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(57) Abstract

A fiter pack includes a filter construction (100) and a sealing system (60) for sealing the construction within a duct or
housing (305). The filter construction has first and second (110) opposite flow faces and is configured for a straight-through
flow. The sealing system (60) includes a frame construction (205) and a compressible seal member (250). The compressible seal
member is molded around a portion of the frame construction. The compressible seal member (250) is sufficiently compressible to
form a radial seal (172} between and against the frame construction (205) and a surface of a housing (305) when the filter pack
(100) is inserted within the housing {305).

(67) Abrégé

Une gamiture de filtre comprend une structure de filtre (100) et un systéme d'étanchéité (60) destiné a sceller Ia structure &
fintérieur d'un conduit ou d'un boitier (305). La structure de filtre présente une premiére et une deuxiéme faces d'écoulement
opposees (110) et est configurée pour un écoulement a passage direct. Le systéme d'étanchéité (60) comprend un agencement a
cadre (205) et un élément d'étanchélté compressible (250). L'élément d'étanchéité compressible est moulé autour d'une portion de
l'agencement & cadre. L'élément d'étanchéité (250) est suffisamment compressible pour former un joint radial (172) entref et a
lencontre de l'agencement & cadre (205) et d'une surface d'un boitier (305) lorsque la garniture de filtre (100) est insérée
dans le boltier (305).




instances, it is desirable to renove sonme or all of the particulate
“material froma gas 10 slow stream. For exanple, air intake.streans to_
engi nes for rotorized vehicles or power generation equi pnment, gas streans
directed to gas-turbi'nes, and air streans to various conbustion furnaces,
often include particulate material therein. The particulate nat e?iﬁptIAUQ (573
should it reach the internal workings of the various mechanisms invol veé,
can cause substantial danmage %Eﬁﬂ%osysl.- iﬁ)Rt Fﬁ;TEETRore preferred. for such
15 systens, to renpove the particlulate materia romthe gas fl ow upstream
of the engine, turbine, furnace or other equipnent involved. A variety of

air filter or gas filter arrangemﬁg'&apﬁl\é n9e81 devel oped for particul ate

renoval. In general, however, con @fent s arc sought. W09740908
di scl oses a conical filtgy j luted.filter nmedia and an axial 20

seal . The filter Iel_errént_s_%%%@%4%@3%’“&?5&%“@%“%5 far engiinny shdyetiodef
filter medi a of §litngraral filkar priparati6h OB Sp8€Glidr M il sdaernﬁmenFs a@gcrm)ved .
axially as th(i%%l?re Qﬁiimd or placed on a shaping torm i Pe & sealant is
still pliable o <SHEBEIHIE 2 seubnEfistemAD9741939 di scl oses a plastic end disc
for an annular filter clement, through which flowis radial. EP0581695
discloses a filter assenbly with 25 defornabl e sealing end caps. U S.

Patent 3,695, 437 discloses an oBfchgrowns of it Knwmtioant i - drai n hack val ve.

The filter element is cghd ' ith radial flow and utilizes an axial
seal ing system EP07'04§1£;>3 %?g@?gg%%%@ﬁ%mu% materialtheraini dymanp| eat ed

el ement and rlaghegesfif swWesitableotsirathbye fRidelf LG systemis used. F

09- 02-20Q§ U 99004557 12 6 AU Gt Thi st"ﬂiq’ggﬁg’surelagye%‘f%‘e@naﬁgéﬁgi ne
air flow system THE- A9 ekimBle. alyistkmeeomprt eaging: i mbRkiz&d SIEIL r

const ructi on potvet 'eaﬁoﬁcqgglin@mp km%nd aﬁgse ing system In pre?erred
configurations, the sealing syst&m w e : °ﬁ%h@‘5€5aﬁmh¢igmmms w@nd a
seal nmenber, "W@?ﬂb&sﬁmdhmaaﬁsrangﬁmmaebﬂg%‘_ﬁg{g%a?%a?@t epsi.pn - projecting
axially fronp%gulge tage.,fjlﬂsglw faces of the nedia pack. par ti%ul arly
preferred arfangensitacnglshouldd) repgnte interpaloupbiogt efthbyagdia nfochefskon of

the frame amvalvge A caude dubsiiiaPd f . th i sclosure Filter el enent
const r,uc{.i'ons are descri bed herei n%éla%%'?eé%?‘e 13 thegefqre proderesdefoe sach

const r ucti on¥StFS o EEPHRIte pRBE ubtchatas It fhes teghanas Lghiagd, Ahove.

engine, turbine, furnace or other equipment involved. A variety of air filter or gas

{ilter arranpements have been developed for particulate removal. In general
Ed

howevcer, continucd Improvements arc sought.

