts 135453 resin to 36.2
parts | 3050U waglaydnatage); pyrmashiGiytQnnithhm) S@eftindin €1 5@marmiit.y, fek statee resin i s

1.04 (8.7 poun | | on)) f.or, the i yanate it is 1.20 (10
pounds/ gal | on ﬂﬁ"ﬁﬁ% O“t(?érl (Ze{"‘sy%l‘c%uytabom /Icy m xed with a high dynam c shear

m xer. The component C&Qéngp%‘hﬁmﬁ’ H»’?a%@ér;% fﬂm% LAMRGLatddgs shoul d be
seventy to ninety- flve egree ren t enperatures shoul d be
115- 135 degr elewe Féifterpable f9 thatTineludesdoth amupsirdan ﬁlt@&ﬁ%@ﬂi mdewastrearh ol | owi ng
descri pti aq: @‘,ﬁ\{ﬂ..age nol ecul ar wei ght51) Base pol yet her polyol =

500- 15, 0002) ol's 60- 10, 0003) Triols 500- 15, 000( b) Aver age
functionalityd) taghak gygsem= 1.5-3. 210(c) Hydr oxyl nunber 1) tot aI systens
= 100- 300( d) Cat al ystsI) am ne A|r Products 0.1-3.0 PPI-12) tin = Wtco
0.01-0.5 PPHlS(e) Sur f agti@pticnliy dﬁ&&@ltosx@tl@mmqmszp&sﬁawefvie%fer1 ) total
system = 0.03-3.0 PPH(g}Pi gnents/dyes201) total system = 1-5% carbon

bi ack( h) Bl ow #gthstphodimeyt af ailgop 65(1jnmﬂqqéstws@w@pw@éd%ﬁ%ﬁrea@escr i ption

500- 800 c) Dondi Ly oy ARG vl 55 2 dec byt K ARARCRIASER] B 2 s

Hg( e) Vapot0 pr ésiguedto rerfhve 0QRarhigaat fréh @fhjdAppk as anpessmgctlubughl thesfilter
I i qui d30(g) FI as% gjnsk ins closed = 200C _.The above is a
conpl et e desclfti fgslnn%‘?g PaEr Yﬂ“e‘gb ‘?eflﬁ'éedltﬁ\?"é‘m gﬁer‘ﬂféir‘ﬁ/45éﬁ%6dl ments can
be made accorgiwgde bPdat. i nci pl es of this disclosure. WO 00/ 50149 25
PCT/ US00/ 04557 CL%\I M5: 1. Afilter elenment arrangenent conprising: (a)

nedi a having first and$e6@RbrefRRASILmeRERs filtkr hleiRlss Wayed ace at said
first end, and a second flow face at said second end; (b) a sealing system

incl uding a fecufeuredingfilisreanaimctierid ) vathed finsiefivefeee 471)and ai eppogitere
constructign e n | | I sai d
first andhgec%)eg@df%ﬂ)g\?vﬁ ?egégé?'s?‘hgél%?%%%gg%@;ﬁlbnglanékﬂ &X 1%1%%%@3% ed by said
ext ensi on of BiaktthtddniaRKS. QOnBetﬁlwebéx@mucuaﬂdm]Jsbm)ﬁgatedlfﬁa&hlgm-tmngh on of said
seal nmenber projecting radially fromsaid extension of said frapme

const ruct i on. 1oW. This peasess explaifedabovs: thaniaddofe fﬂ‘@’f‘Fﬁﬁ‘f‘gF‘i‘f@”hT%‘)“%l a having
first and SeCﬁ@Q471QH99§’:a§r?dlre€t%$1-77Qﬁb J%E@Eixﬁﬁe S¥siemov a6l #8iiRgea frame
construction and a seal nenbe sald frane construction including an
ext ensi on pr opastdimegioaxi’ & (HIG. HDom one of said first and second ends; (ii)

sai d seal nenber being supported by said extension of said franme
construct2@n; (iii) at The&¥er canstmetianrig0 parhevonvaietyseficdnfigizdtionsander

R e T o E

seal i ng SUI'fa&ﬂlst@tfct161ﬂ4'ﬂlh’as€h&ﬁﬂﬁ:ﬁﬂar&ﬁssdsea;ﬁﬂl NGl it FIgeing free of nedia
radial |y adjacent thereto. 3. Afilter element arrangement according to any
one of cl ai msembogitaend offhe filksrgonstrugtion 47Qhas,en eprs7usA ok FATHTALE §1085 | ng
construction Eaﬁadagsmﬁsb.% Sdcelr A %Bsssswtﬂ‘oﬁzﬁ%hap@,' i is ¥kt AR i i3, OF sai d seal
menber being oriented agdi nst sai

25  construction 470 includes first and second semicircular ends 511, 512 joined by a pair

of straight segments 513, 514.

