;e3de#, #&&' 1)) D8, 6n, T, ~ 1 SEALI NG SYSTEM FOR FI LTER Fi el d of -t he I'nventi on
26 AUG 2003, Thi s disclosure concerns filter constructions for engines and
mt hods 5 of filtering and filter preparation. In particular, th i~ e rn
di scl osure destribes a filter arrangenent having a sealing systeZm6 AUG 633
"Baekground of the Invention Gas streans dften carry particul ate materi al
" therein. In nmany instances, it is desi rab%&egﬁ%ﬁ%mve sone or al] of the
particulate material froma §§§LJ{NGOS¥WS or exanple, air intake
streans to engines for notorized vehicles or power generation equi pnent,
gas streans directed to gas turbi Q?e%! zgd ﬁir streans to various conbustion
furnaces, often include particul atét entinn oin. The particul ate
material, should it reach the internal workings of the various nechani snms_
invol ved, can cause subBtisdisclasuregercgmsiier eanstrugtions forengines wdangtheder r ed,
for such 15 s ens, t enove the parti. T gas fl ow
upstream % f ‘%ﬁ%‘egﬂ% f"ﬁcgﬁ{t gtigeit °ﬁ;(‘etl,°nf E‘l’ Haa%lg‘ﬂég‘h%tﬁ%?&g%acﬁérﬁé’%@ ﬁt\%l ved. A
vari ety of aygbhpdntdnt Gavilga sédling@ystamr angenent s have been devel oped for
particul ate renoval. In general, however, continued inprovenents are
sought. W9940908 di scl oses a conical filter having fluted filter nmedia and
an axiat 20 scal. The filter elm¥Rptcmdof\EONARES are fornmed by w ndi ng
| ayers of filter media to form@a circular, crosS section. The elenents are
nmoved axi ally as they &assteamgioftan qaimagpadiculateanatpagitbrgeinofmmany | e t he

sealant is still pliable.tp shape the cl engn 741939 di. oses a
plastic end HF?&%?‘_‘aﬂeﬁﬁﬁmtaF%?Y%88P°&’gﬁ€hﬁ°%8ﬁgﬁqﬂ‘m@%‘ﬁl8&“%s .
radi al . FPOS@heafeanl ol SRfinia did ihab RERRTH biginbs Br RotBEOCERELEor Seal i Ng
end caps. U. S. patent 3,69S, 437 discl oses an oil filter with an anti-drain
back val ve. Phwergeneetion cayipment, gassfieamel directdd tpigpinturbitesapnd yipsircaandu

utilizes an axis sealing system EP0704233 discloses.a,spi.n- filter
havi ng a pl eaf%“éf’g}’?ﬂﬁ?‘" A PaFD PO, p%ﬂ"@ﬁﬁ"é’i‘ﬁ?’@ﬂ%‘a&?‘e@ﬂ%eal i ng
systemis usgghiculdtetnaedal, shohldiPrddeh #Ghtekdnl WORRE4 2P the vanous mechanisms

involved, can cause substantial damage thereto. It is therefore preferred, for such

15 systcms, to remove the particulate materal from the gas fiow upstream of the
engine, turbine, furnace or other equipment involved. A vanety of air filter ot gas
filter ayrangements have been developed for particulate rcmoval. In general,
however, continucd improvements are sought. .

W09740908 discloses a conical filter having fluted filter media and an axial

20  scal. The filter elements in WO9740908 are formed by winding layers of filter

media to form e circular cross scction. The clements are moved axially as they are

wound or placed on a shaping form while the sealant is still pliable to shape the
clement. W09741939 discloses a plastic end disc for an annular filter clement,

through which flow is radial. EP0581695 discloses a filter assembly with
25  dcformable sealing end caps. U.S. Patent 3,695,437 discloses an oil filter with an

anti-drain back valve. The filter element is cylindrical with radial flow, und utilizes
ar axial sealing system. EP0704233 discloses a spin-on filtcr having a pleated
element end radial flow. An axially directed sealing system is used.
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@0-006200003 1a Sunmary of the Disclosure This disclosure describes %88980 a551

air flow system The air flow systemconprises a filter el enent
construction including a nedia pack and a sealing system In p:n? erred
configurations, the sealing systemw || have a frame 5 arrange nb AHg 21
seal nenber, where the frame arrangenent lhcludes 3n extension projecti ng

aX|aInyromone of theflowfac§l t]ﬁ. L ack. In particularly

preferred arrangernents, the seaMﬁE&%% d by the extension of
the frame arrangenment. Fii{ 8cl8bPdBALLIERRS ch Eh{?% @tcﬂ:esﬂfe'aﬁeﬂo@ere' n
Preferred filter 10 el enent constructions m i-ncl ud ones such as those

characterized sgrlstmecommrtsbmdﬁltufeldmdm eansugctmpsmﬂndmg sanediapack ahd h seading on
systens, and construc r arrangenents arc degcri bed herein.
Preferred rret Ry ltP @%@4@@%@%@%@%&%@%@ E}é‘ﬁ pitamgs
characteri 5%9 T

PCT/ US00/ 0455 i 5? ’&SCI’I ption of t eq}[‘)er g—\}z&ﬁga}m@é@ﬂ Q?@ég%léshc x%ens

perspective vipajectingmealiynfam oneof thaflow!fices obmeknedimmkdlmgm\a.m@ytal n
principles of th|s F@I sclosure; FIG 2 is a schematic, perspective view of a
portion of fi IWEA"" renesmentssheseahmemberds sunpgurdhy Ylesitenyion of thedfame 3 i s a
schemati c, per,g,ggg&},éﬁ@. vi ew of one approach to manufacturing a filter pack
usable in the arrangenments of FIG 1; FIG 4 is a schematic, plan view of
one enbodi nent a seal i nFilser stearenodonisimctionst dre idegaibisd bércinl @refdired filtérl G 5 is
a schematig, fra nt e Cross-se onal v ew of the arran rrent of FIG 1,
depi ct ed s]@al éﬁ?ﬁ&?f@wﬂ%ﬁ é"é“HF?"deGP“EFSSé"’ gy Boge charaglegized
cross-sectional view of t aken
along the line 6-6 of Flﬂcéiﬁ%isogﬁﬁﬂf I's an’ %H’ 5e fag]és?réaﬂghscherratl c
. Cross-sect i onabnstiuetingfiltér arangementstuocl devenbed leeein O Pefefeilidthodsaait] wyeber  of
the sealing systemof FIG 4, according to principles of this disclosure;
FIG 8is as @WPW&"‘SS@%EWWQSﬁ@W%EﬂéWWOdl ment of an air
cleaner, in which a filter pack according to principles of this disclosure
can be used; FIG9 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 enbodi nent of a filter pack, according to certain principles of
this disclosure; FIG 11 is a schematic, perspective view of a filter nedia
portion of the filter pack of FIG 10; 25 FIG 12 is a schematic,
perspective view of one enbodi nent 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 enbodi nent of the sealing systemusable in the
filter pack depicted in FIG 10, taken along the line 13-13 of FIG 10;

AMENDED SHEET



30 FIG 14 is a schematic, side elevational view of an alternate enbodi nent
of an air cleaner, according to principles of this disclosure; 1 2 ~

| ~. 1 WD 00l 50149 PCi'/US0010455T 3 FIG 15 is a schematic, cross-sectj,onal
view of the air cleaner depicted in FIG 14 and taken al ong 2he Aihe 635 15
and showing the filter pack of FIG 10 installed within; FIG 16 is a
schematic view of one enbodi nent of a systemin which 5 air cleaners
according to the present disclosure are used; FIG |7 is an end el evati onal
view of an alternative enbodi ment of the filter pack depicted in FIG |;
and FI G 18wpepispi9 end el evati onal view of another emtwsehommasst of the filter
pack depicted in FIG 1. . tailien ription A FIGS 1-7 Attention is
directed to FIG 1. FIG TV ew of a first enbodi nent of a
filter pack 50. The pr@Ef @rafs@emitic|deRpectaeiéw afond ephoainRal aifing! udes filter nedia
55 and a seaégépgccgggﬁl 88 o Jible%ﬁiu‘?ﬁi@ d,eonstructions, the filter nmedia 55
is 15 designed’'to renRove pzfrtlcul ates froma fluid, such as air, passing

t hrough the filter nmeH.aisaSdhemdlic,)persjctiere sie@lbof Ay@rtidy 6ft fitean fdial S desi gned to
seal the il 1eﬂ%&‘§n§1§cn@ﬂ§£ﬂ‘?&)a sidewal | of a housing or duct, as shown
in FIGS. 8§ and 9. By the term™seal," it is meant that the sealing system
60, under normal condiG. B sRschepatie\peddjicstivid MiewbEane @gprdadduel s of fluid from

passi ng t hr opghmefiRdifRE pRELURER tlfadsthdn@lorB@CK 50 and the sidewal | of 20
the housing or duct; i.e., the sealing system 60 inhibits Quid flow from
avoi di ng passage t hr &i@H istalaehematik,tpban ivieg ofiene erabo8imenifa séalihg sestenpack 50. I n
certain pref grgaftedipaeMENts, the filter media 55 will be configured for
straight-through flow. By "straight-through flow," it is nmeant that the
filter nd@i a 5S i s c&lf. b gusehematin, fagromrdicroscticomalvd® oiihe h a first flow face
105 (cor r espandieignbOFIGN, d&picleddeRld iff Rthir clebnet f3eusk;l | ust rat ed enbodi ment) and
an opposite, second flow face | 10 (corresponding to an outlet end, in the
il lustrated enbodi meht ¥ iswisthmdtic, srogs—feciinnel @rewef thp fanierof Bpecalibigr ecti on 114

t hrough the fyitesbrf fiGoNakaangiTinaid o€KIGt 4:ng i N the sanme direction t 16 from
t he second flow face | 10. Wen used wth an inline-flow housing) in
general , the fluid wFlG 7&me enflarge frapmgpied salemiptifl cersssfctiqoperiew@lisi ng i n one
directions etdeembadtnehtl: chipressible SeaINSnbelGl ihofkaling GystelarodElghs,t he first fl ow face
105 in the s A rect | I+ e 26 AUG 2003 wo /50149 4

PCT/ US00/ 045%?3??'?%‘%g%@%g%fﬁlgﬁé%llo%%' 100 in the sanme direction fromthe
second fl ow face 110FIGRd asohbshatit persfealvs vienw oft dié autghinbfief maisi ng outl et al so
in the same giLh&Gh WAth a filed AUBRdAR % Jrinkigits of [hQWishiaGR Al ules, described above
as corresponding to an inlet end) and the second flow face 110 is descri bed
above as correspondi Al P 6 aachkerdutiowtossetectipma viewlobthe 7t ddaneadrgicedit | et ends can be
rever sed.2o ThAlIG. 8, shbvi thd fied padld depieidaas BIGL DsislR@ingt @tk n FIG 1 can
correspond to an outlet end, while the second flow face 110 depicted in
FIG 1 can correspond!G & iamschemiatic, pesspeltivd viewf @first altemptive f i r st f| ow face 105
and t he secoésbofimenof AMer pack]Rcardif 6l@RhiE b@dipRSofhiadidlosurddd as parallel. In

ot her enbodi nents) the first flow face 105 and 10 the second flow face 110
can be non-pl anar, f &G ékiapgshematid, perspeiveiny dfalfiltermgdia pastionof he first flow
face | 05 andmeseopdk éirosvif;ace 110 need not be parallel to each other.

25 FIG. 12 is a schematic, perspective view of vne 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;



Generally, the filter construction 100 will be a wound construction. That

is, the construction 100 will typically include a |layer of filter nmedia
that is turned conpletely or repeatedly about a center point. Typically,
the wound construction will 15 be a coil, in that a layer of $ pueroonedi a
will be rolled a series of turns around a center point. In arfrangenents
where a wound, coiled construction is used, the filter construction 100
will be aroll of filter nmedia, typically pernmeable fluted filter nedia.

Attention | WokgR4lirected to FIG 2., FIG 2 is sche&IP¥¥45€rspective view
denonstrating the priggi 18'1&%}%Inﬁi%pc?<§s§§écﬁ&amewc&EhtcQ:'rEl%aﬂé eferred nedia usable

inthe 20 filter constructions l'uted construction is
general |y dedSERifigdiniiCat4 apdigken QP@f“é’r"&be”"’t"ﬂé““l“’l'"ﬁt"@éf“‘ifé‘f‘i’é‘l‘"r uction 122

i ncl udes: a |F§g.dpind@Bdefthicor rugati ons having a plurality of flutes 124 and
a face sheet 132. The FI 2 enbodj nent sho t sections. of the face
sheet 132, at 132A (d8Bi ‘g‘t“eﬁcfdﬁﬁ“‘t%ﬁwafmfﬁ'é‘”?@'}ﬁl“lv}g&fyé‘a‘“r"ag’éﬁh 1 23) and at
1328 (depii:tedCb@Imwcorhleg@@wmmgaitd@dostuayemmd 23). Typically, the preferred
25 medi a constructio 3 used n ar[j “go ts desched erein wll

i ncl ude the corrugat fé‘?‘e‘ff vy e fcﬂ‘é‘“’BS‘f‘ YMPLLe sheet 132B.
When usi ng thﬁ@ltmkaiemmdsﬂ‘lﬁctw@n 125 in a rolled construction, it
typically will be wo round I.tse ch that the bpttom face sheet 132B
will cover the top uﬂghg's%ﬂ °§?"8’ETY'%1"§/°era" ?écmb?%fme'fl 'g&e'@ ffeet 132 covering
the top of twk@w@@g‘aﬂﬁdl | ayer is depicted as 132A. It should 3U be
understood that the face sheet 132A and 132B are the sane sheet |32. "2 6
~, ~! ~ u0g WO 001 50149 5 PCT/ UsQfl.-dhaadpathien using this type of nedia
construction 125, the flute chanbers 124 preferably form al ternati ng peaks
126 and troughs IX8S.1The troughs 128 and peaks 126 divide the flutes into
an upper row and lower row. In the particular configuration shown in FIG
2) the upper flutes f‘b‘l‘f‘ﬁ°f‘Isl‘}t'%‘e‘éﬁéHgérgGlﬁﬁa'Z:"FSB%C%‘(Y"5’("°f"nfé‘“5 downst r eam end)
while flute chodtenssdfdr aasonthephehed Apphdkaaasprrdintihdsfaid: f orm t he | ower
row of qutes fluted cha 34 are c|ose &irst end bead 138
that fills a'f ?seanddsc?lmfgﬁ'éle'ﬁgas)ﬁ?%‘g]%eéelcoasmf"o?sh&w gllter%waabet ween the fluting
sheet 1301hndlcﬂé&nei‘SGQMGWMWW&SUQ@Q& pasjing throyeh ¢y fiker second end bead

140 cl oses thﬁédiq%nﬁcﬁ@@&ﬂu%@%te@xfm@ld&%w {cRehe il bR sdRfinstd N Some preferred
systens, both the first en ead |38 and second e d head 140 are

strai ght al oﬁ@c"é(’f PLafgystre srfuctys showmin G 82l Sy ety Efﬁ {95, never deviating

froma strai givint parttiie.sealing sg@MEB0 pnet it chndiy@is, prBentshiligteridedioklsend bead 138 is

both straight 0ev e viates br . cw r one of the ends
RS B5U50 A0 ) e PESLL el

of the nedia CORStT _ ' ‘he seco 40 i's both
strai ght #hd “P?é'(rémeré’vq‘;&F-elbcWwamp@smwwﬂhﬁwcﬁo%‘im&)ne of the ends of

the nmedi a congkdgblfbol@ihekifi@ing hba 35 oftitled padies. L24 and end beads 138, 140
provi de the nedia construction 125 that can be formed into filter
construction 100 and Ibecrsih preferrad rdngeynege the fikenppdir SSiwilpbewprtfigoet a housi ng.