W0O3740908 discloses 4 coniical filfer having fluted filter media and an axial
scal. The filter elements in W09740908 are formed by winding layers of flter
media to form a circular cross seotion. The clements are moved éxially as they are
wound or placed on a shaping form while the sealanf is still pliahle to shape the
clement. WO9741939 discloses a plastic end disc for an annular filter clement,
through which flow is radial. EPQ58] 695 discloses a filter assembly with
25 dcformable sealing end caps. U.S. Patent 3,695,437 discloses an oil filter with an
anli-drain hack valve. The filter element is cylindrical with radial flow, and utilizes
an axial sealing system. EP0704933 discloses a spin-on filter having a pleated

element and radial flow. An axially directed sealing system is used,



FVBthP f filtering systens, servicing filtration systens, and

h@h@?écfi ng filter arrangenents are described herein. Preferred @{%989004557
will use filter elenents and constructions as characteri zed above. AMENDED
SHEET 26 AUG 203 WD 00/50149 2 PCT/ US00/ 04557 Brief Description of the
‘Drawings FIG 1 is a schematic, perspectiye view of one enbodi nénf éﬁf{ﬁig?tzar
pack, according to certain principles of this disclosure; FIG 2 is a i

schematic, perspective view of asagihdi9offie Diskib§e®di@a 5 usable in the
arrangenments of FIG 1; FIG 31§ , pective view of one

approach to manuf act ur i Hys dis¢losuredespdivk aneadiheair Aothigstah! aRgeaws of FI G
1, FIG 4 1is aiﬁ{:hemati C ﬂi@‘p Yi ew of one enbodinent a sealing system of
the filter pack 6f* fHEgNsys TreiegienEequetiyption icding a midiagrdinareith sealing

Cross-sect i onadysieheVin pleferitdl . . icted sealed in an
air cleaner fory use,; gl G 6 igﬁéa scﬁe’rra%f%;m@@geég’ggﬁ%ﬁﬁ ew of the
frame of tHRe SEBWREIACN$pka ssal DEmBEWhdre theafitte Sk AREMbRSnILAR aﬁ-cﬁteﬁ&o 1G4
FIG 7 is an jm)%‘r: ed fr“% ment ed fsch mati c cross-sectional view o 5 one
enbodi nent th on%ge%x%“l | %%’éﬂ"ﬁ’é%@wfasﬁwfﬁbcwéﬂam@c.slywemw}ﬂG 4,
accordi ng to prifestdiremeShedihi L Jf.lgﬁétll’- : [0S sche ic,

per spective v?jéw of onegghnbrgﬂiﬂ?rce%?ﬁg anls:"iupg&gcldebg'n'hi; ?ﬁF’r‘PI%ﬁ%CWFI ter
pack accordi ngreessgdshci pl es of this disclosure can he used; FIG 9 is a
schematic, cross-secti o‘i}%bvi ew of the air cleaner depicted 20 in FIG 8,

showi ng the filter pack FIgmSR copstctions arg daserbaddwraim ePrefintetifitter FI G 10

is a scheil@iti elemzar simeeidtvas WlEMcREe dndsisi Gt rpative .enbodi ment of a
filter pack, according to certain princip eaésq%#sgf: |sl |§8| e FIG | |

is a schematic, perspecMethadypfiiteringaydirhg, servivhe ftup@id éyofdnlf and he filter
~ pack of FIG , . 12 is a scheymtjc, perspective view of one

enbodi nent oag&P}Iﬁ%‘e@p@c{ AOHeEments 2 lepinbed bersine Rreferrecdhme tiotls will peec k

depicted in Fﬁffercl@imdﬁl@do@)ﬁsdﬁﬁ&ﬁﬁ'@ﬁ%&&ed%&%& sectional view of one

enbodi nent of
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' i i ack .depicted in FIG 10, taken
the sealing Ssystemusable in I?S_ f |3|0t glr Gpatlzz ?gp:acschemat'i . side :
aong the tine 1313 of FlG ’ enmbodi nrent of an air cleaner, accordi ng
el evational view of an al tler na:g_ WD 00150149 3 PCTI U500104557 FIG 15 is
o pLi r]Cit Pl:esc?];stshlsZc?: z(r:lalos\lji e\’/v of the air cleaner depi Et ggzl@l@pﬁfgggfl