In general, the filter construction 470 will be a wound construction.
That is, the construction 470 will include a layer of filter media that is turned
completely or repeatedly about a centerpoint. In certain preferred arrangements, the
30  wound construction will be a coil, in that a layer of filter media will be rolled a series

of turns about a centerpoint. In further preferred arrangements, the filter construction



outer radial surface. WO 00l 50149 26 PCTI US00/ 04557 4. A filter el enent
arrangenent according to claim3 wherein: (a) said ring construction has an
i nner radial surface on a side opposite to said outer radial surface, and
an end tip;wpiop/sead d seal nmenber being i ented agai nst owCaUSIEEsH|
surface, said end tip, and said inner radial_ surfage. 5. Afilter el enent
arrangenent atOdrHPHgralisd 5?Wwﬂﬁﬁ‘énﬁyplﬁqllé{iaﬁ%l?@"ﬁ?‘fﬂmﬁ‘%ﬁﬁf@’i?é‘iaWPIe( a) said ring
construction &?&%ﬁﬂ%ﬁem{e}ﬁ@&iﬁr; (i) said nedia being within said
perimeter of said ring construction. 6. Afilter elenent arrangenent
according to claim 2 wWhgreisi | I8l j face at
said first end, and a secgggfef%%a%?g%agﬁggg?dﬁgéiégﬁgc%‘r?g-l;l&%hé%%%W sai d

ext ensi on pr opestd [axomt leghriquemacinglecheed dilter rhédiz sudhrad tteddenoedib 822 f aces. 7.
Afilter elenent arra nt acecording to any.one of clains 1 gnd 6
wherein (%) WiktptdinPR donyepatbont sitnieom e 8 o et dtuAvidt « sai o
flutes havi Nngmaurdting Ser®BickoPRMbInG N TRE cAGEMENdr&l nSedi vl rérhévell of QY6 piage and a
second end portion adjacent to said second flow face; (i)_ selected ones of
said flutes bépeptesgéiie fltereanyruetionst70ethppartiqudss eahedigerisbermin BGi d second
end portion; f i t I [d first
end portion agf(;%%g%%g{ﬁgg%gﬁ%ggtg% (gglclﬁy#pn%rt ’“Ts‘i?ﬁa gﬂh%(glls t%@%?@nent
arrangement a¢3Sording to any one of clains |, 2, 6, and 7 wherein: (a) said
medi a i ncl udes an outer periphery; and (b) said franme construction includes
a lip menber circunscrilbFIGE. a0endHC teraih dofricsadTh obti@icigshbphgnhe (i) said
extension of said frame construction prg{tecti ng fromsaid |ip nenber. WO

50! 50140 2 L PeenissbAT Lo A ot eite. ok S SRR DA BEOPBP g {0 Ay

one of cl ai MBgeliion2s78Mefre@niid Gitkk enfif) oAtk £5URNSUOR RO NERce2 T Ng
construction having an outer radial surface, an opposite inner radial

surface, and 4H)eha the seke of clarity and simplicity, the flutes are not depicted in the other

remaining portions of the flow face 472. Top and bottom plan views, as well as side
15  elevational views of the filter pack 450 usable in the systems and arrangements

described herein are depicted in copending and commonly assigned U.S. Patent

Application Serial No. 29/101,193, filed February 26, 1999, and entitled, "Filter

Element Having Sealing System," herein and incorporated by reference.

As with the embodiment of FIG. 1, the filter pack 450 includes a
20  sealing system 460. In preferred constructions, the sealing system 460 includes a

frame 605 and a seal member 650.

While a variety of configurations are contemplated herein, one
particularly preferred embodiment of the frame 605 is shown in perspective view in

FIG. 12.

25 In the particular arrangement depicted in FIG. 12, the frame 605 has a
non—circular, for example, obround and in particular, a racetrack shape and is
arranged and configured for attachment to the second end 510 of the filter media
455. In particular, the frame 605 has a band or skirt or depending lip 651 that is
generally racetrack shaped. The depending lip 651 depends or extends down a

30 distance from a bottom surface 652 of cross braces 610. The depending lip 651 is

arranged and configured to extend radially around the second end 570 of filter



(b) said seal nenber being oriented against said outer radial surface, said
end tip, and said inner radial surface. 10. A filter el enent arrangenent
according to claim9 wherein: (a) said seal nenber defines a
Cross- sectlwoa,b/smqul guration of steps increasing from saipdreséhdissp of said
extension toward said |ip menber. 11. Al§ilter element arrangenent
accordi ng to ecomytrestien 470. Reférring BowtdF1G0 1 Ovir theiembodimjentdapittedethiea and sai d
frame construghl a&%yesxaof%aﬁ HosthRad A6 ﬁ% Bundehe sohd L1 0@k eENt

C to claim

arrangenent a (s) has a
di amet er | ar gée ﬁt!thraﬂﬁmﬁﬂml@mﬂoewcbﬂhaéﬁ}edlepqndglgd@rﬁsﬁtl reierdsgpboardthe A i |t er

el ement arr an@i@tﬁ?@fr@%@ﬁ&{oﬂi Ral 621 R8s Bl 8 bIMBie decord &k 18 oEhewher ei n:

(a) said nedia and said frane construction have a cross-section including a
pai r of cuf velilterersiueonddOpdefiningan ovestapgegion M Fegments. 14. A filter
el ement arrangenent according to any one of clainms 1-13 wherein: (a) said

frame construction i ncllba&emeS8? ean b seersesiethefdfies copstugiionddlinas. A filter

el enment ar r anggAmA b K0 The Partit@adYor9B8e fwa i dbyecdringAhdRaheb05 to( 2) said
seal nenber cg‘en%lrllses coggrh SSI bl e pol yurethane foam 16, A fi|ter el enent

arrangenent a 1§ SogstUsta G UyerdBesiver AR His spect SAPRAGE G 1 Hugyatedang seal
menber conpri BE% IBQhé'htﬂﬁI‘»lb@-ﬁ placepin homieflgp RRioas siBEtdReh e famt Y0oindno nore