When usi ng. Mgt ORRtH 6% Sbighd Vol 0. Of i B flu SERRE LG T on 125, during

use, unfiltered suchas alr, enters ute chanbers 136 as

i ndi cat ed by 5985 configureintrestugtipmhi withifirst fenefase 103 orgerpardingraan1 36 have t hei r
uEstreﬁm ﬁ:ndsmékéx(ﬁ,lepemusumb&mwl uhén%)@fdﬁﬁioépf%dccﬁﬂdmifaﬁe not pgrm'tted Lo pass
t hrough the downstream ends 148 of the u 136 because tlheir
downst r eam edBTRYEEI0A Y 8§’§jd‘"g§i"'t"ﬂ’3‘°%é@8#ﬁ’ﬂ @ {Lﬂ‘ga@ Y40. Therefore, the
fluid is forceaehngogps deeaied! 14 thrapigthe firdt Bow facet10hapd shilggin the3@mor f ace sleets
132 As the unldid 36 foh fd sl FRARETof WHBHAD il hlylibR Boshget |30 ¢r face

25 sheets 132, the I's cleaned or filtered. The cleanéd fluidlis

i ndi cat ed by "EWéml}rﬁ'%la'dé’dl“&F?‘UW%S’O“'W@W?“&P%I‘“PW%@% t hr ough |t he

fl ut e chambernse filkddorsidaiidh NodtEvigsh the Rist floW [keé 108 aitheadlsdirk&idn, etiared) to f|l ow

t hrough the open downstreamend | 52 (Fig. 1 ) out the fluted constjruction
122. Wth the configuration shown, the unfiltered fluid can flow tHrough
the fluted sheet 130) the upper facing sheet 132A) or |ower 30 faci|jng sheet
| 32B, and into a flute chanber 134 Typically, the nedia constructijon 125
wi |l be prepared and then wound




to forma rolled construction 100 of filter nedia. Wien this type of nedia
is selected 2 6 AUG 20Q WO 00150149 PCTNS00/ 04557 6 for use, the nedia
construction 125 prepared includes the sheet of corrugations 123 secured
with the end bead 138 to the bottom face sheet 132B (as show} ign AB6G003,
but without the top face sheet 132A). In these types of arrangenents, the
medi a construction 125 wll include a | eading edge at one end and a
trailing edge at the 5 opposite end, with a top |lateral edge and a bottom
Iat eral edgeroemioeﬂdl ng bet ween t he Ieadl ng and trai Incm.gsw/dgﬂs By the term
"l eadi ng edge’, it the t hat IJy turned or

rol | ed, such fi"ﬁé?"s?"tc"‘i“ f”"é&'fe&'g’gﬁf’m?‘(ﬁscf?{'g ﬂ%?ﬁ‘f"eﬂb Ebre of the rolled
constructi on.xhe'ﬁh'smgthroaglitherlgusedgerétaminlmelsanetdhe:uadge on the outside of the
rolled construction, upon conpletion of the turning or coiling process. 10
The | eadi ng edge and Atheveh tha first fleyy faseitfie iscirsuitcdatiow % epewerdpetoneen t he

corrugat ed sfaeﬁ.tmka?amﬁn&l;e&mom&& nmsfdasaﬂ:esmwasao%zﬁondb@ime w nding the
sheet into a c in.these t tlonqu125. Wiile a

[
number of way¥ é?”g “56‘3%?‘5‘%‘“ °&'e':f‘t’°éffrffg ah'?) f%“é at the |eading
edge is for nelepied if RG] lcnweqorr(sa:)ndtoheox@lawnddgateedsmelbwiazelland the bottom face

sheet 132B ard@pl&édt.nﬂ Sl && o] m@dénb ne or 15 path extending fromthe top
| at er al edgetothe ottomlatera ge (or, fromthe bottom | ateral edge

to the top lateral edgejG. ﬁlnmmgtm;wfrﬁcumaamg‘e@ﬁm(mgwamﬂ@k 126 at the

hi ghest point, (or, apex f the pe 126, and ( s applied between
t he bottom fg?éctcgﬁggﬁm')ﬂ%épﬁal‘ B‘ﬁ’g' ﬂ’é%?m%'fs l%o'{’)%ﬂ gf"(a)iﬁ;sa“i% along the line
or path ofo culteseciﬁhlelow@adsllatantbh®nwaaurIft»rn:gtneld,g‘elstcenMclueFMand anal ogously to

the process %tﬁwmcﬁ&aw&c%@ﬁdw@&ﬂd]x%ed%gtde?ﬁ&iielﬂgea@\%% Wi le a number of
different types of seal ant nmay be used orm ng these seals, one usable

material is a non- foaama‘alslﬁadmzatcorawuudnab(bembeo\nauhb«antrl?u:bxl er, St Paul ,

M nnesot a) ntl |ed de t|o en using the medi a
construct i ondr?f °t°"s|5%°"°'b 052‘ é@ 'E)m’ e'°|#lﬁF°eF?1°dda‘}sm5H’e?§t o wind the
construction ca_@ﬁemlm@patedlmhﬂoadcwnmm Libfblpablm, tigfwobmd| comstructimoinl, 25 such as the

filter copst rbUQéo'uQHmJ{Q@a Qt)ffmuq}mdllawﬂl UA‘mYII?JJS%CYOQLns% S8l be used to coil
or roll the nedia Attengl on is directed to FIG 3. 1n the particul ar

embodi nent sW&‘\'AhI']“HWF‘EE‘“E’““T%"@’“%&’E“&‘°8’8§H%°E‘?'U%W"oﬁ°f“?5 i s Wound about a
cent er mandr ebnsthidonano will BEA rolbd{ENE Mkedid, GpiodliY pértlenbla flared Mt negia.nenber f or

w ndi ng. The center mandrel 134 may be renoved or left to plug to act as a
core at the center ofAtepionisppw digpteddalIGi 2 |H@ 2 isgsatticuresiegive 30 100 (FIG 1 ).

It can be apMCQCJcﬁBrQQauﬁManESB%E}QwE@ﬂ:ﬁr&fnpYdeﬂgd H@iveskens My be utilized
for makin her fllterlneg]m%: SZ'PF‘Q such aslfllter medi a having an

obl ong) ogoal ligr SUFTHUF BEFet- GiFig 4@ 8?"5‘&‘!%’?—:&"3? BrifsfeRatedal 5 5 AUG 2Q03 WD
00/ 50149 7 PG:TJ w&ﬂh&b@ékﬂﬁﬂneirhmsmmdn t2dwhddsT aleer 28 ofldmugatives al so be wound

wi t hout a rramm;gfa@@@mueﬁlﬁyfﬁm@a%t RAtiQl2 kBl cor €l ess rol | ed

construction 1s e trough Irst few
corrugations “6‘?%“!‘1’@%'&?%@%@ 8t &% (depirtsd enapef therprypatadiyer| eadi ng edge are

Ec?{ ed }‘rom tl|2t§aﬁdQDBlZ@Ecﬁﬁ‘&Jdtbad@iﬁc(Eoﬁuéa{%@la@ﬁﬁpmyﬂnaﬂl?ﬁlﬁ!preﬁﬂglel (or t5hfr0mthe

ottom |l atera p the top latera inrolling the

constr uct%f'e "°%x2§r‘?ﬁf18‘”Pﬁ%"?'ﬁ???g%%’"wﬁﬁg'&\hfons fromthe | eading

edge wil | hamatsidaypxsnmmdmmwaﬂtmf@cmha lnﬁow@h@usm@&su(eh) the bead 140 of

seal ant is apRnRfbndbs @groilg%ﬁ&s&ﬁumuW&Il?bﬁ%ﬁw&&dﬁ&fnﬁ RLpn 123 al ong the
al edge

| at er al edge OE osite fromt ater avin 138; (c) the
| eadi ng edge Hkthg heftem Gpeshieet I32Ewl cqyer thedap of e eppruagated Byar ha3t T‘F"t sel f 10 and then
pi nched t ogetiteshed 32R6vempateRs) N ddrkdard ﬁ,ea.ka@tcmbmdmmhouwnd (d) the

r emai ni ng orru at e e ott ce sheet 132B secured
thereto |35(F @ %ﬂ’ra lﬁﬁiteccﬁ]}ﬁ”@a\raﬂ‘ggzé%mﬁﬁm °t|5?2nched | eadi ng edge.



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 15 and 5, 435, 870, each incorporated by reference herein. In still
other nethods) the nedia construction can be rolled by hand.2 $hatGu#ll3g
rolled constructions such as the filter construction 100, the system
designer will want to ensure that the outside periphery of the construction
100 is closed or locked in place to prevent the filter construction 100
from unw ndiyggwsedd There are a variety of ways to agepiRbdssh this. In some
applications, the outside peri phery3is wapped with a periphery |ayer. The
peri phery Iayer can éhenusing thistype ofmedia sepprasopd2the 8¢ al | such as plastic

with an adheaiams«ammaﬁny&anMHg;tckusszstameougfs1tsaym<hrdu§1sutl lized, the
peri phery | ayer s%(?%?t gg filter const rudct g fram unwi ndi ng and
prevents the %“l“&‘FP& s 86 WG RS PRRTOY R 'B‘ﬂcfé"wd VISR BHEr y of the 25
filter const wnﬁztmonsh%)mmlhmaumbrngtesbmaﬁ@thmbhsmﬁgbseﬁm t hrough the
filter consthgclic@Redifhie hﬂem?ﬂ%hﬁﬁﬁ Jasﬁzsu bfpeons! ! uction |00

is secured inits ro construction e tral edge of the

medi a const r lg¥enreof fiptss. \Mﬂﬁﬂvte&mﬁ%@ﬂveclwlyéaﬂr%?mbaﬂwghaa Ilne 160 (Fig. 1
) to secure Eﬁfgpbﬁxi&:idf&@ﬁ)s@ﬁﬂ@n&@th%hﬁ(a&%&iﬁﬁ@lua&sﬁééﬂf?’ﬁﬁgﬂﬁf tlhe IZII I Iter ]
construction or ead o - e applied along the
li ne 160. ?wngfaﬁﬂﬁh“'g’g “b‘Uﬁ'S‘D’f‘ifgd @d%&}ﬂggﬁﬁ‘% "% ention is again
di rected to Eid@faltdmatingnfifids G6. In soméy@efsred systend, bativihd rgendbidd 1B shown

schemat i ¢ r LGl ;gﬁ es including the
open ends 15%“15%5%‘7?0652 Q%%giu%?ﬂ@ %a" enluc;:'ftﬂwglll Ft CJ°|' be under st ood
that this seWFfGPrlalliQﬁQ"sas%@?@ﬁ\emsawﬂmﬁ@fi%ﬁ'es ta fisstead YepddB f ace 110. For
thﬁ sake of f-?;'b&ﬁéﬁaﬁéht@ﬁ%e@r&dvmﬁoﬁiip%snt%&h&ridawn@&t@re@sgﬂ% depi ct led in the

ot her remaining portio w face ottom plan views,
as wel |l as sl“&g“g'i’sg\'fé{? 3%51%‘%]'3 “‘g?ld%wﬁ“lofsi’?lhf)‘ ne"‘%‘abl e in the systens
and ar r angemnméaviags fhesapositirodt dnemsingofaircendd efthaohdid constneipe?sd Ty and commonl y
assi gned &) Snufah £k BB BAUIAoyRE e fkailBnau bt 3 udedhye (1] €0 Febr uary 26,