ematic, - _ . nc
:nzct aken al ong the line 15-15 anﬁeigﬂmcngi tecveml:l threﬁbodi ment of a system
install ed Wit'hl N orer s ace ad'sﬁ to the present disclosure are use_d; FI G
In which S air cleaners accor :‘ gn alternative enbodi nent of the filter
17 13 an. enduekayal| ona! a eWF(i)G a18 is an end el evardrasalsyi ew of anot her
P o aont of the f11ter it i Lo 0 Dot Descri pti on
PR TN PR ‘ to FIG 1. FIG 1is a perspective view
o B trst entod renfS fisgls*?e“fafi%f’e'fm‘éikc8®¥0fﬁhteenp:bﬂni1&“mﬁlrfi|ter pack 50
of afirst engod men inpfick aling system60. In preferred
depi cted incl gcc?rihmtepem'mcwewmf?sﬁisi gned to renove particul ates
constructions, the f'}qh?‘{isy%gc[g%iqﬁgﬂ;[pgﬁﬁ it of B eorfidr of Blker megpdi a 55, while the
froma flujd, %Echlihas all;, M Wt h@eq‘fi Iter pack 50 against a
sealing syst o (5“_%% ) s shown in FIGS. 8 and 9. By the term
sidewal | of a housi ng}:]ﬁ.r_} is eijs%ﬁcmgt%alreszﬁtiww@qp.@@Ppmmer normal condi tions,
S :['si Ln: E?a%“g?eﬁg‘g‘t‘ﬁ%@‘gﬂtpé“k uesblef the aafgeDeNsRASEL Ng Fhroughdﬁc[.eg: o bet pech
reven \ i na o e,
(e 11er pack 0 ankihn.sgauny L of 70 g doleng o et e e
ceall ng systg{g]qu rlpq&q?lqltstsé u:ack’SO In certain preferred arrangenents,
fLitering mecla " r pfi ured. for strai ght-through flow By
the filtef® nmedia 55 \Md.biS_Q%Ch_grgiﬂflgf.eﬂgﬁr{]cngﬂ,gfosst—ﬁéﬁq]?[|Vteglofthedi a 55is .
oo ;alt hﬁﬁggtg%{ﬁé%'ét‘%%iﬁ@%ﬁew tpirglefrer fotusé;| ow f ace 105 (gg{:gspgggloﬂg
- ed | i ' 0 :
'? gm;lng;g inlet end, 'Fltl}.&ia6;dhé:&a‘rléfc{o%t—%%%oﬁ{e[’?ig\ghg?cnfg%,egﬂgﬂ Si?airl]ihwgf Cat ed
Crbodi oo ilsgsr@ngﬁq}klﬁﬁ?%%?%%"n%’cggﬁﬁgﬁP?FdGi“m one directi onlié4fthr 0;1%2 tsggond
iment), w o ; i i rom
o Lo 1 do oo g R St (o e
faces 11de erf¥)@Redd essible ember ofithe seating-g ofifione di rection, e
H 8;Nd will enter thr_ou,ggm}pﬁe VPR Eepber efifhe serbomsivaign oATI®

ording to principles of this disclosure;

FIG. 8isa 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 inFIG. 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. Il isa schematic, perspective view of a fi

lter media portion of
the filter pack of FIG, 10,

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

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

FIG. 13 isa schematic, cross—sectional view of one embodiment of
the sealing system usable jn the filter pack depicted in FIG. 10,

taken along the line
13~13 of FIG. 10;

30 FIG. l4isa schematic, side elevational view of an alternate

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



30 the filter construction 100 through the first flow face 105 in the sane
direction, exit the 26AUR003 WO 00150149 4 PCT/ 11S00/ 04557 filter
construction 100 in the sane direction fromthe second flow face 110, and
exit the housing through the housing outlet also in the sanme direction.

Al t hough the first flow face 105 is described above as COr respon Qypell pgRgt o an
inlet end, and the second flow face 110 is descri bed above as correspondlng
to an 5 outl et end, the inlet and outlet ends can be reversed. That is, the
first flow face 105 depicted in FIG_ 1 can correspond to an outl et end
while the s&@8H8"“ 1 ow face 110 depihcted in FIG 1 BEESe¥WFespond to an
inlet end. In FIG 1,F&. h&lsfahdh&ﬁaut|cﬂ¥¥—-§e&ﬁ)§all@&oﬁtﬂ@lautojfbgnéecond flow face 110

are depict e%eﬁéém ﬁﬂalﬁ m?dqg(eﬁaédng?{ "f‘mel =I5 an s{nawm%the@cr%aglhqent s, the first

flow face 102_ econ ace pl anar, for
exanpl e, frust®i® lIfFurther the first flow face 105 and second flow

construction_ 100 (F “wound conatruction: §"he construction
100 wil | typf“‘é&Fﬁ“ﬁfS?cﬁ"é ‘EFd‘e‘h&Prfsé‘i}é‘Fc‘tﬂ“eFFFste%r medi a that is turned

conpl etely or repeatemtt;mggmtje@vaﬁeattvetvopmatttmauw&tbga,}ntrxofthe wound

construction_w in that a layer ter media wll be
rolled a serlthé:gh%fm ﬁ?‘”ﬁ?gﬁlﬁrgéﬂﬂdmﬁ center point. In arrangements where a

wound, coiled constr ugd iiOR ak shd MSHEEbnalRE of ddbth&embAHR ML kRN 100 Wil | be a
roll of filt £°5H§’9°‘°ﬁlﬂéé’-§! cally pernmeable fluted filter nedia. Attention
o) . -

is now directe FIG 2 is schematic, perspective view
denonstrating the principles of operation of certain preferred nedia usable
inthe 2@ filter constructi ofstaeDesaniptiom Fig. 2, a fluted construction is
general |y de?\ gnaf § !,;1 122. Preferably, the fluted construction 122

i ncl udes: ay of corrugations having a plurality of flutes 124 and

a face sheet 132 The Bkl is £re8 ections of the face
sheet 132, at 132A ( dé;%llctlse reoﬁlt?(%)lgbme?f(} ﬁﬂ%ﬁ@srpe%t}‘()é;\?e} %arf/ter 123) and at