than 22 | WO 001.50 2 00/ 04 57 17. An engine air flow
system i ngq?udft}ﬁ@hér ‘f"i“th‘@PO’éf}ﬁ)r?é eV&P’F&%@Wﬁ‘% 4¥Bording to claim 1 operably
installed therein; the[§ ter

din havi ng
first and second opposi i Wefjtgcigrsang%m%ng (?e S%Vtadfblfcﬁ%%uafeﬁ{éga frame
constructi on amdndths eisdumferatcerof theffmnferﬁ@ﬁelrmmm&fdrmbxmdmgmhsmﬂieng an
extension pro iakhl from n f e fir n w f aces;
and the seal %ree 1rcufa%g$‘&r%gﬁg,u§ﬁ2cal% Q%t;%/e?tﬁa'é}gx nﬁcsn?sosr%g $l4§§%8¥/%rf)en9
const r uct i on; Strhmure igiroeded as phit ofithe freine 160 T Grgyevest the str{ight segmantsfilde havi ng a

rated airfl ow.ofodbol RS witRY Y BCARA e LRSS () vher ei n

ran ement n -ai conmuni cat i on
with said airpiricdkembpdiment lllvﬁ@tm@IFIﬁ Bél cngsscbwss ¢ WWoreprozided tor r anged f or

air to flow i nﬁﬁq{ i e L.air to
exit said ned }091 §§{(§% aﬁ%@gg% ft"% lr51gﬂt st%rgwtt; 3aS]rﬁ {agg%al f ormed
by said seal ﬁf’@nﬁbﬂ% 2atbePRragear Srpas brg‘teSéé@ dem&@tbf@sm@rtruawstam &Rr cl eaner.

18. An engi nep@iykerf th@&‘bp%!n% @t%grn@églﬁ%&%l@ §1iql tTGE u%!;s%%@ﬁa 638 (rRNAeIE Nt
according to claim2 opera %él nst al erein; ilter el enent

arrangenerf i ARYAlS; ‘?fdl%ﬁﬂlés vPrﬁ@ralbin@?]d%@f as*“é‘%ﬂé‘?ﬁecedﬁﬁb@le feainipgis; a

seal i ng syst epynib&d dfdiheande §dsame construction and a seal nenber; the frame
construction including an extension projecting axially fromone of the

first and second ends; Ih hmﬁ@@kfef@@b&fstrmoﬁg tieURRe 608ds mﬁsﬁuliwedext ensi on of
e o et OB B30 AP oo R SR e R, 28R
seal i ng porti éGamé603vinomdes sirpportidhest3r &l prefohlod yrrznfgemsxﬁ@l theegiep mﬁon%Gseal i ng
Sura0e, Obsan e S ERAIRL S AP O PR o Sl OhE o0 ' 1Y
havi ng a rat etasthe sdnemnosstseetionhiomafigibstibneds mheefilttr asnsaudtion V@ ki thy st em  (b)
wherein the n%gmgular cmsoodlqnen]t llb%rate%l mtua{hre %p%grq%gtis r'uo%circr{llaar" rilow

specifically, racetrack shaped. In preferred implementations, and in reference to the

particular embodiment shown in FIG. 13, between the tip portions 663 and the

30  depending lip 651, the frame 605 includes a step 653. The step 653 provides a
transition area between the cross—sectional width of the depending lip 651 and the

smaller cross—sectional width of the tip portion 663.

In preferred systems, the compressible seal member 650 has structure

analogous to the that of the compressible seal member 250 of FIG. 7.



comuni cation with said air intake system and (c) a radial seal fornmed by
sai d ‘sealing portion between and agai nst said extension and an air cl eaner
with no nmedia being radially adjacent to the sealing portion. WO 001 50149
2~ PCTNSO00/ @éab501d®. A system according to any one of cl airosusovmssd 18
wherein: (a) said air cleaner includes Yh internal annul ar seal i ng surface,;
and (b) said seal menb&refirablyithefiltes orskySd will bednstplled il 4 dugt enanfaice: sai d
radial seal hglhg ﬁoqglﬂgdm%aﬁlgmfa%alaanm%mﬁafh@ aﬁ%&l&nmm PAtbgesn and
agai nst said sealing surface and sai d extension of said rane constn~cti on.
20. A syst emifcknsihgnsine t B 1 4illestraes gaarirelganer 6P haging ongypeohigsling r st and

second 0pp05|ﬁo%51fx%, 8ve. flaces; 145@iecﬂloﬁg1ﬁgsaepicltéawbaap@—ﬂp&engusﬂg ifaudng br st end,
and said second fJow face being at said secon said nedia including a

plurality ‘of VR4 an%agﬁdwe@%qréﬁ | Iﬁeecgvnﬁﬂﬁ@ﬁ%ﬁs ap gutlowidetifdpt Thn

adj acent to Sgjdd nfehfb'éi 676 RfinésamQuraoe o@tl@lmstﬁ@l@dﬁs PeMikRPiRkAiderept-t 0 sai d
second fl ow face sel eé% ed ones of said flutes being open 8t sai d

upst r eam port‘i?ﬁ‘ieraﬂﬁ'@“%qnﬂfé‘é Rpseeamyeidbihisr pacntPoruch a7 thatdrgeriisf et ed ones
of said flutes. sbpatngos;lzcsseqiraandsmad 909 ShEREIBObY teBitertd UeRRL n &fe ohdi d
downst ream p A]ﬁ?néSt em accor %ng t.o cl ai % V\/nere (a) said
frane constr hgpgﬂeﬁ fagapeemeny Ohd iia theforerddita E“n‘EOVFb $ai d second
fl ow facero (Il)lclﬁd?dsd duxttefittr 681 andxPEls dilg adKdcdrik Yolldemis e preeram f 1 ow