1999, and entitled, "Filter El enment Having Scaling System" herein

i ncor por at ed°HYed e flErsppstpction 1O beyucistly 64 SERPGIingwitte®a fi | ter construction
100 i s shownrduisd al | ed in a housing 305 (which can be part of an air intake
duct into an engine or turbo). In the arrangenent shown, air flows into the
housi ng 305 at 306, tWheowghmedirecofisiricted in thedfpratof medis comstrdadin 12and out of the

housi ng 30S @iy unM\@.%@ﬂJ‘a’eQJc@asQQQéM M@ﬁdt&ﬂaﬁnh’%ﬂ‘iﬁ alﬁ.d:@a‘éed%}' ter
constructjons 100 of the type shown are used in a duct or housing 30S, a

seal i ng st BAThedsd oo 19e é’éiﬂé’&‘“ﬁ"ﬁs Bh BayF it ypglfeam pds 1468068 t hr ough t he nedi a
const r uct i onThe@flteredMlidflowt iiainpehyipaScpasstthrodgie the ddwnsigannams Mool G 5, show ng

an ent ar god.  LhAERERLA 10t B Aol LY 14F QOSKEHEILQAH00 T nstal ed i

t he housi ng artlc ar seal epi cted includes a
frame constrﬂlébi’aéMolwﬁ‘haﬂwéafommwmugh\ﬂ?éhwmcs‘ 138ge of sealing

system 60 i Sptksfihs 1320 Qs e HFMRer&ARRAPhSS inkddph bRy Rl A68: e SUPPOrt structure
or 25  sheets 132, the fluid is cleaned or filtered. The cleaned fluid is indicated by the
unshaded arrow 150. The fluid then passes through the flute chambers 134 (which
have their upstream ends 151 closed) to flow through the open downstream end 152
(Fig. 1) out the fluted construction 122. With the configuration shown, the unfiltered
fluid can flow through the fluted sheet 130, the upper facing sheet 132A, or lower
30 facing sheet 132B, and into a flute chamber 134

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



backi ng agai nst which the seal nenber 2SO0 can be conpressed against to form
a radial seal 172 with the duct or housing 30S. Still in reference to FIG
S) in the particular enbodi ment shown, the'2S frame construction 170
includes a rigid projection 174 that projects or extends frond & AUBadd)3a
portion of one of the first and second flow faces 105, 110 of the filter
construction 100. The rigid projection 174, in the particul ar arrangenent
shown in FIG 5, extends axially fromthe second flow face 110 of the
filter cons&,éw;sw‘pn 100. The particular FIG 5 enboginrpt,shows the
projection 174 axially projecting abéve 30 the entire second flow face 110,
due to the pI&na%ﬂ!shna@ecomqnbrel%mmdtrfclumtacsotlcb@ugaﬁons BBrangenents where
the flow fac ~ ~f~J ~ ~~~
WO 00/ 50149 %épdwo%?éﬁwisgﬁdgf%gm%&g%ﬂgan %e‘%flgﬁaeduto proj ect above
only a porti oWithgtt thepne face Fegt 1336k In thmse tyeex efipsngemepts, thg nfedigist o- coni cal fil ter

constructi on, cohdi@diin rzewtudnciweﬂe@ﬁae@émmreﬁdaamae&lmgedgaaare the core that
ext ends above th i Cct stﬁ?lﬁggoss- ectional viewthe

cti
particul ar fr?i’ﬁ%s'ee[')‘ VJ"E }8?{3'8% ‘ggﬁ”}‘gab&%"ﬂflatf%l&d?ﬁx e R G O the
proj ecti on 17idadimhendrrailicesdges. Byithe tarh "logdipp elgt"cit is membiheled g, thal Wil b 0i ned by an end

tip 180. In ﬁnﬁ;:@%%goa&re@&aﬁmm orqa]mwél&:wc%& n@ &gcond sides 17G)

178 will provide a su port or Ing 't he seal ne 0 such that a
seal 172 can BSURYP [9%‘!‘%6’@% Hﬁéeﬁgﬁﬂ%&m%%d%‘é%ﬁ’!'@d side | 76 or 178

and t he appr ofhstidtin, Gpoh EaapRiidfof hE@mA bisehigk pRicessiuct . When this type of
construction is used, the 10 projection |74 will be a continuous nenber

fornmi ng alel osed | oopTitleadied adgennd BeArling Gge shpuld BElsvealed Babcamberber 250 can
engage of e b aRPiko | ok ihdhehontifhe Uitk S Werstl Wifnk it ik i | 00P structure

182, or the exterior side op Sstructure 182 en engagi ng the
interior sidecolgnthest ypes af medig prnaiuptises 13- SVhiig 9 numbgreof wiys pre pestitder  2S0 can be

conpr essed berhw@nnmh&ismfc@mmbw.dg%camdmaammwsafd) menber inserted wthin
t he | oop, such th nQer 250 circunscri bes

n
the tubul ar %tl; Sh'ﬁ\fé é%ohw}ﬁélméelcms(’ég'lmﬁg?%%mand agai nst the
out er portth omatbfcxttdd@g(rqrtylhb @p lam;md@no helghtienn Btejakpdger(orgfrongthadetidm 76 of t he

proj ection 17&%@9&@%&9&{1@%%@%& &B%)mmgTJ},eaka@@JtmgﬁgmﬁWZSO can al so

engage the exterjor portion | oop. structure 18 en this type
of construct |R?H“§°§apﬁfgéﬂh°"é"kﬂ%ﬁn§'1d%siﬁ'ﬁ"‘&ﬁﬂﬂ“%?’% cborYoeUfifEcri be t he
proj ection 17sﬁeearBdBIa.mmpssetetroua)t-mg"aamkBﬁabmﬁdhdwtgambfemsmlscamnber 25Qto form

a seal bet wee| 'farl{[jlﬁ“gal n§cfothfanq%l?sﬁyms{hggocygffg e eg”u ection 174 and an

i nner surface ousin ParE S rEr T ed arr angenents,
t he seal ﬁ@nbieadmﬂmce\fvi@hgelsnberrofd:lﬁve\t'apeb@ftswlaetfmavh@lsﬁﬂ"é?ms side 184 and

exterior sid ethéls@@alpt)netughgle LnQQrQJl § h ﬁdﬂfﬁaHrE@scé&Zavallaﬂc Bom fiBEFuRa@rded cul ar
enbodi ment shown in 250 engages the end tip 180 of

the projecti o'r’f"l’?‘&‘“?%‘a 'l"1ﬁ7d‘§‘EF6?'i‘° ﬁ‘gla"?“gﬁ“%g"é menber 250 covers the
projection 174 from t g Gxhehl QlaiathtiGucddiGes, Q%QJbetdtkﬁea%W\et'% 1.80, and to the

interior side 184.
system designer to 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 provide 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 filtening media shapes, such as filter media having an oblong,

oval, rectangular, or racetrack-shaped profile.



Attention is directed to FIGS. 4) Sand 6. FIG 4 is a schematic, plan view
of the sealing system60 of FIG 1; FIG S is a fragmented, schematic)
cross30 sectional view of the filter pack 50 of FIG 1 installed in housing
305; and FIG 6isa ~C ~.~~ ~~~3 W 00I150149 10 PCT//g AQ%S}@M
schematic, cross-sectional view of the frame construction 17

sealing system60 of FIG 4. In general, when using frane constructions |70

such as those described herein, the frame construction 170 will include a
frame 205. Woadmane 5 205 may be a ,yarl ety of shapescTusetskie particul ar
enbodi ment il ust rat | n lEIIZCIOCE\W% n GEO ewocl)l}“d‘glg‘e frarre 208 is generally
circular. The frane 'S convenlen |nthat it is

arranged and Osmférglﬂﬂedclfu@rof&mmhn@nﬂsmﬂlei@W@eclewdolw/mﬁﬂ)f ace | 10 of the
filter constrigh lz%QﬂhexﬁﬁfeWcB:'rJ&ﬂmﬁsfb‘l‘%&nﬁéa@ds}@et 1% E&Qﬁmﬁ\a”' cul ar

arrangenent depi ct ed, frame 205 has irt, or depending lip
251 that is derled 'aﬁdﬁwé‘isf‘lf‘fﬁ'lf'&?‘"?fh?!"ﬁ%“gﬁ'°lwwlEfF"é!ﬁ%&eé}' Preferably, the

i nsi de di asretfe,fntm&ﬁpﬁtamwtoeteyo;ﬂqualedg‘moh&xﬁnmutngu\damdiuamter of the
filter constr 10 dependi | i Leqd8 ds or ext ends down a
first di stanc%;{r g’ﬁ?{“ Qhetﬁfsm%mf%'% %ﬁ"s&gmémg e‘l%ggaaces 210. The dependi ng
lip 251 is arlinaenydens thatoughsies; Ql)rlbcbchmfbgfs@hwsraamw@#hngﬂemghd the second 15
flow face 11thsh&(thdnmgaaorﬁeﬂﬁs,{gummcd}%posﬁ@ﬁ&rnhen%x@@é@/ to FIG 5, in the
particul ar enbadi nent depicted in &251 extends radially
around t he séBBM"?WWé‘@@“ﬂ‘b“g&Fgﬁ'% F“f'l?fc'“r'@ oyerpginstiseleh t hat t he
dependi ng 16 i pindthén paitice wgdhei 16 BxanN el viith €he bdala bead i1 40 A ¢ e fembibigg Second 1 ow
face 110 of the filte nstructi o fini an _overlap region 255. 20
The frame 205°7¢ "’J l"i“"{elrzg v'"g{sh"cﬁ“’mg"c?sgw Hgﬁfw?' rmm'ﬁwf'?dtrjétl on 1D0. A
variety of \A/aylbdorou@ée!mr\éﬂtchedﬂ'awmgm to the filter construction 100 are
possi bl e. One particul arly Breferred way to secure the frane 205 to the
filter construction 1HEhf&etyods serglessonstpictiontcar bgpade from thegpediaar t i cul ar

enbodi nent depis@icsh mﬂbﬁhﬁnatéapmtcaes askhesibed én U.S. Patedt Blbod. Bsk3jog7 t he overl ap

regi on 255, bet 51. and filter construction
100. Pref Zsr abaf'(y\?%?ﬁ;ohgc lﬁ%l ve mérpm cfcm g\‘ 'l}’()t(}gesrm'?thwsfﬁ’rane 205 to the
filter const rrwémyﬁmi:t@ocwlwmed;bybapénu ng the fluid fromleaking out through
the overlap region 255 between.the fjlter c‘gbéltructlon 100 and the frame
205. In alternative eNBBYF TSRt joriREpssaas DO HEIUBE R rarily attached
to the filt ersyssth deognetwilliednt 10 ensl® Giat tisyputhitieepetiphenyof theanpoucaen 0y, " it 1S neant
that the frang,g 1ad, L uction 100 wi t hout
damagi ng ei t her Qﬁ)e sea??ﬁﬁ%%?’g%feggm&% Ohbéo%gogﬁl&g’gﬁsg?r uction 100.

During usé0 of There g erishpef ways te deeomplighdhig dpewt witliatiane thaousidswar d f orces are

exerted arourpdu;iha@ns@bweumwz{@n@ﬁryqﬁyertmpéﬁpawla?e@s'imng@ssormaces 210 support
t he ~ ~ ~y~~ 2(100/50:]I %05 By the term

a
"support, " |tadh°§“'°rf% hr’”(Bss F&%"é‘%s’%%?@\/gﬁ? the frame 205 from
radially col Ilmmgmmpnphémelafeowmwtbo@mosuktremruumfrodne ci rcunference of

the-frame 205, & priVGnt 85 %ﬁp@s&m@u@tﬁ%uﬁﬁéﬁeh&%ﬁfmeorol ection 174
depicted 5 preferabl é@l ncludes a tip portion 263) aor annul ar sealing

support. fth tiyer cppsime dPta“é‘a‘a‘P‘Hg?ﬁ'P'é“"6°“3‘H‘ﬂé"'{“i°1!ﬁh|9‘6|f{“i’on 263 is general ly
ci rcul ar and costntisgnatnged and configured for insertion into a housing or
duct. When circular, the tip portion 263 defines an inside dianeter.

Bet ween the tip portilosenR@blicatiohsttheefilteqastradtiong 00 isgec@®din itk lokiedf r ane 205

includes a sto@.em?cﬁa.byIéaﬁ.g%m.?g%@gcrar.ﬂy.ms%m@t&nams\L. Qp area between the
| arger 10 inside di aireter of Ben ing lip 251 and the smaller inside

di amet er of taﬁless'fﬁ%scﬁm‘fwﬁhgﬂaléo(ﬁm r‘PE’ﬁ'ﬁ“s‘P'r‘fPét“éEFgaE(':'HPHf'ﬁ'?g to the
arrangenepd Sl®esloftha fiftdr Eobstrubtioa . Bor ckalhle Laibpad o Olict-meltmagdBapplicavi des support
for the conprgssible seal member 250. The conpressible seal nenber 250 is
preferably cons ructed and arranged to be




15 sufficiently conpressible to be conpressed between the tip portion 263
of the frame 205 and a sidewall 260 of a housing or duct. Wen sufficiently
conpressed between the tip portion 263 and the sidewal | G? @g@ $eal
172 is formed between the filter pack 50 and the sidewal | 6@ varlety of
ways are possible to secure the seal nenber 250 to the 20 tip portion 263.
One particularly convenient and preferred way is by nolding the seal nenber
250 to engage, cover, or overlap both the outer radial side 270 of the tip
portion 263%M%4%e inner radial side 271 of the ti FPYSPPSH 263) incl uding

thedend [ 8 180F|(g| G7'“7°?'r'ﬁ"m@“fﬂwﬁbw’@“ anbgoh miemona;ﬁo\uadesl con}‘l guration
is depicted i e S menmber L, i n 0 etely covers
the tip portllg?l Fgyn schyzmatqally- ¢ °t5°'b%ﬁ‘l°8ﬁ‘%g7(6)'§w§\&hgﬁ'§"qfsf’?§lﬁ§m%5 defines a wall

or support staperchdsi & dpddlasaiendsd faradypicta It stnlddbuiertedital tiseal 172 may be
formed by thesec%&lﬂﬁﬁ E?fg}e%ﬁw@&%lccmﬁmra&?% F&hﬁsﬁeﬁmaﬁ‘n@%@“ of the

conpressi bl e seal ne seal ing system 60 I's preferably
suf fici entS t FitPlsivh the fuistprefiot depistpd 'ﬁ[‘?ﬂ%‘?eff"ﬁ’é’éﬁ"ﬁwf?"b‘ff&gﬁ‘l’@? of no greater
than 80 | Dbs. ,1wynabsnalbb:y,mpn@wgﬁseatuenastsiaaaevmninbrawsorﬁﬂnera@kmxarrpl e. about