132B (depi ct ERPOBEEYHf % e peckP): (yerefemes ﬁ‘;ﬁé?acli%‘@)ipm@wl“éﬁlﬁw the preferred 25
medi a const r medid BRndABISeEkn 60. RipfeRRGRBRMBord @8 GIiraRg. hatein will include

th d to the bottomf heet 132B. W
his moa . ey R RS ARG RaHePT IR L typi cally will bo

wound ar oundmediaB| while theigsiiing $yktem 60 ihdesifyod b ol falder ikcsebeab82B Wi | | cover the

top of the cgﬁa;uung@taeamh &ilct, 2w H¥as. Eak® BPRE! ering the top of
t he corrugated tllt%gj{e g%{e C|t ct ednas 132A. tpshgﬁlljrgl Pl\f;e under st ood t hat

the face sheB®f™® %ttie ?t@?BﬁOat"eﬁewealmoereeﬁnfﬂwfmzd BveBUG 2093
of fluid from passing through a region between the filter pack 50 and the sidewali of

20 the housing or duct; i.e., the sealing system 60 inhibits fluid flow from avoiding
passage through the filtering media 35 of filter pack 50.

In certain preferred amrangements, the filter media 55 will be configured

for straight-through flow. By "straight-through flow,” it is meant that the filter media
55 is configured in a construction 100 with a first flow face. 105 (corresponding to an

25  inlet end, in the illustrated embodiment) and an opposite, second flow face 110
(corresponding to an outlet end, in the illustrated ernbodiment), with fluid flow
entering in one direction 114 through the first flow face 105 and exiting in the same
direction 116 from the 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 construction 100 through the first flow face 105 in the same direction, exit the



WO 00/50149 5 PCTI US00/ 04557 When using this type of nedia construction
125, the flute chanbers 124 preferably formalternating peaks 126 and
troughs 128. The 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 formflute chambers 136 closed at the 5 downstre gg{glzﬂg@n | e
flute chanbers 134 having their upstreamend cl osed formthe ower row of
flutes. The fluted chanbers 134 are closed by a first end bead 138 t hat
fills a portion of the upstreamend of the flute between the fluting sheet
130 and t hewosewwnd faci ng sheet 132B. Si m' I arly, arsecsndssend bead 140

closes the d Cal. Les 1 In sone preferred
systens, bot %Yé@[}%;néh rot eq'g‘ﬂ '%im%ﬁ% se?:“bfﬁ %gqﬂﬁ’dﬁ’élad 140 are
strai ght al oH@h%F'Fg‘b@?&hlﬂtﬁh@}m@@"@lﬁdsm@#mmmmuct| on 125, never deviating
froma strai ght path. + @n@f@referred systens, the first end bead 138 is
both straight and nev¥feugls dstdew el | d550rd e sstorespondiesdt one of the ends
of the nedi anisleresd, prddteis@omd Ii2® facatid Is destrdved eeaidrapadbaas 140 is both
strai ght and_pew t near,.one of the ends of
t he nmedi a coﬁg{%‘reﬁiﬁeg‘%\%aw@ &&Qﬁ%@? CSS%%STI@ 4@[‘%%“ e O%lggds 138, 140
provi de the A@#ieAindEnd cagerrermon @ zputighend, @dﬂthb@co'lﬂﬁv\w‘e@UMt ofilter
construct i ondéfd ar. b eansbrectiohidts @l ikt el f - Supporting without a housing.
When using nmedia constructed in the formof nedia construction 125, during
use, unfiltered fl ui daFISucthe &g fiaw Fape leﬁlsrﬂmsetchﬂﬂbmﬂaheuohranbers 136 as
i ndi cat ed by s@Rch RonShag oAl J:éﬁbogl}{éﬁs ot SIRAIRRLS 136 have their

ul

upstream]‘f‘qndﬁ]aMG Qpen. he un ter ow IS not permtted to pass
through t¥fe B6HREH ferfred Hiren beagn- EJ?""I forrramitle frestocaqeirpb diushed 86 because t hei r
downst r eam efgdlod4Be HIS @ndGécORIAw e 110 et Rt HYEIERARERY. 140. Therefore, the
fluid is forced to proceed through the fluting sheet 130 or face sheets
132. As the unfilt er &goefallyihg filpnensigetion Fafwghbetaveufdlcutstuagpnsheet 130 or face
25 sheet's 132ua it AR chsteticbniifo ih GREA maﬁdcfalzabéreffﬁgrmm@m%rgrﬁfaed fluid is

i ndi cated by the unshaded arrow 150. The hen passes through the
flute chambefSPEEY TGRSRy DAL AEE Rt TtPﬁfé‘t‘Yr ‘é&?ﬁ"éﬁ’]ﬂ@“}@ﬂtﬂ willosed) to flow

t hr ough tihe bpenil, dﬂhm&b)l’cerﬁmtfemehla]yﬁﬁber()IEHgsenas)ofﬂthar&fflEacfe}ltb}t ed construction
122. Wth th th fllte | uid n_flow through
the fluted s ergffg%gag%@hémrﬁ ‘Yr\'?’ao?:ll ngDn ge f'??%% 5:) 30 faci ng sheet
132B, and i nfeBstyetiep lPPé’”H’ﬁaf?BéFﬁ“IGMHWMWablﬂtﬂmdﬁ@dmahaconstructl on 125
will be prepared and thg.\n g FF% forma roll|led construction 100 of
filter media. Wen thi “’““Erysp%"“ el B PsH18 ] idtohamntioresretixs 2903

view demonstratmg the principles of operation of certain preferred media usable in the