face. 22. A se%tem according to claim 17 wherein: (a) said nedia conprises
a plurality of""flutes; each of said flutes having an upstream portion

adj acent to said f' rSt FM}OIVg 1£ (s:c%cmgtd aros%gs\,lgéts?r} af Fialid? I:c};ela(i)rnclean n% to said
second fl ow face; ecte ones of sal A vEe op en sai d

upstream portlflénlaandi shbwggdhefiltes pack 450 umslied drergyathin. on and sel ect ed ones
of said flutes being cl osed at said upstream portion and open at said
downst ream porti on. Wi oonpessibde Ral ITINSO00 6458 Preg:d bavepsthem accor di ng

to any ongs of &l ®so Ida %@ nﬁ@@ftf‘oh B63 bfthe Rahd 6!(333 %é”‘th% @iﬁ}ﬂﬁ@m 1sOUt er

periphery; and (b) said onstructron in es a li
ci rcumscri bi n@eﬁn , iecampepstible sepl BewberdSO peganpriesssd bef\ive)engad elgaenst@nm on of

sai d frame cofghd Wt(bﬁé&fi%l%l Gfthb gﬁnéﬁlé’rr&rﬁﬁliﬁnént &o%”ﬁ@h péftionB6HY St €m

according to any one cl ai s wherein: (a) said exten5|on i ncl udes
an end tip; o dhﬁ%¢C@Uﬁﬁﬁcéﬂera€namsﬂﬁm%ﬁ%¢qn@r¢5ﬁ lersealymemzhes 65Gergr b) sai d

S eal nmember iNfhdéd@sing thd idiwal @66 hOMe BEhPEssHId &AL REMBGRISHBles expand

20 outwardly to its natural state, forming a radial seal 685 with the sidewall 660.

E. Systems and Methods of Operation

The filter constructions and arrangements described herein are usable
in a variety of systems. One particular type of system is depicted schematically in
FIG. 16 generally at 700. In FIG. 16, equipment 702, such as a vehicle, having an
25  engine 703 with some defined rated air flow demand, for example at least 500 cfm,
and typically 700—-1200 cfm is shown schematically. The equipment 702 may
comprise a bus, an over—the—highway truck, an off-road vehicle, a tractor, or marine
application such as a powerboat. The engine 703 powers the equipment 702,
through use of an air and fuel mixture. In FIG. 16, air flow is shown drawn into the
30  engine 703 at an intake region 705. An optional turbo 706 is shown in phantom, as
optionally boosting the air intake into the engine 703. An air cleaner 710 having a
filter construction 712 and a secondary element 713 is upstream of the engine 703
and the turbo 706. In general, in operation, air is drawn in at arrow 714 into the air

cleaner 710 and through a primary element 712 and secondary element 713. There,



| east said outer surface of said extension. 25. A system according to claim
24 wherein: (a) said seal nenber includes a second portion oriented agai nst
said end tip; and a third portion oriented against said inner surface. 26.
A system ac oq;sag to any one of claims 17-25 wherein: (apctRisbhiagal menber
IS conpresse | east fifteen percent Between and agai nst salid extension
and sai d ai rflbawwléswlnécmmxﬁmamaalranas\adlﬁ&mmemlr TRe?c]eaé\e&gnsﬂewsaccordl ng to
any one of cl WISt 2tarr eflg\lq t a’}(g fr T heerg% owsihd ement has a
circular cros sééfl L amgy T1R e thediake 7G5 §romm eoc any one ot “ctai ms 17- 26
wherein: (a) emim MBkdmweeﬂemqmpmamtrwagerrent has a cross-section including
a pair of curved ends 10| ned by a palr of straight segments. 29. A system
accordi ng to Eny dthangd Outiand Replacen®@t wherein: (a) said air cleaner includes
an outlet tube for form ng sai d radl al seal therewith. 30. A nethod of

servicing & fil ter eI eﬁ@mrtaumrpfﬁtrsd snplicqtions, ithesfier parls describeddierain atgent
having first l%é’lﬂéfﬂ)ﬁwl{alt&\éfio ﬁﬁnmﬁkhé%héyeﬁé InBQn&Y Slofm into a

duct ; WO 00l 50149 31 PpCT/ the sealing systemincluding a
frame const ruetampl, ARdiltsr Eﬂéhﬁo»r?éﬁﬂiéfrpackﬁ Wik heinsigHed ingaeirgieansic| udi ng an

ext ensi on proj&kink! @Qchaefé. 'tlﬂJsé MmovanQHFW 9%hd tlbereiﬂeétﬂelya ’)&he? %‘é@r’f'ﬂn iy f aces;
the seal nenber beéing supported by the extension of frame construction;

and (b) corrpr%%@l“ﬁg)ft“ﬁ‘etl@@%ﬂd‘aﬁéﬁh?é?ltebé‘?fiﬁﬁ%%waﬁﬂﬂh@&f’ﬁ§P%“I‘f@de";?tdéb‘?s| on of
the fr arrewonﬁztsﬂhuﬁad 1@ Rheaihr pAtRs iiCincleRsel O Bﬂe?erﬂé&dhﬂicat&ﬁﬁ' the Blker pAcizet hod
according to c \Agfar el n sai corrprﬁél? the seal nenber
i ncl udes conpld H?ljoih ys‘é%l?“ﬂé%%‘é’tmab‘é‘lhﬁ/é ‘Yo%ﬂ?ﬁe syay WELr surface
of the extensfrom atffued, dtitibut id2odbicifip tddanglasaediiaipnt 0 any one of clainms 30