20-40 | bs Light en em t. conveni ent and easy change out by
hand. Pr efera“r.sﬂq’l ‘g &t ‘f‘“ﬁ‘i’"cg Bis7iee °‘8‘ﬂa’8?°"t°he'"€8ﬁ%ﬁ‘$'§§%‘rb| e seal menber
250 is at Ieapsmmmlyfab%w p% Pgenipplipriaf Serid Nb.29/mel, 193, G E@nmaﬁ forty percent,
and typi Cal | yioRebiefiled WRH!enGiatib Sehify SCHS nER Ry * aTOUNE O
conpression” it is neant the physical drfsplacenent of an out er nost portion
of the sed? e+ 250 ~ 6 ~, 1JG 003 V\D 00/ 50149 12 PCTI US00/ 04557

radially toward the tip.portj 6 S aqge of t out er nost
portion of the seal rr’te"?%@r“mﬁg%&f'ﬁ’%@gs??“sg'c{mq%l s’[°“'?8e‘%lgﬁf'ate and not
installed w tahowing 3t (etichgm bs pdgj of ot airtintakodugieinto fromgieser turbopit bt i on is directed

to FIG 7. FlnedneShd, & Hofd ﬂ@ﬁcﬁ&gﬁiﬁk bGd6, RrdufARETRBL €d Vi ew of a
particul ar preferred seal nembe i'n_an _unconpressed state. In the

preferred entSeRHHHEO% PRIRP °“E“h‘?9“%‘§é?5 %24fb SYhen mesdis consiuctipns susbd cr osssect i onal
confi gur atis ons ﬁlfcrd&ﬁ:ﬁ‘x’ﬁ@&&llGlgaf(hbliyﬁd’sﬁﬁ&\tardikdﬂmualaﬁho(lﬁlgaﬂﬁber) when circul ar)
froma first erllld 25§4 o %it g%rt](gmseupq?a% 3 Sftow &Eacht’lhce"\]/ desirabl e sealing.
Preferred spem?%séa Ions 7 of par i*cul ar arr angenent
shown in Fl Gwrﬁm@ondﬂ(éraéﬂsrtﬁaob)rpm a poI yur et hane foam material having a
plurality of (preferably at |east three) progressive I ar ger st eps
configured to interf &R P RIO: §|S‘Ef(‘-3%§|‘"f ?’Fﬁ"@‘ ‘5‘}/ provi de a
fluid-tight gtedconsthiatondriatiaidn tht Duseabs, nﬁﬁhﬁﬁma&’éﬁngﬂ@fnmﬁs a gr adi ent of

i ncreasin U] Wi th the sidewal
26U. Speci |cg‘ﬁ{tgﬁlcmg&?E%ﬁc%(é&éu%éms‘% s%gﬁﬁk%crszt %H’gt conpr essi bl e seal
menber 250 déﬁﬁ"?ﬁe%“ﬂmfﬁoé‘é‘s%‘tWZW‘mgﬁff17026’8‘5“?H'§’P@H9§‘§“r@5‘éct| onal di mension
or width of tbh&mgsgeaawﬂiaﬁheszﬁ%cmb%ﬁﬁobﬂ%aﬂm&ed&ﬂn&wf&hemmhe step 266,

267, 268 is fgag S conlg gjgeg %65 of the conpressible seal nenber 250.
The smaller & t‘"é SR8 d end 26S allows for easy insertion into a

duct or housing. The s{ﬁﬂ'&?ﬁ‘émﬁéﬁm ey il akilﬁlﬁarehﬁéﬁncﬁt'}f?w%% 20 ensures a
a

tight seal I n gener functioning radially sealing

structure? HF@"‘E‘ES’H’HH%Q%WBP’@‘“@&%H'&‘ %é?“‘?‘d@)‘“ﬁ@@&%“ﬁﬁ"ﬁ%ﬁ‘t?b’t‘rpr essed when the
el ement is mwmgdudnmrénberm:ga%caﬁb 5o@facﬁm@5§llf0b?hmﬁxy pref erredOI f
constructions, se en ahout fifteen percent and forty
per cent (of t & lé"b%(ﬁ‘t%?cag%fgfff 6“?% “feﬁ’?“gcé aﬁ%‘“ﬁ%?‘ﬁ%%\?“ﬁf its thickness,

in the thickdd@. SW\endsma)lyfmnqbcswnd@mﬁfmelw@ﬂw@hgcqns}wml@eal yet still be
one that can mwc&mfpi@%ﬁamem%méa&,x% ﬁmmp d}e&ﬂgmvew th forces on

the order of 80 pounds_or |ess referab pounds or |ess, and generally
20- 40 pounlis . thectireseroad Bqw face 10, due %t@wlapaaew%meszpnséo‘aﬁfcéh‘bed and confi gured
to be 30 pregsadahdemagpahirs the Hdvefa&listommbrar, A00as@hstd-sogichanesi ng 305 or duct. In
t he specific enbodi nent shown in FIG 5, the conpressible seal nenber 250
is conpressed between the sidewall 260 and the tip portion 263 of the frane
205. After conpression, the conpressible seal nmenber 250 exerts a force
agai nst the sidewall 260 as the conpressible seal nenber 2S0 tries to
expand outwardly to its natural Z ~ ~~~1~ ~~03 w0 O0O1501~9 t 3

P~' ~SCat oess~ state, formng radial seal 172 between and against the tip
portion 263 and the sidewall 260. B. FIGS. 8 and 9 Attention is directed to
FIG 8 FIG 8 is a schematic, perspective 5 view of an air cleaner 300. )n
certain systens, the filter pack 50 is designed to be inserted into a
housi ng 305 of an air cleaner 300. The housing 305 is typically part of
ductwork in airflow communication with an air intake system for an engine.
As used herein, the term"ductwork™ or "duct”™ will include structures such
as pipes) tubes and alr cleaner housings 10 A varlety of houslngs are

=~ I - I Y




20 conpartnent 310 has an outlet region 330. The outlet region 330 is
designed to allow the fluid to flow out of the filter assenbly 300 during
use. Simlarly, the second housing conmpartnent 315 has an inlet region 335.
The inlet region 335 is designed to allowthe fluid to flowgm?a!-ng i | ter
assenbly 300 during use. In preferred constructions, the housing 30 |1
be an in-line housing. As such) the 25 outlet region 330 and inlet region
335 are coaxially aligned, to permt air to flow through the inlet region
335 and f | owotehosasigh the outl et region 330 in the satgusthi@sti on. ' This can
be seen in FIG 9. The filter pack 30 is preferably constructed and
arranged to PRIgoRd Ycay bedesimaddq projectabaveqplyapartion githefowface. ¥o5,5i ng 305. In the
illustrated erdapd]inembstolcbnidlilkdconstnfion] hee Seld beutkeragodidtaf the filter pack
50 with the attﬁlche frame 205.and cg%gg essi bl e seal nenber 250 is inserted

into the first nousi nagtjﬁxcorrﬁ'aor"ftr'%c\e'ﬁr?’e he filter pack 50 is press-fit into

the first housing conpgrddaRida Rk edibhialvida Re palibiftar GRANLARSGR] € seal menber
250 is con})ressed_ bet ween and a%gi nst the W gsgrt,i ona. [/~ ~~-C~~03 W
00/ 50149 14 P 4PiehdFGaksst Fiss Mspropertion { 1 ahemdesss PARY °PeE!®si dewal | 260 of
the first houkiks1@s, ¢t8ipad byareid ipl80. I Geféred mangeoherad, org@fthe Grstand her ebet ween.
During use of . n . Lcted, | , ,d enters the
housi ng asseﬁ%c?)i}%fggs(r)ﬁgtl tﬂe& |Lvr'1 ggdp%go?%Jﬁﬂ%{’s&gf%t"ﬁ%ggéidgﬁ% housi ng

conpart ment 3hagassal 172igar g dorqgdibetwech end agdinsiibe selected oide 174prd 78 andihd passes t hr ough
the filter CoRsihMElimBotioushBoldie Whelkish RRsRSRmidsAYa he Til ter

construction 100, contam nants are renpved fromthe fluid. The fluid exits
the housi Hy &eietBit{? vathbs agpntipyous rasmber derming yelosed laopgtrucpure BREIG r ect i on of 307.
The conpr essidpl me eaalembe pd9esn edage @ be ddja@niaedhéragin@ije tiaenséor heor ns r adi al seal
172 to preve 1N 1 Ui r Pt i ng assenbly 300)
w thout fi rs?&Bg‘g‘_gﬂL’%gbf ﬁtrlhggﬁ%mﬁdgléﬁiofﬁﬁ&c%%c%légtwﬁ c{‘kg%'.%g C. FIGS. 17 and
18 It shoul d tsénteaipride d§4f belloopsimcturer 82, fhe Feakipember 2RO BObecamprissde addi ti onal

separat or s f w6 id piofadioh V@ and B uidRRIBR ids@ LwitBOhAEopOuctha tering i s
conducted,_ The 15 se;i)?tra ors can_be eltherﬁgﬁéﬁream of .the filter pack 50
|

or downst Pearie8roiefYe8 1142pq 53! member 258 greumispis, BPGRCE & par ti cul ar
appl i cation awddfinea ddigliscabigtweesod 58nst hh@seps@paftxttgubr wamvet ake the form of
pre-cl eaners a%)({\rcs)%% g&?ﬁéj(;afglg%ﬁcﬁmp{mﬁg@&éﬂepesm%es,sﬁ)such as safety filters

or secondary ters). Ion, these separators may be in the form of

single or nultiple | apeEes nibdr2iot@r alsh ehghR e BxteroportioR ket the1er upstream or 20
downstream ofl the fi E%zer construction 100. g%&thi I te(ﬁ tmadi a used in these
appl i cati ons 'SEP oS B§%c aVhey s P e d PRE PSP 52 OF0R T NE "egree of filtering
desired add tch@msomiputinprajtiand B4 and lodpi soveturaiiS? Delutiredhelssel éngbef250t er nmedi a.  For
exanmpl e, It P RBch Ddbeeh Hha Ghilndt B Dut@BRI 176 ke PRFectiohizd a desi red to filter

out large particles (that i1s, debris such as | eaves, butterflies, clunps of
dirt) while iMFeYReIilghuritgréchpre additional restriction. 25 In this
application) a layer .of nedi ch eve cre can be used
upstreamof the fil té&%%%g‘f‘?‘ﬁ%?‘?‘g%%?ﬁ%@ e?mngn?jg/&zza seggagée;oﬁesi red to

i ntroduce an cexdubeth efithelintesintsidn 84@hd ckietiar gidq 186jofjthedqop eivpmys i f2edm of the filter

const r uct 39N 1QGhicutblintbo&RAlht MEwRE FID) tHe SBGELmBYY 280 dnghi&ineRiipTUl ti pl € [ ayers)
of media imedi ately downstream of the filter constructjon 100. 30

Attention is 18 ¢f&epiaigetion ! T pgarellqsych thay the scal mempher 250 £qvems e praigetig oy nat j ve

enbodi ment 0f174 fen the dxtefidr sipiB oeDthe &l GyIBOGAAS K irteyioaside B¥. . The filter pack
50" is configured and constructed anal ogously as the filter pack 50,
illustrated in FI G 1Atepionfs dirprted tndd@Hti Somd 6 FIGHds £ §cheyatid, plawy f ace 105', t hat
c;)rresponds tviwaNthtl R8ling §31in @0 of FIG.11 (#1615 ieNklagheted, schdnfatic, dréssi-| | ustrat es an end
el evati on ' - ' ' L@~ ) .00! 50t 49

PCTI USOOI 3645557&%9{}%4\,?“&6%1,%%& ﬂ%‘gf {Fég%St)gh '“(11%6‘6‘;’""?%@% %@ﬁréé{.\;@é%i cular filter
pack 50 illustrated in FIG 17, the entire upstreamend 1 O6' is covered
by a layer of nedia 10T for separating large particles fromthe gas stream
before the gas streamreaches the filter construction 100. Dependi ng upon
the application and the desired degree of filtration and 5 restriction) the
medi a 107" can be of a variety of types. In many typical applications, the
media 107" wll be sized to allow for the renoval of particles such as
butterflies, |eaves, large clunps of dirt, and other types of debris. One
type of nedia usable has the follow ng characteristics and properties:

pol yester material; 50% of the fibers being about 15 denier and 50% of the
fi bers being about 6 denier by weight; the 10 binder holding the fibers
toget her being oil resistant rubber nodified PVC, a basis weight of 6.6
oz/yd2 (224 g/ n2); a thickness of about 0.37 inches; a perneability of
about 3500 ft/min a 0.5 in. H20 restriction.