20  filter constructions herein. In Fig. 2, a fluted construction is generally designated at
122. Preferably, the fluted construction 122 includes; a layer 123 of corrugations
having 2 plurality of flutes 124 and a face sheet 132. The FIG. 2 embodiment shows
two sections of the face sheet 132, at 132A (depicted on top of the corrugated layer
123} and at 132B (depicted below the corrugated layer 123). Typically, the preferred

25  media construction 125 used in arrangements described herein will include the
corrugated layer 123 secured to the bottom face sheet 132B. When using this media
construction 125 in a rolled construction, it typically will be wound around itself, such
that the bottomn face sheet 132B will cover the top of the corrugated layer 123, The
face sheet 132 covering the top of the commugated layer is depicted as 132A. It should

30 beunderstood that the face sheet 132A and 132B are the same sheet 132,



WO 00150149 6 PCT/USDQ 04557 for use, the nedia construction 125 prepared
i ncl udes the sheet of corrugations 123 secured wth the end bead 138 to
the bottom face sheet 132B (as shown in FIG 2, but wthout the top face
sheet 132A). In these types of arrangenents, the nedia construction 125

will include a | eading edge at one end and a trailing edge &tsthg 5003
opposite end, with a top lateral edge and a bottom | ateral edge extending
between the Ileading and trailing edges. By the tam"| eadi ng edge", it is

meant the edge that will be initially turned or rolled, such that it is at
Or adj acentwoavstlae center or core of the rolled copsidstfkdpON. The
"trailing edge" wll “Hle the ed e on ’the outside of the rolled construction,
upon conpl etion of the 3%6? TS FPHYCSE Lokt 0 The | eadi ng edge and
t he trail i ngcheriepes léﬁmr@lmmwnkpbmmmmhgmlzsomm@ed sheet 123 and
the bottom [ a8endiRgs1ackRabme MEL B b thalidier SR, ng.éam coil, in these

types of nedia constructlons 12 l e a nunb are p055|ble in

certai n met NGO ipshawa ) FI1G2. thenpry Suier fore flutg gampas \‘3éﬁfﬁ5é‘éjat533 follows: (a) the
corrugat ed smmeéhee.damdeﬂumhmert mﬁ»ﬁ@%eﬁhQEEM¥ms@rfﬁxn%t or sliced along

a line or endi |l ateral . ed to the bottom

| at er al edge (or %rﬁzg%t d‘g ers ll? %"?‘g‘f“béa gt %bef‘gégfhblp | ateral edge)
along a fl ut@ISIEWWfWWCaHEeaRIhGﬂB@bWG@H@ﬂmrghle@tﬁoqnd)lhﬂt (or apex) of the
peak 126; andcondhcistfd-Anin.i § Ilsgcgndgggmﬁqoglgg%tp%&%gﬁjnace sheet 132B

and t he sheet ffI corrrugations 3 al on i ne or E@d of cut. The seal

at the trai PfRGUEHGR Ffﬁ]%emf?i?el?t?&”&’rﬂ‘f‘ﬁtjcﬂﬁllﬂvﬁ%mﬁ BBocess of forning
t he seal lat mhwc@lﬂerldebeadumme;d:g@:aidﬁbhll@nﬁmﬂﬂﬂ@ﬁx&d@i‘omﬂﬁcﬁ&ﬂb?nt types of

seal ant may he. used . f ng ;.these se e. Us material is a
non- f oaned seaﬂlranfi fvﬂgﬁllaé gm trgoIr“hscl’llwfé‘:f‘:’“ ﬁyTtémS ﬁ“tc%g&aﬁﬁ M nnesot a,

i dentified UH%SWH@MQ%@QHF%WHE@MIWOr\fﬁ%!nnqulhngldidfew medi a constructi on

125, it may 1bﬁxad@ﬁﬁ1fcﬁiﬁt 1Y whid@he Séond m&ﬁ%ﬁﬁ%&ﬁ?&rﬁgﬂﬁ{d nby@r Wi nd the
constructi on, } into.a roll ed construction of [ter nmedia, 25 such as
u

the filter cons‘%s SEEPEIION Y 6T W opeofthe opnds ok thy FpedizgopstygtionRSsThe an be used t o

coi |l or nAdl |fluchE24muthndbeaddtl 3% HMOipORidd tBe rokidize@ktadtidn025thdxanB8 | N t he particul ar
embodi nent sfblgn\é@m{oiﬁlterEAn ctﬁm 160fo‘dtf£'§ﬂlcf?xmﬁ§)£§§r”c“ 0%1?5 i s wound about a
center mandrel 154 or other elcneat to provi unt i i ng nmenber for