and 31 wherein: (a) before said step of inserting, exposing the duct by
renoving a cover from alnisonty appitiions ahe ﬁherecionstmbﬁx&rsmrehnuﬁliincgudetahe duct

bei ng defi ned te |o rf.ace of t hod
nccording to v s REuRhL AR P68 Pt CRpd Bl FER i FicBoE (he sea
nenber, oib enpnongemfemtammto tbc/mer telgardingdlye apprdpeinte aingt tb kangze botahe el enent .

34. A nethod f acL ng to any one of clains 30-33 wherein: (a) said step of
inserting inc de€ nsert i ng a filter elenent having a

To service the air cleaner arrangements described herein, the user will
need access the filter pack. For example, if the filter pack is installed in an air
cleaner housing such as those shown in FIG. 9 or FIG. 15, the user will unlatch the

20 cover from the body member, and remove the cover from the body member. This
will expose an opening. The user will grasp the filter pack and break the radial seal
formed by the filter pack against the sidewall of the housing or duct. In certain
systems, the seal member and the housing or duct will be designed such that the user
will need to exert a force of no more than about 80 1bs., preferably no more than 50

25  Ibs., and in some applications between 15 and 40 lbs. to break the radial seal and
remove the filter pack. The user will then pull the filter pack through the opening
formed by the body member. The old filter pack may then be disposed of. In certain
preferred systems, the filter pack will be constructed of non—metallic materials, such
that it is readily incineratable. For example, in some preferred constructions, the

30 filter pack will comprise at least 95 percent, and typically at least 98 percent

nonmetallic materials.

To install a new filter pack, the user grasps the filter pack and inserts
it through an opening in the duct or housing. The filter pack is inserted into the

opening until the seal member is sufficiently compressed against the inner annular



plurality of flutes; each of the flutes having a first end portion adjacent
to the first end and a second end portion adjacent to the second end;

sel ected ones of the flutes being open at the first end portion and cl osed
at the secowdoesadsporti on; and sel ected_ones of the fl ute®cChaisomgp4si’osed at
the first end portion and open at the sétond end portion. 35, A nethod
accor di ng to #aY obthe heysing taform madighseplheiwsen and againshthg hevsipe wall @hpr essi ng
the seal nembaf dpelibAes ifedrHRce Sht B8vet ARy SiR8Ibe BRBRES 0@k tHe@RPésed B dTet ween
and agai nst the extension and the, duct. WO 0%5g149 3% PEFFIU 00/ 04557 36.
A net hod accofWifiigr paskinglossiibe epeningaiThg coyst may s Peiatched 1 the Body st ep of
inserting a fideher €l enent includes inserting a filter elenent having a
circular cross-section. 37. A nethod according to any one of clains 30-35
wherein: (&) said BisploConsha&lidni Ng a filter element includes inserting a
filter elenent having r.oss-.section includin iy of curved ends
joined by a pair of stﬁ&ﬁ@ﬁfecg%ﬁﬁ{?@‘?s %%Proﬂdﬁg?ﬁ%%%#(’pc%%@gructi ng a
filter el emenspeaificatiigen®hése atelistendetdhoan exanmpid. SA wifle Vasgty pif aldraiteigiza seal i ng
systemincluding a frame construction and a seal nenber; (b) providing a
nedi a constru@?r?%enus ‘th first and second, opposite, flow faces; and (c)
nmounti ng the sealing Syftemﬁﬁsﬁ’ﬂﬁ of the first and second fl ow faces of
the nedia construction. '39. fjod according to claim38 wherein: (a)
said stepqpf providing i i i g em
wher ei n' (IIQ) the frane @gﬁgi?&fggg?gﬁtﬁléﬁﬁrﬁé&aﬁ?ﬁ%éﬂé&%gﬂgﬁgb [ i%ﬁsltsai d seal
menber i s suppehtsdebdoy8 thpandX D émbesqpbouadiicrh), iand inadneleransple wopldbti on of t he

seal nenber projects ially. fr t extension. 40. A_met ho cording to
cl ai m 39 wher &M% se{ygég’f“a’egggf)“tg?] CWEE"R% %%“%ﬁléméeéeélomlﬁ ﬁi%s’f‘%‘ﬂﬁ ﬂ)ﬁcl udes
orienting thewsess bedgeshBThABR (aBSABS w14) 4rd 15HhBEEbGUt 69 BS), tidinioas such t hat
the extension of the frame construction projects axially fromone of the
first and sec&¥aHe World heapproximately 1fichesdabputdy@ng to any one of cl ai ns
38-40 further including: (a) securing the sealing systemto the nedia

const r uct ilén. WO 00/ 50e4iistare AdT b)Sbay/tisudppending hmgﬂleHb?jfr%m%Zﬁ%i ng to

claima4l \Aherq'hﬂai 5§ kerde o H%ﬁth@fse RE Hid N9 (bm'sygmemp&naﬂnﬁéﬁ ve to
secure the sea |ngl systemto the nedia construction. 43. A nethod according

to any one of 180 #ilkee Bawepn Oxhiaehes fabopt) mayped &insh (@boui?- & omdliand inengedi a

construction iRehMERSuR LY 6AhiHs BibBRAl PPNt i@ Weldepir@Wp@51
periphery; (b) said step of providing a sealing systemincludés providing a
frame will be between 3 inches (about 7 cm) and 15 inches (about 38 cm), and in one

20  example would be approximately 10 inches (about 25 cm). The diameter of the tip
portion 263 will be between 2.5 inches (about 6 cm) and 14 inches (36 cm), and in
one example would be approximately 9.5 inches (about 24 cm).