As descri bed above, it may al so be desirable to introduce separation
downstream of the filter construction 100. One exanple is illustrated in
FIG 18. | 5 FIG 18 is an end el evational view of an alternative

enbodi ment of the filter pack 55, as viewed fromthe second flow face &310
The filter pack 50" shown in FIG 18 is constructed anal ogouslyh a&l% H8!
filter pack 50 of FIG 1, with the exception of an additional separator |
11" | ocated downstream of the filter construction 100. Wile a variety of
enbodi ment sygp@ea®nt enpl ated, in the particul ar enbegidseidsst | | ustrated in
20 FIG 18, the separator 11 1" is th the formof a layer of media 112"

| ocat ed downgthemafin BFssseswonpliviey of thefmmscpnitycfion 7 ofgly seafipgsypeer of nedia 1 |
2" can be eitéhefFIGmredi atel y adj acent and against the filter construction
100) or it may be located downstream of the franme 205". In the one
illustrated in FIG 18greRlewheaying famq eonstjugtions {1 sheh psdhase ownst r eam of and
agai nst the fdedctited haon gt frangd dosmucdiQ0l 70 Wikincluds p fraree2025Thedrdin@ 112" i s | ocat ed

bet ween the fjl ﬁ,s‘yrbeqom{yroﬂlraszdemnép&nmﬁem@da.ﬁsnpmunsm?m.2,10" of the frane

205". The typge of dia 1 "utilized |t d d upo he desired degree
of filtering ﬂgfﬁgﬂr’f {‘nghcafﬂﬂﬁ?w 'SCFF”cF”h%f'Pﬁ&'t ﬁ%cnftmt"ﬁgpse‘!ggmfﬁf'? {)C%jﬁtsed. The nedi a
112" can be eaonyenigpt ia thatitiearapged pndicenfiggred fprpftachaent foithetsprandofipey j | | ustrated in
FI G 18, the madim oidefiedtdnitnabnd®s nonwoven, nonpl eated, fibrous depth
medi a 113". One usable material for depth nedia 113" has the follow ng
characteristics: 1 | aRe&mingpowytodlGy 6gn th pasipnlay aragpement depigted, thso| yest er fi ber
dept h nedi@ (finx 203 hbd dbaddSskirt, & .dbfendidg i @51 thdl &-gdBrallyirchilriackiness freestate (as

measur ed undefs;dQaQ0Ge PPk SRR GRi5¢ Qibleter R YRy & wdcamet er about 21.(1
m cron (nmass wej ghtecﬁ ave:@ge or,ab%gt 16. 3 mﬁrgsn }Ie gth ~ ~~ """
2t ~a~ WO 00/ S8agtiamelsr fdhe fiie sansistion 1 'oh f@erding dp g8 Ff““g feabi ity

(mi ni mun) 50@xtErds dgwn a(firs] §Ranpg fromrs bptionf 253 eurteatf erossbiaped 20y Tbout 0. 6- 1. 0%
typi cal Iy abQefendnglifns it artafiged SHal SRRl 18 tkidnf Abliallybrdufd hédebbn@ppl i cations, it

will be desirgd.to ve. .a filter h el bot h an upstream
filter 10?’ afﬁ’a fa{fl g\?ﬁ?f#?é‘é"fnw‘gm_’f"il?‘?g{ié&%%i}}?%}: kﬂ?‘(ﬁ&‘%ﬁﬁnﬁm& tention is
directed to Embpdiment depicted, thy dependinglipgst efiends pdjaly groung tsrsecoptfioter enbodi nent  of
a filter paclkacdb.of ihafilkeh@ediohg tswch Gt tirdepbedingclip?d) extends ifitiohrd ¢ pack 450

i ncludes fil tepg giRAL & A SRoRAMw facS A8 bf (ROMBYSh&ARHR oo, dERGnd dnl t€r media 455 is
10 designed to remave contamnants froma fluid, such as air, passing

t hrough t he f‘)lv‘f'{a%rrcg'ﬂ‘b%f a 45S. The sealing system 460 is designed to seal
the fil teﬁot neditﬁ 4f5_5|'f-h@frﬁnJ'llg?ﬁip%ﬂra&S'_sc%M&{)tottk&llt?_@&&tﬁidébnﬂb@fﬁ][ _rlefl

arrangenent s, e filter ia e configured in a filter

const ruct i on ‘70 R °as°?"frr°$1§°tfm?‘f g’\?ﬁ“&%@%‘ﬂgﬁﬁﬁngdrédbeﬁﬁsé'g}et e) 1 S second
f1ow face 472nepyiculaty ropferqed wey tp seewreifie frasne2pio the filtercopsiryqiond 8 t i cul ar

enbodi nent i lid bySiber i bredhdsime. b (Be paftibplatembodishdnt depicledin $1G. 6,aké on 470 i s
configured f Qinesildidridbd ih e AL rigioR %5 bEHesn FERPRdindiH BYX Rladlened above, that
fluid to Pse fleItered,V\n IO enter the first flow face 471 in a certain

di rect i on* 47 7EEPENR % ng exit the second flow face 472 in the sane
d}rectipn 47?_ {FIG mafmb%@m;fm%s_mb&fxncagaﬁixesurfetdagﬁzﬁlpmt@an Ihave ?rb vg_ri et%/
of configuratjons and cross:sectj.o s,.. In the particul ar enmbodi men
D1 ustrated iR .cﬁ" Cl,05) il PRt g B3R iaking ot &"f’ﬁg‘ﬁgcs a non-ci rcul ar
Cross- sect i orfveripregian 355 ejivagn the fikppcopsmetiop 160 sadhetizmefiY: 18f the filter

const ruct i on afletbhtitembadimai; thaftaie 2@ may baeapdraitkatiachédas the Slct | onal shape. By
racetrack] GRASRSOmh! SN eAPRRGae LS mIHAN: wk ithe Jobfaf b tET 25

i
construction 470 j ncludes first and 'second semcircular ends 51 |, 512
joined by a pEPPUfomdts Hrrtsrilighidh pihos gmagg fither the sealing system
60 or the filter construction 100. -
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



In general, the filter construction 47U will be a wound construction. That

is, the construction 47U will include a | ayer of filter rredlathat is funmed
conpletely or repeatedly about a centerpoint. In certain pr?f 200
arrangenents) the 30 wound construction will be a coil, hat' "a Iayer of

filter media will be rolled a series of turns about a centerp0| nt. In
further preferred arrangenents, the filter construction 26 ~ "'~ ~~=3
WO 00/ 50t 49 17 PGINS00/ 04557 470 will be a rolled construction) typically a
roll of filwevwsamsdi a, for exanple P§ rreabl e flut ed Petoseoassedi 2. Many

different ways o acturing,the constru o.on 470 can be used. In
sone t echni q%’@'g?%gp’g?'ﬁ’éfcg fs‘éﬁ% ?ISIW%V%}TCQS& LR et | ter nedia 122
5 illustrat ed'a'i"ﬂ2qslﬁeﬂ'@)ﬂ"Y@'IMBhwdebe?mae’t?é‘?ﬂta&"ﬂ%dreI or other structure
to provi de a chaifddntpf efRe205.0r Wi ndi ng. The center mandrel nmay be renoved
or left to plug the center of the filter construction 470. In the

particul ar enbodi mentRe&séngmeainio FGp, te partigylag prpjectipn Hgdepitedq js j| | ustrated as
occupyi ng & heretexblyascludds atif BorGani2k3, of anfnildr se@lingRepgora 14thbonelepidied FI GS. 10 and
11, certain w;b'@néuégt 263 F el ey RN MadgBond Lt i ! udli gt he

open and cl osed _ends shqul d_be "under st ood t[;%t h| s ortl on or section
475 i's repr edBHIGIMOR %‘F‘“ﬁ‘fﬁg“"én%ﬁ“é“ﬂ“ 3 fhe fip paxtion deas the first
fl ow face 47 Uianeter-Brtwedndhegiapertianf263 hradthetdgpending hsilﬂpihc &me)ZOSt he flutes am not

depicted in mﬁ.d@tala@;;memsabmpamduaq;aﬁs.mm%“umm@&e 472. Top and
bot tom plgn 'y {%V\,é‘hchcroy\Eechen a1 3 o ee\’xf'ﬂ‘} ?&%lag‘étgeﬁﬁmi’f the filter pack

450 usabl € in Stens rang enent. escri éinare depicted in
copendi ng anc!l’°'@?}h3r?6nl y assigned U S Patent Application Serial No.

29/ 101, 193, filed Fe LY, r Elenent Having
Seal i ng Syst er‘%' her l(g\fbﬁe{;]‘an %Qﬁ%%?orahga%%g Brga%émc#t%jdw" "ﬁhbig ith the

enbodi ment ofe"4. He "&P°"E‘1‘1@63f9'?"fdé?s“B&E@’&BW“i‘H‘F&?‘M@ membay g’eal ing system 460.
I n pref err ed Toowsipressite seahmembiehZ50 $sqpadfarably consgicerri@fangniob )des a frane 605 and

a seal nepperufBuy Wiiphsidk & @Jdoﬂ}:rxss&fbe%fﬂlcgﬂ wlén%ﬁofamas@ nt enpl at ed
her ei n) one %\{tl cul ar 60p;ef erredd&mcngﬁmn ame (05 is shown in

perspective VIewe f AR housipg of d ?’prﬁsf? bﬁtwé‘?i‘ent depicted in
FIG 12, t he theftigrenigdss ﬁrdshca'dwﬁlﬁq raé!allsea“721*5<fime9<%awl=rethe Isr ound and in
parti cuI ar, agadkagaidniacidesdnape and i s arranged and configured for attachnment
to the second end 510 of the filter nmedia 43S. articular, the frame 60S
has a band or skirt 0‘?‘""’d’é‘pﬁéﬁ‘tﬂ’iyﬁtjc'P"isibb“B‘Bi"c‘f’h‘éfSei"én"g‘g‘f‘iéf%ﬁhﬁ racet rack
shaped. Tie diep@tichi243) Orepartdulbriyl@penids ant praoceéngss govadigg B0 di st ance from a

bot t om sur f aG&g) m&mer Bb 1dh &&&a&%scnb&&mzimeﬂe@ﬁ&démo}ma b1 is arranged
and configure xtend ra d)of filter 2 6

d.tao
~":j * wo 00f5Y ‘14@ 4 “WTN@E‘STB%?@?‘O‘E ‘st’f’?‘?f‘c%?d’?‘fn’ ‘?ﬁ)‘hﬁ ﬁngr ring now to
FIG 10, in t‘PMF@’(ﬁbd]"ﬁWtcu'd@mb?ﬁ"eﬂ)Ofﬁ*hfemﬁisp@mﬂl“ﬂ’gplflf%ﬂw}7of the frame 605
ext ends radi ahé sealatemtiddsd AEFIG @Completeln dovars hBtwportiohee3 1 | t er constructi on 470,
such that the depending |lip 6S1 extends inboard the distance from bottom
surface 652 of cross Bfkpestiog 263 afhe fipee 208 dedines adalospmpot the 5 fil ter
construct i on séuéye beledkénahdidgaitst whivied tadif) sdabiJR any eBbmé¢dty@e 15). The frane b05

can be Secur eitlsibibSal b6 ARSLdiblon By lﬂc?eqmb,&s@ne @afmgxberof ways. One
particularly g(%\vem nt vva Hﬂﬁzibfrecgln?’ft 5 to the filter
construction the geallng e fprm illustrated and
FIG 15, the lladh@mwwﬁsfrplwe}e@anmtbhm h‘mneatee'gm‘éﬂlb%@r bet ween the frane
605 and 30 example, about 2040 Ibs., and light enough to permit convenient and easy change

out by hand. Preferably, the amount of compression of the compressible seal

member 250 is at least fifteen percent, preferably no greater than forty percent, and

typically between twenty and thirty—three percent. By "amount of compression” it is

meant the physical displacement of an outcrmost portion of the seal member 250



10 the filter construction 470 as previously described herein. During use
of the arrangenents depicted, inward forces are exerted around the
circunference of the frame 605. Inward forces exerted agai nz% g
semcircular ends 51 |, S 12 can cause the strai ght segnent / 1 \UGSMBto
bow or bend. Structure is provided as part of the frame 605 to prevent the
straight segnents 5 1 3, 15 514 frombowi ng. Wile a variety of structures
are contenpl ated herein, in the particular enbodinent illustrated in FIG
12, cross bY4¥E8“610 are provided tg provi de struct BEESWHST dity and

support to thﬁ.aﬁyfoahrameuﬁf&ma@ﬁuﬁéw)mé%ﬁmc«%&nﬁ@snm%n%ﬁﬁ@ in FIG 12, the
particul ar crseaes qxraﬁgm“es E fj form}‘?u‘é‘gﬁ% lgéﬁt’%rlgémz bet ween the
opposi ng strarg Segnent s 1 yar i ncl udes a 20
plurality of SPW“Q!'@I"%‘{'&WS 614) pr ef er ably nol ded as a single piece with the

remai ning portions of rtal referred constructions,
the frame 605 is cons '%&re[hl}c mgﬁ:g?’%%l}s?[& & o prfarged schemalifs A such, and in

ref erence %oW%’be“F‘l’E‘f':‘”°ff2a’a‘ﬂ'&’R'8f° I5ea! ‘P?‘W%G‘B‘"“ﬁ@!ﬂm atip portion 663.
I n preferred sakr Bnigermtdembbdi@ent shpwip Gie bdaDimente2 58 & aagpped @sss-an annul ar

seal i ng suppqsctmmaaanftgneumm&wﬁga&e?m&emn& smdlme%crwn portion 663 has the

sane Ccross-sect I rati on r.construction 470. In the
particul ar eﬁﬁ%”i‘gﬁ‘gﬁf i T“ﬂg‘!{ﬁ o Eepnf f"f’dl;—!?s(ato “i‘?e"egﬁeabf"lsff Wortion is
nonci rcul ar, Peyfroed sppcifeehtiops fmrtmctﬁlaaxfkwsmleohmmqmpndﬁwn md&tG.i7npl enent at i ons,

and in refer eRGeRhswst Bﬁ)lﬂ&%ﬁe%hhﬁﬁatc@i fénﬂ;l yat G 13, between the

tip portions q:!)‘hreepd tergﬂve Qar g eeprs]glnpguedt mteéacéwuhtg { 6905 includes a
step 653. the Step o provi nsitlon area pe &8t he

cross-sect i ofEP- %\/i‘“?j’tl’ﬁ"'ti‘ﬁﬂﬂ‘ﬂ‘e "d’éﬁéhdl ng lip 651 and the snmaller
cross-sectional w dt ferred systens, the
conpressi bl e seal 4 2’%‘%"%’%‘ sgalplgr?%%:g&rdg&gsnaaﬁr&CWO?'" '6 the that of the
conpr essi bl e W& dipfpeiapeal suplagss fgf intefaging with the degyall peaifiglypm 00/ 5( 1149 19
PCT/ US00/ 04 5%t elmgpfeahauninF1G e Edmpteasiblepent lendliz0250idkfinetxtred sept al | ed i n a duct

or an air cleges, mumerag,ss-;ea.omam;.sfbnramﬁeweast@pﬁusl fabkons, the air

cl eaner housi.n I.llustrates an air
cl eaner 670 ha&f’sﬁ“L%fﬁrté)‘wf‘gesmng 5‘% 15 ngr"ﬁ'q%ssfcr?&de"é"}%é(’lfﬂ’c FIG 14, the housing

depicted is aort'mfs'meel@emgeéf%gmmlmdﬁmn@ﬂaﬂbe&em‘éwdemllm a body nenber
67G The coOV@r ey hsdlih indesduaidr budidgl Th¢ larpdr dlam@dr&t thdfve ebdy nenber 676
defines ag, aifdl.on;autl et 680. The housing further includes a precleaner
arrangenent 679 upstreamof the filter pack 450, such as that described in
U . S. Pat. Nos. 2, 887,In gehdralafiach plopt:GXn@0@ingiradatly paling stediubythe ef er ence herein.