wi ndi ng. The©tdgt er mandrel 154 may be rermved or Ieft to plug to act as a
cote at the center the c IlndrlcgJ filter_construction 30 100 (FIG 1).
It can be appr eci ate ?ha'?g AR SPSTRE ' &6 fonp oA r YR Sr s may be
utilized fordurrglkiamgfitrdidinidfsidhtaggiy augrsiedib@ ciahbpelss asdadechears fil ter nedi a

having apo Okhdfed anrB¥Ala4. ToE BLARINLRN 36 M HAGHRELAGKLIRARED Profile.
The unfiltered fluid flow is not permitted to pass through the downstream ends 148 of

the flute chambers 136 because their downstream ends 148 are closed by the second
end bead 140. Therefore, the fluid is forced to proceed through the fluting sheet 130 or
face sheets 132, As the unfiltered fluid passes through the fluting sheet 130 or face

25 shests 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 [32B, 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



2 6 AUG 2003 WD 00150149 7 PCT/ US00/ 04557 The nedia construction 125 can
al so be wound without a mandrel or center core. One nethod of formng a
coreless rolled construction is as follows: (a) the troughs 128 of the
first few corrugations of the corrugated sheet 123 spaced from the |eading
edge are scored fromthe top lateral edge to the bottom | ateralg ¢digezfpdr 5
fromthe bottomlateral edge to the top lateral edge) to help in rolling
the construction 125; for exanple, the first four corrugations fromthe

| eadi ng edge will have a score line cut along the troughs 128; (b) the
bead 140 of weeadeamt is applied along the top of thFcﬁ‘%ﬁo%EsOf corrugation
123 along the_l ateral ,edge opposite §romthe | ateral edge havi ng end bead
138; (c) the f°é‘é“8§}?¢}‘°@w¥“1l%mTﬁﬁvmrewncwmsﬂeampfqomhghmmer agai nst itself
10 and t hen p#wmklm’lhthagﬂbmlzaﬁm&%u&?ﬁ&%t%iﬂésﬂﬁmﬁr?ﬁh?f&%bead 140; and

(d) the remai GildQ mC0h a sheet 123 having the bottomTtace sheet 132B
secured thereto iscgogir{cg%ﬁe%rﬁgwr quﬁeé?f“iff“ﬁﬁ"ﬁ%‘lf“‘é%ﬂﬁ‘ﬂat he pi nched | eadi ng

edge. I n ot heP"fRR¥ABLES villdeshgd Hedingaipst iteid ansranpedex fRde from the medi a
constructi on cbpditdid, ¥ith QERLEESH RQRESS ri.bed in U S Patent Nos.
5,543,007 15 gd £,435, 810, each ipcof?’%“&?t‘g‘%%%%’gmfl'éﬁeb@?”&ﬂ% herein. In still
ot her net hods_,_{ﬁe 8% FW e fetre tleading wagt iemeap] theedpelyat winkd.  \When usi ng
Gosi gner W | |-t Gopnst e a1 e ook @ ke oo ted e Comst r uct i on
sig W o : . ut si de _periphery structi
100 is closed or f?ockeﬂé#d%?d a“é‘fébﬁftgeeﬂgeé’{)i’ﬁf’“‘st“ﬁéf‘f“frlf"ﬂ"ér construction 100
from unwi ndi F§esBonT¥Res emaleten of thedwriiag oy callingwayess. t 0 acconpl i sh this. In some
applicatigns, the outside. periphery is wapped with a periphery |ayer. The
peri phery? ayer can b °g“q’f’t§ﬁ‘-i%56‘?dd*t?é‘?‘[méﬁd$?é§q“@é’eW&P@eiwaetn,thesuch as plastic
Wi th an adhespwaateithanias sil te botih €te skt B28 YH6re Mfndink BY Skt S Ut i | 1 z€d, the
periphery | aygf it SMeRl e filter o ructjon 100 from unw nding and
prevents the fl uid from 'Eg‘g*s‘?’r‘%“%‘ "F(I)%g%tl%ae““%’h"trgﬁ“&é“&ﬁis’ﬁﬁery of the 25
filter const MUETHRctPdOhe o8 ptiedsadipgrggeds formiediistioliohs: qugh: | ow t hr ough t he
filter constormgitdameti®0ind Dbk BARR 138RLL QP zsﬁcEJ‘af[?%:féL{iJe%{ construction 100

is secureg in., .0lle construction by sealin railing edge of the
medi a constr gff%%ﬁélﬂ%m\?ﬁct"ﬁ%éﬁﬁﬂ edzti e peramderad edge G frorathobrgiora | i ne 160 (Fi g.
1) to secur e 'qrbedge ta kit lop ieatiger) tionst e MMEGhESa B B EHRGEHEH the filter
constructi 0”Paiﬁ@oraﬁwoggé(&mlzg.’anﬁbﬂ?aﬁgtisc’Jpp[QS’E&w”c%hLebrE% mflgg applied along the

line 160. 2 6 A W20
shectLIJ?%B and the sheet of corrugations 123 al

ong the line or path of cut. The seal at
the trailing edge can be formed analogously to the process of forming the seal at the

20  leading edge. While a number of different types of sealant may be used for forming
these seals, one usable material is 2 non-foamed sealant available from H.B. Fuller, $t.