The filter element will provide at least 5 sq. ft and typically 20—-130
sq. ft., for example about 45 sq. ft. of media surface area. It will occupy a volume of

25  no greater than about 1 ft*, and typically between 0.03-0.5 ft’, and for example
about 0.2—0.4 ft’.

2. FIG. 9

The diameter of the outlet region 330 (FIG. 9) of the first housing
compartment 310 (FIG. 9) will be between 3 inches (about 8 cm) and 10 inches
30 (about 25 cm), and in one example would be 7 inches (about 18 cm). The diameter
(FIG. 9) of the inlet region 335 (FIG. 9) of the second housing compartment 315
(FIG. 9) will be between 3 inches (about 8 cm) and 10 inches (about 25 cm), and in

one example would be 5.8 inches (about 15 cm).



construction having a lip nenber; and (c) said step of nounting includes
orienting the |lip nenber over the outer periphery of the nedia '
construction. 44. A nethod according to any one of clains 38-43 wherein:

(a) said steeisowovi ding a sealing systemincludes provigimgoasysext ensi on
conprising a ring construction having a#? outer radial surface, an opposite
i nner radial surface, &nd ahlGadOtid4p; (i) the seal nenber being oriented
agai nst the outer radial surface, the end tip, and the inner radial

surface. 45. A nethod ddesrdilmgthiol ﬂ&rﬁ}tebmstmcuen 410illdg batweghbinghes:  ( a)
said step of di ng nedi a
conprising a @F%ygﬁfln?%ld?fm?%u aﬁgﬁzgéﬂ?%@t ﬁggg%%&zé;‘wﬂf wgéng a first end
portion adj acapptoxinmat¢lié irichesghboanth amd Tae serocinuilae matispoi t91dwilhbjvaeent to t he

second end; (i). sel.ected.on of 1 flytes bej en at.the first end
portion ami cl %J‘é‘%ﬁ‘lbﬁfweteﬂél ‘B’Hﬂtzeg )p"’é‘HIS"%“lli‘BS e&ﬂ‘gﬂggp&?’é‘ﬂmé’ﬁﬁs of the
flutes bei ng esdaﬁ.?}%%a@etaﬁamas MTﬁﬁ)cﬁé@@abQﬁU?tdngnTﬁ@Qx nkBE3, Se£pnd end
porti on. Yo ABE . AFe. A3. AY. AY . AY. A Al . AF% AYA;A E .AY.A3Yl .A . A

. AY9. AF9. AI AhavgaMgthmateAﬁwﬂ 1 fnches/(¥poun 5 Amm), Agd in ppe c cxAmple, ‘muldxgc E$b[ Nzo|

L nf "
U c”a] ((Z}E;.G caj %g}n%%a %fgiazjcé@] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca

U c”a] ca] ca] cRa] cal] Ca]P é']J‘Lgl tﬁca di:S)’tche that the frame 605 extends inboard of the
10 filter construction 470 will be between 0.2 inches (about Smm) and 1 inch (about 2.5
cm), and in one example would be 0.6 inches (about 1.5 cm).

The filter element will provide at least 5 sq. ft and typically 20—130
sq. ft., for example about 45 sq. ft. of media surface area. It will occupy a volume of
no greater than about 1 ft, and typically between 0.03~0.5 ft’, and for example

15  about 0.2-0.4 ft.

H. Example Materials
In this section, examples are provided of usable materials. The
particular choice for any given material will vary, depending on the filtering
application. In other words, the particular material selected for the systems usable
20  herein will be decided upon by the system designer based on the system
requirements. A variety of materials are possible. The following section provides

examples of materials that have been found to be suitable,

The media 122 can comprise cellulose. One example of media usable

in the system described above is as follows: cellulose media with the following

25  properties: a basis weight of about 45-55 Ibs./3000 ft* (84.7 g/m?), for example,
48-54 1bs./3000 ft*; a thickness of about 0.005-0.015 in, for example about 0.010
in. (0.25 mm); frazier permeability of about 20~25 ft/min, for example, about 22
ft/min (6.7 m/min); pore size of about 5565 microns, for example, about 62
microns; wet tensile strength of at least about 7 lbs/in, for example, 8.5 1bs./in (3.9

30  Kkg/in); burst strength wet off of the machine of about 15-25 psi, for example, about
23 psi (159 kPa).

The cellulose media can be treated with fine fiber, for example, fibers

having a size (diameter) of 5 microns or less, and in some instances, submicron. A
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an "as molded" density of fourteen to twenty—two pounds per cubic foot. Foamed

polyurethanes are available from a variety of sources, such as BASF Corporation of

Wyandotte, Michigan. One example of a foamed polyurethane comprises a material

made with [35453R resin and [3050U isocyanate, which is sold exclusively to the
30  assignee Donaldson by BASF Corporation.