In the one d%&’n&&sﬁge segl%nﬂgrgsﬂcgﬁ{&%cﬂm@ﬂ@% eﬁZninis%ohrﬂedt he cover 674.
The cover 674 ‘%%hl nc 3§§ies a xpel,s dust and debris

col l ected i n'tHE"PrE- ‘érﬁﬂcérmwp'%ﬁ"éwf?"%’m né °ﬁ‘§?‘?asf {c cross-secti onal

vi ew of the &fptveepabatfificengp@endnd fyrgpergeqt (aftrd abopoiemytotigy ek t er pack 450

i nst al | ed2s heeresm) bofitsithickldis inaRYTRIEKRS PortdnElo prodille IIRA3NGig rotkl séab CONPr essed

bet ween t he §§s§l'l%%Y}@ﬁ\&czﬁﬁgul??ﬂnﬁaﬂ@#&l&oﬂgf&éﬁ%ﬁﬁﬁm‘ﬁ Lhe frame 605. As
e conpressi

the filter ck 450 Is press e seal menber 650 is
conpr essed b dhegessr f Bepusdy a5 Ipss preferably S pgyads 6’0'5”(”'5‘ BRFRIMYy, in the
particul ar embeds.nent shown, the tip port| on 663) and the sidewall 660.

After conpression, the c essi bl e se nmenber erts a force against
the sidewal|l 660 as tﬁé"‘%%?@%?’ﬁlf@% I“’?Pé?ﬁf@?"“&gﬁ"e?ﬂt@s to expand 20

out war dl y3@ o pressfiregtius té sidsivalt 260 of tyr hoirsing 365 arduhit.alh thsepekifi685 with t he si dewal |

66U. E. Syst efBodid NLNRER. 9fthe ChifradtiblORal HitRibdrizbd ieonfpeiidd r uct i ons and

Al raNgeMENt S S S G Il S ELBy BERRR i b o R6) KA OF Systoms. Cne
particul ar type d‘ 'i) a emat | ca I n FIG 16 general ly at
700 In FIG cmleereseqwﬁmﬁcssrwwlg’aewré%’°ét=r%F?r<iSP@)"5‘er fllan 25 engi ne 703
with sonme defldsosdhercaim@essiBle sealfrhediherdbMEesd) expor o@waripkaisatuhleast 500 cfm and
typically 70Q 1200 cfmis shown schematically. The equi pnent 702 nmay
conprise 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

equi pnment 702) through use of an air and fuel mxture. In FIG 16, sir flow
is showmn drawn into the 30 engine 703 at an intake region 705. An opti onal
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 elenent 713 is upstream of the engine 703 and the turbo 706. !n
general, in operation, air is drawn in at arrow 714 into the air cleaner
710 and through a primary el enent 712 and secondary el enment 713. There) Z
6 A~1 G Z03




WO 00J50149 20 PCT/ US00/ 0455 particles and contam nants are r(érmved from
the air. The cleaned sir flows downstreamat arrow 716 into t eﬁl/ﬁj{;kzgg 05.
Fromthere, the air flows into the engine 703 to power the equi pnent 70

F. Change Qut and Replacenment S In certain preferred applications, the
filter packs described herein are renovabl e and repl aceable from what ever
systemin which they are installed. For exanple, the filter pack 50) or
filter pack 650, will be installed in an air cleaner housing such as those
shown in FIGS. and 15, respectively. After a certaln nunber of hours of
use, the medf the filter construygtions wll becgm“sc%oéfsﬂded, and the 1
U restri cti onuateNfointis rididl fcailt 7pi6Aesn antl hdainktiienip pordon J6mandruef er red appl i cati ons,
the filter pagks.wWb! be periodically replaced to maintain the appropriate
removal of particulates froma fluid) without introducing too high of a
restriction. B.n skiak 8amid i cations, the filter constructions herein wll
include a visual indicator of useful |ife. Sone stens may include a
restriction indicat orAfiopss dypaditefdG; &, - ﬁﬁ‘t’isﬁtﬁ"’f"{f ReFEeci¥er regarding the
appropri at®e tviewef aickarcg®0.0lncertaingystemk, tlerfiltpaadk. S0 isaledmmedtode t he air cl eaner
arrangenents Q@&@Ht@ﬁguﬂ@@@ﬂ&m&llﬁ’em%ﬁo \MeltJousﬁ}%@@s@ i@ﬁ@{p&rhe filter pack

For exanple, i.f th ack doS LS al r. cl eaner housing such
as those shov%d‘fcﬂ"o "Ga"ﬂtgwéﬁ? teatioq with gnair "ﬁ"’g‘e?vs{/g\ﬁ“ LENBLE- A the 20 cover
from t he bodysetdeppiasthe 'mddchrﬁi/er "Hysts wilbipedyde Sirvstyres mﬁ,h yothgs menber. This will
expose an Oopaies)@nd ait BRantkHeisingd. | | grasp the filter pack and break the radial
seal forned by the filter pack against the sidewall of the housing or duct.
In certai #0 systens, theariseaf hoppghere usaievigibe HSURFAYY: Brthgduct wil | be

desi gned suc/patibiddr eibv@imd@@epictddlid FIG e tle haasiBy®s inchdds @ ba® n2fnbdda0 NOr e t han
about 80 |bs. ‘ora H&l%%&‘n@l&lrypaﬂ%nnﬂb dtah%vﬁaq)c cg5er ]:)p.;gcond lﬁ)ﬂgngl n some applications

bet ween 15 and 4 br eak e radial seal and renmpve the filter pack.
The user wil I°°'P'Pf'€ﬁ’e'ba|5r '"csﬁ'éc ?’T“P&e@f’“mpﬁf:ﬂm‘t*ﬁPSHﬁ&f“‘{aﬁ‘ée"b?)’é?h? ng formed by the
body menber . affixed iokmobjecty fuelras ptieck. Tgsecoiidwusing conppogedisaf . In certain

pref erredisy stdiViuly defifedkd thd fs haaﬁgcowphhmhemwm&mtdedcmo non-metal | ic

materials, SUahdiiabe bhubelods I DEHRSHALARE s FOr exarple, in sore

preferred constructions pac conprise at |east 95
percent, and typical |Wh1&tmdhﬁﬁ&§m9ﬁhaped’ﬂ6&ioﬂ&&@¥ﬁi:ﬁnkll c materials. To _
install a nethmtdgLrtat%s Ba c‘&yalgl&mc&{&‘éﬁncﬂmm&dt‘ﬁ%%t'al}dts@&nmﬁKn and inserts it

t hrough an openi'ng housi n pack is inserted into
t he opening lfﬁ'f‘?af‘"‘f'}ﬁ@'gééﬁa"’rfé‘ﬁ‘ﬂ@rl"l"?agﬂ‘ﬁf"i"’(}i@ﬁf' P4y the Bptosdied agai nst t he

i nner ann2® arcompament AldBas a3 d@1eAAEXIGP3 G OThd QutRUredr@P3UBOGIz04857 wal | of the
housing to fq.nmaenaﬂioahWSﬁafmmkm&mblaﬁabmdaéts.,a,n.ay kausi ng wal | and the

tip portion of t frame. Th yer. rient over the exposed
end of the filte ousmfkco'? g%lg(g F ’ﬁmnﬁ@ ?’h"ﬁcm l(m%rjrsay then he | at ched
(f!'

to the body r?é?'&?é‘?‘°“5’wd‘°%€’e{?r’b‘r“\é‘“‘®8ﬁ§ diff"igttbfﬂopﬂ“"t"m'%e ¥ection, exanples are
provi ded of gprefueded @hstogionsathe ysigy3eS willibe ait in-cling housitid) eSauchythe | ntended as an

exanpl e. # Wo@ﬁ’et}éi ﬁb)éndq}cxletfiégioﬁrsﬁaa}@coédaﬁ ali Gé&‘t@%edﬂﬁ?ﬁ'tofﬁ%GS 1-8. 10 The

(about & am EFRgHYS e G5 bRl TS LS e 400
appr oxi mat el ygtipm dhis sanbgpromin Fi59¢c . The out si de d| aneter of the filter
media 100 will be betﬁ,?%nerm%gﬁggéfe bgolglgw%g C F 1be§3| ?sches (about 38
cn), and in one exa bXIat e y s about 25 cm). 15
The di stance f(‘PEaB.S'“G)S'df%ﬁtZG‘lqﬁé‘ch‘éﬂehWﬂb"M"ﬂ“M°@P°d!'4*?e“f'r ame 20S (FIG 5)
ext ends i BOORIG. 9the debvd &idQ 00Nl the Ailer packt 60 ikh tha atthchedfamke @S dnd | t er constructi on

100 wll b t 2.5 d
in o\rllme exaﬁp?%&%gpl Qag"é"mgﬁ?%é esgg%%ﬁmhﬁagg&mbﬂﬁgmafdgﬁgter of C'Er)h)e o

dependi ng | i prroBler gick O ippresselit thtodhf fist povsinecompainspt 3 1osushatthiey 1 S i nches
(about 38 cmdpmprrrdibie peabmrmb@(25@ix eamplessedimtivech dnd agapptriientippertiol y 10 i nches
(about 25 cm. The dianeter of the tip portion 263 wll be between 2.5

i nches (about 6 cm) and |4 inches (36 em), and in one exanple would be
approximately 9.5 inches (about 24 cn). The filter elenent will provide at
|l east 5 sq. ft and typically 20-130 sq. ft., for exanple about 4S sq. ft.
of nedia surface area. It will occupy a volune of 25 no greater than abouyt
1 ft3, and typically between 0.03-0.5 ft', and for exanple about 0.2-0.4.
ft3. 2. FIG 9 The dianeter of the outlet region 330 (FIG 9) of the fast
housi ng conmpartnent 310 (FIG 9) will be between 3 inches (about 8 cn) and
10 inches 30 (about 25 cn)) and in one exanple would be 7 inches (about | 8
cn). The dianeter (FIG 9) of the inlet region 335 (FIG 9) of the second
housi ng conmpartnent 315 (FIG 9) will be between 3 inches (about 8 cn) and
| 0 i nches (about 25 cn), and in one exanple would be 5.8 inches (about 15

&(llS?lﬁ




/~l ¢~ 200 WD 00l 50149 22 PCTNS00/ 04557 3. FIGS.10-14 The axial |ength of
the filter construction 470 will be between 3 inches (about 8 cm) and 10

i nches (about 25 cn), and in one exanple would be approxi tf éﬁ nches
(about 15 cm). The sem circular ends 511, 512 will have i 883 o

between 1 inch (about 2.5 cn) and 5 inches (about 13 cm) and in one

exanpl e have a radius of 2.7 inches (about 7 cn). The straight segnents
513) 514 will have a length greater than 0.1 inches (about 2.5 nm)) and in
one exanpl ayooewmsathed be 4.9 inches (about 12 cm . Prebemabloyss? t he di stance
that the fra 5_extends i npoar filter co ruction 47U will
be between 0%} ‘ﬁ‘&ﬁé‘gﬂg’éb‘ﬁ‘d‘r"SB“FW‘%SM‘*TQ%%%S'E%%&W“‘Q?‘L}?), and in one
exanpl e woul &nhedp! @alil Fdhasebetpedpout 1.5 cn). The filter element will provide
at least 5 sq. ft an i C for e about 45 sq.

ft. of media surfaceq)ar éé"sc'?']meya"ﬂgcmmdc 'ged' tF'q & ﬂ%ﬂ" grr,pg,r eater than about
1 ft3, and typsieaisiopblySfw dy intet 3aion33s of esewaﬁhpuﬁ'b&wmmwe 15 about 0.2-0.4
ft3. H Exanpisennmtdeednaisﬁowmkdm ShefBillpaes)threugh Mmp Fiks cakmcgphovi ded of usabl e
material s. Th&) R@P&t}i'lﬁiu%éges E&b‘& e ﬁlQ{cchugﬁ Y@%om%ﬁgnb@l‘e will vary)

dependi ng on the Ing_application. In other words) the particular

mat eri al sel E0PEd fegthefiyid: gﬂ‘fsf“-rrrb“sd'é“d'BTsé‘g%C%@Pﬁ"Qﬁ%)lc‘ be deci ded upon by
the system degioghy inldadiedtion 8lTe Thyomprwsiblegul menter®58ofl ik vari ety of

materials ar ?eaﬂ‘%% em@forﬂ;?ﬁdlﬁlgéall WlMev@ﬂ%rﬁaﬂﬁhaQ&ﬁMﬂ gas eigpl es of
mat eri al 5 t hg,