Paul, Minnesota, identified under the designation HL0842.

| When using the media construction 125, it may be desired by the  <Zf--m -
system designer to wind the construction 125 into a rolied 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 mandre} 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 cyhindrical 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.



WD 00/ 50144 8 PCF/ US00104557 Attention is again directed to FIG 1. In
FIG 1, the second flow face 110 is shown schematically. There is a portion
at 112 in which the flutes including the open ends 152 and cl osed ends 148
are depicted. It should be understood that this section 112 is
representative of the entire flow face 110. For the sake of ¢lary 5
sinplicity, the flutes are not depicted in the other renaini ggbap%uqllzm of
the flow face 110. Top and bottom plan views, as well as side el evational
views of a filter pack 50 wusable in the systens and arrangenents descri bed
herein are 3JP#ed in copending and comonly assi goedsibbsfss Pat ent
Application Seri al d Febr uar 999, and entitled,
"Filter El enent Havmmcé%ﬁbg&mkz%ugcm bgrgllé Itxnocgrrﬂ%fhaoéd by 10
reference. TPV PR ﬁ’&w&“&dﬂf@m@wﬁ%@ﬂpﬂdﬂmm@mgw feliesoq) 100 i s shown

installed in the&oﬁgﬁuﬂmghﬁﬂﬁfc‘&mgﬁmﬁam&ﬁn@%&sh&i12§§ba@ekx¥md1 ntake duct into
an engi ne or ellleacpg%cd n pcfﬁ arran %”ﬁ% air flows into the housing
305 at 306, thiougn RS frap hg (gp e F‘i‘%ﬁcﬁﬁﬁml“é‘iﬁa"déﬂf’r of the housing 305
at 307. Wfen ﬁﬁ@d]céo@@mm‘tmﬂlﬁgipmedgelﬁlﬁbufrbﬂlﬁﬂecﬁlﬁﬁ&txd‘nuctI ons 100 of

the type showss; & SaHae the ik féhr G &gﬁMaé%% 588kd ng system 60 will
be needed to ensurgultﬁhag alrrfl éaﬂ hr ou ih %‘Qg%m vcacf"c(:?rrfstructl on 100,

rather than BJH @“?Wewgsr@hﬁc%@\}@eﬂﬂlﬂ155’,P11°§quewﬂr¢g0m enl ar ged,
fragnent ed Viﬂewhcexfofdoh@anoﬁﬂiB&ﬁﬁgﬁa&&ﬂrcﬂgéBb@ﬂtemtHc Retfdabed in the housing

305, the par I i ct d i ncl udes_a frane
constructi on%‘lif}"ge{?drbaa%q {egﬁel n%elge Za]ngE °f i eé"’t’?iﬁém%f*selfseal ing system
60 is useld, wufdhen pigghed tegsihertorhgetrlcdwithitfGeqtntherddds; asi (SURPE@Edningt r UCt Ur e or

backi ng agai mgﬂag}gg}limlwm%{mgghcgﬁgﬁ%&%gwc?lggsed against to form

a radial seal 172 with duct or housli ng in reference to FIG
5 in the paf‘{lf ) P EBLhG RinshRd leatiwmdes t he 25 frarre construction 170

por tion ot ona. of "t hiar e BRiobched ARl b B B Bt of the {11t er
const ruct i onrPCtioTiS by pugimgtedpresessest as éqqcr@wnUlsrPatemeJopama oul ar arrangenent

shown i n 15FI éad 5335, saﬁ,kﬁﬂdzsor@&teah}Mfcieﬁc@ﬁ@r&rh@némﬂ%ﬁ&qﬂ n&ljxgv&lface 110 of the
The partl cul ar I ment shows the

filter construlacosgllmgi be
proj ection 1'7‘ LRTHIFSP B Ned P dabove 30 the entire second flow face 110,
due to the planar Sh%&ug&g%ﬁe%c&ﬁ&%{‘oqssfulc Oa\évﬂ:];?'ﬁ;crcon.fnuctto“Lda?ErrangerrentS wher e

the flow face i s non-planaf, such as gusto0-conica S AlJI G 20,03 WD
00/ 50149 9 PETFdseiencn¥ilsmt to ensure that the outside periphery of the construction 100

is closed or locked in place to prevent the filter construction 100 from unwinding,

20 There are a variety of ways to accomplish this. In some applications, the outside
periphery is wrapped with a periphery layer. The periphery layer can be a DON-porous,
adhesive material, such as plastic with an adhesive on one side. When this type of
layer is utilized, the periphery layer prevents the filter construction 100 from
unwinding and prevents the fluid from passing through the outside periphery of the

25 filter construction 100, maintaining straight-through flow through the filter
construction 100,

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 scalant along a line 160 (Fig. 1) to secure the trailing edge to the outside