The materials should be mixed in a mix ratio of 100 parts 135453
resin to 36.2 parts [3050U isocyanate (by weight). The specific gravity of the resin
is 1.04 (8.7 pounds/gallon), and for the isocyanate it is 1.20 (10 pounds/gallon). The

materials are typically mixed with a high dynamic shear mixer. The component



103 u aB4/
10, 10967& () - 10967& ()-L109GT& () -1 10967& () -, 10967& ()-! X1096T& ()-S 'Nz[ <4/
10%M09%T& () -, &$109%T& () -1\
: $1090THTHE, W-obkd1asl0% | & () - ! v109%TE () - 1090& () - &wgdEA/ RO@SRUAEE () -
L1098 ()-f @ 109F& ()- @ 109%0& () - (109G&4()- @' 10%T& ()-irS4 10@
109%@' () - F@L Byaperapuresshpad bogeventy yo nipety ofiveglegrees Palgenpyit. THiowgld () - T, Td E;j sS4
10@ 10109%@& L)+ ' iy Ui el CLOGR () - &LO%UG () - ! WalEr S4
10@ 10° 10%@;‘%& -*%%{%-“%‘5‘%??%5 %3&% éligty@z O 10%@ () - 10%@& () - % VdEr S4
106 Fribo@ (- Friosg e a0 I Lo (e 1) - 109 () - cC.

' - ' - ' - ' -. ' -cC~
ZX6b@ 10! 1096 +"+& ()%ﬂ}lowﬁv&‘aﬁ mf%@ ¥5ight1 100998 ()-!= s10%& ()- Y! |
S100& ()-¥ $! "x$$$$$$z0dY7 I%I'O! | B3 HONEHE -01/4(9@50@9\%1%)@0@% 10%@ & ()-!D'f
109& ()-!3"f 109%n{n& ()-! %) 'f ]%Qol/o/vé(')(l%b%g&' r) T **wU3dY?

101S = -10,

3) Triols = 500-15,000

(b) Average functionality
D) total system = 1.5-3.2

10 (©) Hydroxyl number

1) total systems = 100-300

(d) Catalysts
1) amine = Air Products 0.1-3.0 PPH
2) tin = Witco 0.01-0.5 PPH

15 (e) Surfactants
1) total system = 0.1-2.0 PPH
@ Water

1) total system = 0.03-3.0 PPH
(g) Pigments/dyes
20 1) total system = 1-5% carbon black
(h) Blowing agent
1) 0.1-6.0% HFC 134A.
The I3050U isocyanate description is as follows:
(a) NCO content - 22.4-23.4 wt%
25 (b) Viscosity, cps at 25°C = 600-800
(c)  Density = 1.21 g/cm’ at 25°C
(d)  Initial boiling pt. - 190°C at Smm Hg
(e) Vapor pressure = 0.0002 Hg at 25°C
® Appearance - colorless liquid

30 (g)  Flash point (Densky-Martins closcd cup) = 200°C.

The above is a complete description of principles of the invention.

Many embodiments can be made according to principles of this disclosure.
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(i)  said seal member being supported by said extension of said
frame construction; and
(iii)  at least a portion of said seal member projecting radially from

said extension of said frame construction.

2. A filter element arrangement comprising:
(a) media having first and second, opposite, ends;
(b)  asealing system including a frame construction and a seal member;
) said frame construction including an extension projecting
axially from one of said first and second ends;
(ii)  said seal member being supported by said extension of said
frame construction;
(i)  at least a sealing portion of said seal member projecting
radially from said extension of said frame construction;
(A)  said sealing portion forming a seal when releasably
pressed against a sealing surface of an air cleaner; said
sealing portion being free of media radially adjacent

thereto.

3. A filter element arrangement according to any one of claims 1 and 2 wherein:
(a) said extension comprises a ring construction having an outer radial
surface;
() said portion of said seal member being oriented against said

outer radial surface.
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(a) said ring construction defines a perimeter;

(i) said media being within said perimeter of said ring
construction.
6. A filter element arrangement according to claim 2 wherein:

(a) said media includes a first flow face at said first end, and a second
flow face at said second end; and
(b) said extension projects axially from one of said first and second flow

faces.

7. A filter element arrangement according to any one of claims 1 and 6 wherein:
(a) said media comprises a plurality of flutes; each of said flutes having a
first end portion adjacent to said first flow face and a second end
portion adjacent to said second flow face;
@) selected ones of said flutes being open at said first end portion
and closed at said second end portion; and selected ones of
said flutes being closed at said first end portion and open at

said second end portion.

8. A filter element arrangement according to any one of claims 1, 2, 6, and 7
wherein:
(a) said media includes an outer periphery; and
(b) said frame construction includes a lip member circumscribing and
secured 1o said outer periphery;
@) said extension of said frame construction projecting from said

lip member.
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increasing from said end tip of said extension toward said lip

member.

11. A filter element arrangement according to any one of claims 9 and 10
wherein:

(a) said media and said frame construction have a circular cross—section.

12. A filter element arrangement according to claim 11 wherein:
(a) said lip member has a diameter larger than a diameter of said ring

construction.

13. A filter element arrangement according to any one of claims 1, 2 and 6—-10
wherein:
(a) said media and said frame construction have a cross—section

including a pair of curved ends joined by a pair of straight segments.

14. A filter element arrangement according to any one of claims 1-13 wherein:

(a) said frame construction includes radially supporting cross braces.

15. A filter element arrangement according to any one of claims 1—14 wherein:

(a) said seal member comprises compressible polyurethane foam.