Suita 22 can conprise
cel I ul ose? °“sm§rpf°m 3];’(? wgﬂ’ﬁ Pr%‘z%sf'%g #‘mu‘?‘hﬁe “S/'scf’“sg&g‘énglgél bed above is as
fol |l ows: ceI I uI ose nedia with the follow ng 25 properties: a basis wei ght
of about 45-55 | bs./3000 ft2 (84.7 g/n2), for exanple, 48-54 | bs./3000 ft2
; a thicknes§. of EBaliand]$05- 0. 015 in) for exanple about 0.010 in. (0.25
nm ; frazier perneabi it a ft/m.n | e, about 22
ft/mn (6.7 mMnin); ]Lre&{dbca%"rccfagaB’atq?cz}g'gpég%cgnhavca)mee(o‘gpexanpl e, about 62
m crons; tS@@ﬁsfﬁf%c@'afﬁ'éﬁtgt%HGPTOIHFEI"@&%P%HSW'SCP"‘F‘B'S‘I|Tr1?e for exanple) 8.5
I bs./in (8. 9sephladugbdnby cithbrlipSicansdfiieMlitripadks0 o0folnsdtant ditefas hi ne of about
15-25 psi, fBXck?é‘ﬂéB?nl«ﬁrg ug(px%tpm%&lap?ﬂph((agt&\gan*a@n}csﬂc-gb&ulgejﬂlew ose nedia can be

treated with fing fi exa er aving a s (dlarreter) of 5
mcrons or | &B&AOSHY "Tiﬁ“’§8’r‘f§°fﬁﬁ% ngﬁ‘f&'é‘é‘)s°‘§ifﬂﬁi‘f’%‘?8‘r'f Rost-opganery WO

00/ 501 49 23 (sPOEMBGWY & Srsesondandhiliprsh fin aditibn thsscseparalors may belin zed for
application qfef&.hefa‘uigueu hlIBRE lafeds of hRrnBda, loSRTRitsUpRreappr 0Oaches are

characterjze for t - colum 32) et l|ines
48- Q0. I\/biroe g%ec \ﬁ?ﬂ%er éumugc"lgnﬁf? Eﬁe f‘zrj'l‘]r;"'tem‘%‘ea;}’(g:e;gl |’I % n U S. Patent Nos.
3,878, 0l 4; 3@@@ wﬂétyeeﬂy brsiglectedhasedupgmie degrey of fﬁ'ewﬁbwadtaé‘h herei n by

the amount of restriction introduced by the filter media. For example, it may be that

Q"".

in certain applications, it is desired to filter out large particles (that is, debris such as
leaves, butterflies, clumps of dirt) while introducing little more additional restriction.

25  Inthis application, a layer of media such as a sieve or screen can be used 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 Auention 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 corresponds to an upstream or an

inlet end 106'. FIG. 17 illustrates an end elevational view of the filter pack 50,



5 reference. An alternative is a trade secret approach conprising a fine
polyneric fiber web positioned over conventional nedia, practiced under
trade secret by Donal dson Conpany under the designati on ULTRA- VEEB.

respect to the configurations of the filter elenment and ch[deKhQﬂ

the sealing system there is no particular preference for: how the f|ne
fibers are nade; and, what particular I O nmethod is used to apply the fine
fi bers. Enough fine fiber would be applied until the resulting nedia
construct i oWowsald have the fol lowing properties: i#Ftvyestfici ency of

99. 5% aver ag Qredrl %4 t. accordi ng to SAE
J726C, usi ngevée,&)@gm B &th ?iﬂgnﬁag\%gﬁt{e%%gc?mes@ %ﬁo 57098% aver age,
according to L@&E‘"&?‘?B@""’F '§6Tsrfévefﬁdz9h§ ayen &f medja07 &y sepprpting BEge const ruct ed of a
mat eri al t hatpauicled froprthagagigreapt lrefoedt thergad streamt waphestthe fdterdonsguciot subj ect to

creep. The frl@ﬁ‘eoc%aﬁmg\wohmbeppﬁawaw&&&d.rdaﬁegaeem@nummldl ic material such
that it is envi ron Clla qweu or readily

nd eit
i nci ner at abl d"fH n&?m lébga"é’éﬁgb%"c i uc?e(a:lnyf om °Bt astics, for
exanpl e, gl adhe mdjadPHrEldasipH spallpw for m@ma%?fll’é"‘?'@lsldﬁhdf %ﬁfﬂm astic is 20
propyl ene or iguytsplarge Empe 6fLHirG énd ofhedtgdes fdetira b0 typa af wediaakdlemy be used. The

conpr o5 b ¢ ealod TRk AR agqram@m@ GRS Srd G BT ety of

materials. There IS no ence, provi at the seal nenber

fef
250 forms a S atopt '?H"é“eb‘f"&ﬁ%/fdl‘ ’FWgﬂhﬁé¢d°BB¥H¥r“€§§ﬁ Bh. One usabl e
mat eri al W | |birgder hald@mgfht fiteo|taentber bangalireisiaat rybberppdifiesPYGabed ur et hane. One

exanpl e 25 us&bémm@ymh ymmﬂa@esf,mmomhw RhdratisiiyRf Ocessed to an

end product Vi density of fourteen to twenty-two pounds
per cubic foo"t%o E%g%" gf)f'uJF”et BEI8L are” avail able froma variety of

sources, such as BASFa{RicRgaativaR nff it aelaitiay inlvbdubd gafioOne exanpl e of a

foarred pol YUrELABOE, SRR 368 i3 UnPLuaffBUR i bilahARASHR resin and 130500

i socyanat e u5| ve assi ‘[c];lnee Donal dson by BASF
Cor por at i &h. Ffﬁé*‘rfewénd.c!svagor@hwqf apdergitiyg emiodimentaf ke filig pagk of 100 parts
| 354S3 resin 350 Sowed fpantiesecd @b ihct $IO yENA &lte pich Yo wivwgi it §IG. (Bhe specific

?;a\f t236 ?]:Lot B? ocr;%gaai ahaﬁoglus%s &©Bfitler Pa@#ﬂﬂﬁfﬁﬁh |vﬁmlhele?c@ﬂ,o§9fm;23 :MS?ﬁy:nﬁlt Shl t
dynani ¢ shear® gﬁf%ér’sgpa‘fﬁénid?&‘}‘(ﬁ‘ﬁ%"ﬁ“l’“"e"“?giléﬁeﬁtg °2’ﬁ%§’ l0(‘30?’"?6 %29 24

PCT/ USUQ 04557riqteqfpmbadimenteare eongmblajedyin thegpprtiprtlay embppdinieptdiluptrtddice  degr ees

Fahr enhei to Tie. 18NhhefaRp BINEE iR JormldOillaghr Oanddial1Sidcaa degrees Fahrenheit. -
The resin mtcﬁﬁhs@lﬂnﬂ&ﬁéﬁﬁﬁmﬁ, (Foh‘?%J Ghd .9,?% &gmﬂﬁw Laqtbl: Qe (8) Average

nol ecul ar wei ase 5,000 2) Diols =

et
60- 10, 000 3) “FF‘F‘B?‘%Y *’d}“S‘tBba"‘iﬁa'o%}é’ iy °%\?‘§Fé°g’é og, ﬁ'rfb‘f‘i‘ydﬁ%f“f‘&/ 1) total system
= 1.5-3.2 10 dowpsubiycht e fhma bt brihd ony illeeyniad in§Y(G d Bty medit 00" B00 () Catal ysts
1) . am ne = AInthJtQﬂndQn ofhnd&gﬂnsﬂﬁ'é‘hl%} co'hétﬂilctmn Yol arat &, tQ;(l ;) 5 EPH( 1)5 (e) (b)
Sur f act an 1 W "The (a) 25
(c) (d) (& 5? c)dta ?Zt' l3c§t¥dstte%ecn thcq{l(cr consgbctl racr;rser{ s/dyes 1 ) total
system = 1- S%f Eﬂ ack Blow ng agent 1) 0.1-6.0% HFC 134A.
The type of media 112" utilized will depend upon the desired degree
of filtering and the amount of restriction that is introduced. The media 112" can be a
single layer 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 oz/yd” (136~
163 g/m®) polyester fiber depth media (mixed fibers); 0.55~0.70" (14—18 mm)
thickness freestate (as mcasured under 0.002 psi compression); avcrage fiber

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



; 13050U i socyanate description is as follows: NCO content - 22.4-23.4 w%
Vi scosity) cps at 25C = 600-800 Density = 1.21 g/cnB at 2SC Initial boiling
pt. - 190C at 5mm Hg Vapor pressure = 0.0002 Hg at 2SC Appearance -
colorless liquid Flash point (Densky-Martins closed cup) =22007G3 7 gg: above
is a conplete description of principles of the invention. NMany enbodi ments
can be nmade according to principles of this disclosure. 2s ~ 6 ~U- ~~03
CLAIMS: 1. Afilter el enent arrangenent (54, 450) for use in an air cleaner
housi ng (3n¥Po@PR) having an interngl annular seal i ®gruwdsce (2C0, 660);
the filter el \Y and repl accabl e
within the al‘%%' e?av%{aa e‘i‘%@,ﬁnﬁ,ﬂé(&%‘f%@gﬁ{ﬁéﬁéﬁ til%\?gg%m al novenent

bet ween t he fsplidite poow O, typically b A% (50, 450) and the internal annul ar
seal i ng surface (260’It@@8‘}cm%{ated-tht!t u@#&%ﬂgv&ﬂ%l §e7a%21redlohe filter clement

arrangenent (50, 450) dia construction (115,
470) conpri sitAY el %’Wé‘ié‘tsog'f’“?%‘f'?s??@'af'? Wpreeam filen 0% and g dappsirdma ot t om f ace
sheet (132) diler ldﬁnfl gured in a coil; (i) the coiled nedia construction
(125, 470) hasn n irst and second ends a first flaw face (105, 471) at
the first en ond flow face (110 472) at the second end; (i)

the media within sai dA@eqa,Anesch.,mlt@n@o.raswm.sp,;ers dRGvic#3P) forning a
plurality of flutes (124); each of the flutes %@hawn aflrst end
{

(146) positi GAEkT grhe E’é‘}‘l?f“tﬁﬁ"’?ﬁé“?‘)r F'S”E"P'PSEW“P%{’E@“ gfilteypak y and a second
and (148) pOS!SOinﬂﬁlﬁdﬁlﬂdjl@ﬁemandMnh@sy&&ﬁdﬂﬂd’lﬁelﬁhancﬂﬁ@SS(néLlO) 472); (A a

first set (13 sel ect e e fI Ut es 4 e open at the
first end é fpﬁ%‘?] ant 8°o°csme '] f'%mea%"é(g end™ 'ﬁgﬂ%‘)gghghd'n%B a second set (
134) of sel eotleé'd4%@@%!!]5%@%9!5@@5@@1@8@'tlis@imgwd)#ww at the first end (
146) and open,afngbifaccsecond end (148); (b) a sealing system (60, 460)

i ncludi ng a seal nenber (250, 650) and a franme construction (170, 605)
arranged around one Ok cérai pleferraitarrapéahnests Bamier éds458fwiltdee coi | ed nedi a

construction; (Jd) 1h gﬁ,ﬁe;g,gﬁ%r&lgnﬁ)wgthg F‘('}?’%"” SQ%O%Q%I udi ng an extension

(174, 663) projectl ng axi a romone o ‘'second flow faces;
ANVENDED SHEEPBecond flow face 472. Attcmlon is directed to FIG. 11. Inthe panicu]ar embodiment

illustrated in FIG. 11, the filter construction 470 is configured for straight-through
flow. This means, as explained above, that fluid to be filtered will enter the first flow
face 471 in a certain direction 477 (FIG. 10) and exit the second flow face 472 in the
same direction 478 (FIG. 10).

20 The filter construction 470 can have a variety of configurations and
cross-sectional shapes. In the particular embodiment itlustrated in FIG. 11, the filter
construction 470 has a non-circular cross-section. In particular, the FIG. 11
embodiment of the filter construction 470 has an ob-round or "racetrack" cross-
sectional shape. By "racetrack” cross-sectional shape, it is meant that the filter

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 u series

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



~ 6 AUG 2B 26 (A) the extension (174, 663) 'of the franme construction (170,
b05) having an outer circunferential surface ( 178); (B) the extension
(174, 663) of the frame construction (17p, 605) being an annul ar sealing
support-for the seal nenber (2S0) 650); (ii) the seal nenber (Z50, 650)
bei ng positioned on) and being _ supported by, the extensio Lzﬁ.qﬁﬁf) of
the flume construction ( 170, 605); (A) at |least a portion t'he? ¢

menber (250, 650) being positioned on and peripherally around the outer

ci rcunferentP8304rface {178) of the;extension (| 74FCHE8YSS(B) the seat
menber (250, 46&3.):bw.ghaadw&gm@u%mmiovnmﬁe&iﬁ,s:icmgﬁéI pheral , sealing
surface, the seal nenber peripheral sealing surface being orlented to form
a releasablep“ﬁﬁWﬁﬂi BiT9editi r ect ed, seal (172, 685) between the filter

el enent arrangenent (égz ﬂ’érgn}tw 'sgtf'manlt}ﬁ)c mqgcrlnalga.ec{n{}alc?&rlwl gr sealing

surface (260, 660), resul axi a nsertion of the tilter el ement
ar r angement (bSBWd45@)"¢1qqm“§@a1nglﬁ§mélﬁgﬁg\9¢mm°hWiﬂtelﬁlt?rl"mdliih?t2ernaI annul ar

seal i ng sW f agBrd id €. 286 Wornll £BH € EenlPHSirAGr SIRP Rructfké Rlprovidea A fil ter el enent
arrangenent (450) accorg‘th to_claim1 wher (a) the coiled nedia

construct i on OAHEF mFEReT %‘?s“é‘éff’f"f’B?Pd'i"’rfﬁﬁyﬁﬁl’i‘f‘?ﬁ“ﬁ"’d‘éﬁ‘?P'bgf curved ends
(511, 512) | aheretkrbfthefilprabistnpfionF Q. & thd Hartiedq BRbOHimeqtSHbdn inFld@) . AVENDED SHEET
-~ 6 AUG 20 element . apr ang nt . cording to claim 2
wher ei n: thgqflraé?'rgﬂ%oéen{ss%rshg i exf’pé"r‘f& oﬁmg%ﬁ)w?‘%&ﬁg%es a pair of curved
ends joined Bysa pair of straight segnents 4 A filter element arrangenent
(30. 450) according to an one of ¢l ai 3 wherein: the frane
construct i%n (170, 60%)':](7 A3 covaipedip ’I'S§775s"6°djﬁfif‘quh‘§""&"lfss braces (210)