16. A filter element arrangement according to any one of claims 1—15 wherein:
(a) said seal member comprises polyurethane foam having an as molded
density of no more than 22 lbs/ft>.
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including an extension projecting axially from one of the first and second
flow faces; and the seal member being supported by the extension of the
frame construction; the engine air flow system comprising:

(a) an engine having a rated air flow of at least 500 cfm and an air intake
system;

(b) wherein the media of said filter element arrangement is in airflow
communication with said air intake system; the media being
constructed and arranged for air to flow into said media through said
first flow face, and for air to exit said media through said second flow
face; and

() a radial seal formed by said seal member between and against said

extension and an air cleaner.

18.  Anengine air flow system including a filter element arrangement according
to claim 2 operably installed therein; the filter element arrangement including
media having first and second, opposite, ends; a sealing system including a
frame construction and a seal member; the frame construction including an
extension projecting axially from one of the first and second ends; the seal
member being supported by the extension of the frame construction; at least
a sealing portion of the seal member projecting radially from the extension of
the frame construction; the sealing portion forming a seal when releasably
pressed against a sealing surface of an air cleaner; the sealing portion being
free of media radially adjacent thereto; the engine air flow system
comprising:

(a) an engine having a rated air flow of at least 500 cfm and an air intake
system;

(b) wherein the media of said filter element arrangement is in airflow
communication with said air intake system; and

(©) a radial seal formed by said sealing portion between and against said
extension and an air cleaner with no media being radially adjacent to

the sealing portion.
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aBP; against said sealing surface and said extension of said frame

construction.

20. A system according to claim 18 wherein:

(a) said media has first and second opposite flow faces; said first flow
face being at said first end, and said second flow face being at said
second end; said media including a plurality of flutes; each of said
flutes having an upstream portion adjacent to said first flow face and
a downstream portion adjacent to said second flow face;

@) selected ones of said flutes being open at said upstream
portion and closed at-said downstream portion; and selected
ones of said flutes being closed at said upstream portion and

open at said downstream portion.

21. A system according to claim 20 wherein;
(a) said frame construction is secured to said media pack adjacent to said
second flow face;

(i) said extension projecting axially from said second flow face.

22, A system according to claim 17 wherein:

(a) said media comprises a plurality of flutes; each of said flutes having
an upstream portion adjacent to said first flow face and a downstream
portion adjacent to said second flow face;

@ selected ones of said flutes being open at said upstream
portion and closed at said downstream portion; and selected
ones of said flutes being closed at said upstream portion and

open at said downstream portion.
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25.

26.

27.

28.

29.

30.

9=} A7
(2)

®

said

extension includes an end tip; an outer surface, and an opposite

inner surface; and

said

seal member includes a first portion being oriented against at

least said outer surface of said extension.

A system according to claim 24 wherein:

(a)

said

seal member includes a second portion oriented against said end

tip; and a third portion oriented against said inner surface.

A system according to any one of claims 17-25 wherein:

(a)

said

seal member is compressed at least fifteen percent between and

against said extension and said airflow tube to form said radial seal.

A system according to any one of claims 17-26 wherein:

(a)

said

filter element arrangement has a circular cross—section.

A system according to any one of claims 17—26 wherein:

(2)

said

filter element arrangement has a cross—section including a pair of

curved ends joined by a pair of straight segments.

A system according to any one of claims 17-28 wherein:

(a)

said

air cleaner includes an outlet tube for forming said radial seal

therewith.

A method of servicing a filter element comprising:

(a)

inserting a filter element having first and second, opposite, flow faces

and a sealing system into a duct;
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35. A method according to any one of claims 30—-34 wherein:
(a) said step of compressing the seal member includes compressing the
seal member at least 15% between and against the extension and the
duct.
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faces; and
© mounting the sealing system on one of the first and second flow faces

of the media construction.

39. A method according to claim 38 wherein:
(a) said step of providing a sealing system includes providing a system
wherein-
6)) the frame construction includes an extension;
(i) said seal member is supported by the extension; and
(iii)  at least a portion of the seal member projects radially from the

extension.

40. A method according to claim 39 wherein:
(a) said step of mounting the sealing system includes orienting the
sealing system relative to the media construction such that the
extension of the frame construction projects axially from one of the

first and second flow faces.

41. A method according to any one of claims 38—40 further including:

(a) securing the sealing system to the media construction.
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42. A method according to claim 41 wherein:
(a) said step of securing includes using adhesive to secure the sealing

system to the media construction.

43. A method according to any one of claims 38—42 wherein:
(a) said step of providing a media construction includes providing a
media construction with an outer periphery;
(b) said step of providing a sealing system includes providing a frame
construction having a lip member; and
(c) said step of mounting includes orienting the lip member over the

outer periphery of the media construction.

44. A method according to any one of claims 38—43 wherein:

(a) said step of providing a sealing system includes providing an
extension comprising a ring construction having an outer radial
surface, an opposite inner radial surface, and an end tip;

(1) the seal member being oriented against the outer radial

surface, the end tip, and the inner radial surface.

45. A method according to any one of claims 38—44 wherein:

(a) said step of providing a media construction includes providing media
comprising a plurality of flutes; each of the flutes having a first end
portion adjacent to the first end and a second end portion adjacent to
the second end;

6 selected ones of the flutes being open at the first end portion
and closed at the second end portion; and selected ones of the
flutes being closed at the first end portion and open at the

second end portion.