6i 0). 5. A fifluteginciedigyTiivpenand duagendsnit shobdibe ud&Sjooduba dilsgbiich dr0 any one of
claims 1-4 Vw}%&%&ﬁs 15 Jﬂl%scgtwv\é\@frngc%réjﬂo(v‘%%:;:%’(as%ﬁ #sm%l;s%dwt%clérface of the seal

menber (250 nes a cross-sectional con uration of steps (266)
2G7, ?68) |nd?@agqfﬂ’gs*?@mﬂ%mm@ﬂdlpﬁmlh(l!!E}G)am(vptd?wéede'x‘bmron (174, 6b3)

tovard a lip éseaimrﬂgrporﬁaé&me@m)accﬁz Pop huldlbbifdn gl SIB bs vl kapgenent (50, 450)
according to n: the outer circunferential

surface of’t ﬁ&v%/?%%cwéBﬂg“th‘ﬁ’é’f‘iké?P“é‘i?'(‘é‘Hg‘iséS‘iﬁe“(sﬁéi‘,m‘"GB%"PSl s continuous and

uni nt er r upt ediescribed 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. 1n 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



7. Afilter elenment arrangenent (50) 450) according to any one of clains

| -6 wherein (a) said frane construction extension (174) 6G3) includes an
end tip (180); an outer surface (18b)) and an opposite inner Sg:j'%wwf);

and (hr) said scal nenber (250, 650) includes: a first porzi QoY

onented agai nst said outer surface (186) of said extension ( 174, 663); a
szcond portion oriented against said end tip (180); and a third portion
oriented agai nst said inner surface (184). AMENDED SHEET VTVG GW 1 US
0000045 28 WO\~ ~~ g A filter gqgenent arrangenBRFUBPI? 450) accordi ng

672) of an er byl GERRIBIIRCIp Rk Sobeihelideies & CHCT TS "Gl Grven
ar r angenment ,"‘i?ﬂslﬁ’fagj:'he F?%f‘°‘tﬁ‘f@ﬂ'é’§t”°&?‘l‘&?@%ﬁ%?#%%, 450) operably

i nstal | ed acdbyfilierngnsiraction 47i0su tiwhibe depending lip65d exitndyipboardithe! 250, 650) i s
conpressed atdigR@RiombaftonDRLANVE 892 of biBss Br%deE BMioPihe fedohd endGPSof iRl the frane
constructi nﬁ'}tnd a %npw a ﬁsleaalnimgl r§‘.”nf5§§:§-'l(§% 0, 650) of the air cleaner
housi ng {305, érfﬁl)m. 0" 8\ PTESP OST TR 3T angenent (50, 450) according to
any one of clainms 1- 9TMTRmMEEN candR isduredrd khe MiRdFdGINCZMA70 820) conpri ses

conpr essi bl e , . Qi | Gl .,an air cleaner
(338, 67:)) ha@ﬁ%ggﬁaﬁg@?@%%&%ﬁwﬁ?ﬁ’daﬂhf‘%ﬁge%;?gu ar sleal i ng

surface (260,heBig)contugugn $8bhathestacip g sprgiiigerbodigeny fllusiigted andy, § nserting a
filter el emerfiGasytbragbasiedis plasdin tikoBdlapegior 6 hgwéco thafiymaiteardf cl ai ns 1-7
into seal 109 KIEIRABHBINE 70 s frbViuliPicsdiB neAnUl ar seal ing surface of the
housi ng (30S, 672). 12. A nmethod of constructing a filter el enent
arrangement (50, 450) Duingbiref thypengshentsicpiced, meard faceaayexered of cl ainms 1-7;
t heI m;_t hod c]gumd @& agu.f;fhe&spmc f?s‘ggrsi. gg,aﬁ (€8 kieRgl agafz.ﬁhﬁm (60,( 2280) 650) t
including a frane con on , an nmenber : 0
an end of a corted ne |%v’§t(])incs ‘ruftt?cgﬁal%?%g?jcngsfa'sgﬂggorwd‘f%d'to claim1 (a).
AVENDED SHEEPtrugturg is gpoyidgd anpar of the frameg 685 tp ppgvenpthe stiazght segments 513,

15 514 from bowing. While a variety of structures ar¢ contemplated herein, in the

particular embodiment illustrated in FIG. 12, cross braces 610 are provided to
provide structural rigidity and support to the straight segments 513, 514. Ascanbe
seen in FIG. 12, the particular cross braces 610 depicted form a truss system 612
between the opposing straight segments 513, 514. The truss system 612 includes a

20 plurality of rigid struts 614, preferably molded as a single piece with the remaining
portions of the frame 605.

In certain preferred constructions, the frame 605 is constructed
analogously to the frame 205. As such, and in reference now to FIGS. 12 and 13, the
frame 605 includes a tip portion 663. In preferred arrangements, the tip portion 663

25  acts as an annular sealing support. In the construction depicted, the tip portion 663
has the same cross—sectional configuration as the filter construction 470. In the
particular embodiment illustrated in FIG. 12, the tip portion is noncircular,
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.
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engine 703 to power the equipment 702.
F. Change Out and Replacement

5 In certain preferred applications, the filter packs described herein are
removable and replaceable from whatever system in which they are installed. For
example, the filter pack 50, or filter pack 650, will be installed in an air cleaner
housing such as those shown in FIGS. 9 and 15, respectively. After a certain number
of hours of use, the media in the filter constructions will become occluded, and the

10 restriction in the filter packs will increase. In preferred applications, the filter packs
will be periodically replaced to maintain the appropriate removal of particulates

from a fluid, without introducing too high of a restriction.

In some applications, the filter constructions herein will include a
visual indicator of useful life. Some systems may include a restriction indicator to
15  provide information to the user regarding the appropriate time to change out the

filter pack.

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 F1G. 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 Ibs., preferably no more than 50

25  1bs,, 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

nonmetatlic 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
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can be used.
I FIGS 1-§.
10 The axial length of the filter med:a 100 of FIG. 2 will be between 3

inches (about 8 cm) and 10 inches (about 25 cm), and in one example would be
approximately 6 inches (about 15 cm). The outside diameter of the filter media 100
will be between 3 inches (about 38 cm) and 15 inches (about 38 cm), and in one

example would be approximately 10 inches (about 25 cm).

15 The distance (FIG. 5) that the depending lip 251 of the frame 205
(FIG. 5) extends inboard of the second end 110 (FIG. 5) of the filter construction
100 will be between 0.2 inches (about 5 mm) and | inch (about 2.5 cm), and in one
example would be 0.6 inches (about 1.5 cm). The diameter of the depending lip 251
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. fi. of media surface area. It will occupy a volume of

25  no greater than about 1 ft’, and typically between 0.03-0.5 £, and for example
about 0.2-0.4 ',

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 comparntment 315
(FIG. 9) will be between 3 inches (abou( 8 cm) and 10 inches (about 25 cm), and in

one example would be 5.8 inches (about 15 cm).
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sq. ft., for example about 45 sq. fi. of media surface area. It will occupy a volume of
no greater than about 1 £, and typically between 0.03~0.5 ft*, and for example
1S about 0.2-0.4 f’.

H. Example Materials
In this section, examples are provided of usable materials. The
patticular 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 wili 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 1bs /3000 fi? (84.7 g/mz), for example,
48-54 Ibs./3000 f%; 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
fi/min (6.7 m/min); pore size of about 55—65 microns, for example, about 62
microns; wet tensile strength of at least about 7 Ibs/in, for example, 8.5 lbs./in (3.9

30  kgfin); 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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Patent Nos. 3,878,014; 3,676,242; 3,841,953; and 3,849,241, incorporated herein by
reference. An alternative is a trade secret approach comprising a fine polymeric fiber
web positioned over conventional media, practiced under trade secret by Donaldson
Company under the designation ULTRA-WEB®. With respect to the
configurations of the filter element and the operation of the sealing system, there is
no particular preference for: how the fine fibers are made; and, what particular
method is used to apply the fine fibers. Enough fine fiber would be applied until the
resulting media construction would have the following properties: initial efficiency
of 99.5% average, with no individual test below 90%, tested according to SAE
J726C, using SAE fine dust; and an overall efficiency of 99.98% average, according
to SAE J726C.

The frame 205 (FIG. 5) will be constructed of a material that will
provide structural integrity and is not subject to creep. The frame 205 will be
constructcd;f a non—metallic material such that it is environmentally friendly and
either recyclable or readily incineratable. The frame 205 can be constructed from
most plastics, for example, glass reinforced plastic. One usable reinforced plastic is

propylene or nylon. Of course, other suitable materials may be used.

The compressible seal member 250 (FIG. 6) can be made from a
variety of materials. There is no particular preference, provided that the seal
member 250 forms a seal in the proper location under compression. One usable
material will be a sofl polymeric material, such as foamed urethane. One example
usable material includes foamed polyurethane, processed to an end product having
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 135453R resin and 13050U isocyanate, which is sold exclusively to the
assignee Donaldson by BASF Corporation.

The materials should be mixed in a mix ratio of 100 parts 135453
resin to 36.2 parts I3050U 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 ate typically mixed with a high dynamic shear mixer. The component
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10 (c)  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) fotal system = 0.1-2.0 PPH
(f) 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 ) 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 (8)  Flash point (Densky-Martins closed 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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housing (305, 672) upon relative axial movement l;ctwccn the filter element
arrangement (50, 450) and the intema! _annular sealing surface (260, 660) of
the housing (305,- 672); tfxc ﬁltcr &-:lement arrangement (50, 450) comprising;

(a) a coiled media construction (125, 470) comprising a sheet of
corrugations (123) secured to a bottom face sheet (132) and
configured in a coil;

(i) the coiled media construction (125, 470) having: first and
second ends; 2 first flow face (105, 471) at the first end; and a
second flow face (110, 472) at the second cnd;

(ii)  the media within said coiled media construction (125, 470)
forming a plurality of flutes (124); each of the flutes (124)
having a first end (146) positioned adjacent to the first flow
face (105, 471} and a sccond cnd (148) positioned adjacent to
the second flow face (110, 472);

(A)  afirst set (136) of selected ones of the flutcs (124)
being open at the first end (146) and closed a1 the
second end (148); and

(B)  asecond set (134) of selected ones of said flutes (124)
being closed at the first end (146) and open at the
second end (148);

(b) a sealing system (60, 460) including a seal member (250, 650) and a frame
construction (170, 605) arranged around one of the first and second ends of the

coiled media construction;

() the frame construction (170, 605) including an extension (174, 663)

projecting axially from one of the first and second flow faces;
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construction (170, 605);
(A)  at least a portion of the seal mcmber (250, 650) being
~ positioned on and peripherally around the outer
circumferential surface (178) of the extension (174,
663);
(B)  the seal member (250, 650) including an outwardly
dirccted, peripheral, sealing surface, the seal membcer
peripheral sealing surface being oriented to form a
releasable, peripherally dirceted, seal (172, 685)
between the filter cloment arrangement (50, 450) and 2
housing internal annular sealing surface (260, 660), as

a regult of axial insertion of the filter element

arrangement (50, 450) into sealing engagement with the internal annular

sealing surface of the air cleaner housing (305, 672).

2 A filter element arrangement (450) according to claim 1 whercin;
(a) the coiled media construction (470) has a cross-section including a
pair of curved ends (511, 512) joined by a pair of straight segments
(513,514).
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1)10% o\ o0& ()-M >l) 1O%Bﬂ1é z)mManﬁ}gxf&l&i pmﬁﬁgérz(l)surége B¢ the s&1 member (250,
650) defincs a cross-sectional configuration of steps (266, 267, 268)

increasing from an end tip (180) of the extension (174, 663) toward a
lip member (251, 651).

6. A filter clement arrangement (50, 450) according to any one of claims 1-5
whcrein:
the outer circumferential surface of the frame construction cxtension

(174, 663) is continuous and uninterrupted.

7 A filter element arrangement (50, 450) according to any une of ¢laims 1-6

wherein:

(a)  said frame construction extension (174, 663) includes an end tip
(180); an outer surface (186), and an opposite inner surfacc (184);
and

(b)  said scal membor (250, 650) includes: a first portion being oriented

| ayainst said outer surface (186) of said extension (174, 663); a second
portion oriented against said end tip (180); and a third portion
. oriented agaiust said inncr surface (184).
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- 9. A filter clement arrangement (50, 450) operably installed according to claim

8 wherein:

the seal member (250, 650) is compressed at least 15% between the
extension (174, 663) of the frame construction and an annular sealing,

surface (260, 660) of the air clcancr housing (305, 672).

10. A filwr clemeat arrangement (50, 450) according to any onc of claims 1-9

wherein:

said seal member (250, 650) comprises compressible polyurethane

foam.

11. A method of servicing an air cleaner (300, 670) having a housing (305, 672)

with an inncr annular sealing surface (260, 660); said method including a

step of:

axially inserting a filter element arrangement (50, 450} according to any one

of claims 1-7 into sealing engagement with the internal annular sealing

surface of the housing (305, 672).

2. A method of constructing a filter element arrangement (50, 450) of the type

characterized in any one of claims 1-7; the method comprising steps of:

sccuring a sealing system (60, 460) including a frame constructian
(170, 60S) and a seal member (250, 650) (o an end of 4 coiled media

construction (125, 470) according to claim 1(a).
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