30 surface of the filter construction 100, For example, a bead of hot-melt may be applied
along the line 160,



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 extends above the projection 174.
FIG 6 depicts a cross-sectional view the particul ar fran? Oﬂ@gqgggion 5
170 depicted in FIG 5. In FIG 6, the projection 174 shown has a pair of
opposite sides 176, 178 joined by an end tip 180- In preferred
arrangenents, one of the first and second sides 176, 178 will provide a
support or‘R9c§Jpg to the seal nenber 250 such Ihq; % %g% 172 can be
formed bet ween afid agai nst the selegted side 176 or T7EYRA the

appropriate surface aftentidads dainidiietig tOFIGAU &t FIGVWh@esctdnd Sovt figge Of constructi on

is used, the | J.an 4. Wi | ) . F DHOUS r formng a

cl osed | oop g%%ﬁ%&ﬁ%gg%%gﬁ%ﬂ%éfm%h%?ngﬁéfgggpﬂﬁgﬁﬁgid _ can engage or be
adj acent to @t Méyl5hmd Flpredeniote ap drpicted At shuldibg woderstepglghasthip uct ure 182, or the
exzI erior S}dﬁ?]&ﬁlﬁlzﬁfrep?e%taﬁ\ﬁé@ﬁhﬁnfublﬁ&ﬂ%&lﬂ(B%rrdMﬁl;gom@@jlde L he interi Ord
side 184 the |o structyre 182, e seal ne r. 250, can be conpresse
et veen t he BPUFECRT B F9 L g S RERBE T LS AP0 t by n ¢ b | oop,
such that 1510hEopprdijetnt lanieds 4 veeh e sgle elbvaimsaityews @8 0ltecpacicinscr i bes the

t ubul ar nenbl%ﬁb"ici;m\h@ste Mgaﬁ%ﬂes&ﬁ,w@emﬁga&pmﬁn%&m@% agai nst the

e tubul ar nenber and t

outer portion of the 't De; ) he Interior side 176 of the

proj ection 1PAmeEnsigaEU Pt dppligitipnfeaal Mo 2P/ 10HIRR filed Bsbragidher 250 can al so
engage the ewb®kidehitlp HillePBerdd6i0thg $daithe SY-RA hetih edpered §82. When this type
of constﬁHctiPn is used, a housing or duct may 20 circunscribe the
projection 174 &fd | oop structure 182 including the seal menber 250 to

forma seal between aud,AQakdiek. of ACuRMLEAIuEsR0 & 48w hxlild@inPr 0j ection 174
and an inner surface of the housing or duct. In certain preferred

ar r angement s2 Bopys 3&uyhichrambsaprt ef gppirinipks greking an eigiBRAEFEoh B ° of the interi or
si de 184 andar@ige@ént Howis hitwl B t@holshgios adps, Shdugchesiier 182. I n 25 the
particul ar enbodi.ne sho in El seal. nmenber 250 engages the end
P 180 of “PREUPERD R Roufta s oot Wl iR BREREN P T00D0% 00
covers tHé pisditecanstonptions] [PAoffitredmre shven asoseslrin pductor bpusing@65. 2over the end tip

180, and to {h&giabRbd Wi bexeiSd td Sflure fift LS idvs @RoukiStnéthdaict ed to FIGS. 4, 5 and
6. FIG 4 is a schematic I view of the sealing system60 of FIG 1,

v plan |
FIG 5 is a PPETEheRsbidmstitc, cross- 30 sectional view of the filter

pack 50 of FIG | installed. i i : 6 j.s.a Z G AUG 1303 WO
00/ 50149 10 PC17US00 g%lc"r%é@rgﬁ;ﬁéc"ﬁ‘%c‘?g@%g@gg |°<l3tgﬁa "g'v‘%fg’\?v of the frame

CONst I uct | onfET@nsERctipthiS0 iealled in ghe Bypsipas3s, the particular sealing system 60
20  depicted includes a frame construction 170 and a scal member 250. When this type of

sealing system 60 is used, the frame construction 170 provides a support structure or
backing against which the seal member 250 can be compressed against to form a radial
seal 172 with the duct or housing 303.

Still in reference to FIG. 5, in the particular embodiment shown, the
25  frame construction 170 includes 2 rigid projection 174 that projects or extends from at
least a portion of one of the first and second flow faces 105, 110 of the filter
construction 100. The rigid projection 174, in the particular arrangement shown in
FIG. 5, extends axially from the second flow face 110 of the filter construction 100.
The particular FIG, 5 ecmbodiment shows the projection 174 axially projecling above
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



60 of FIG 4. In general, when using frame constructions 170 such as those .
described herein, the franme construction 170 will include a franme 205. The
frame 5 205 nay be a variety of shapes. In the particul ar enbodi nent
illustrated in FIG 4, +the shape of the frame 205 is generally circular.
The frame 205 depicted in FIG 4 is convenient in that it |§F@Qr@ngﬁﬁ and
configured for attachment to the second flow face 110 of the filtef®
constructi on 100. Referring nowto FIG 6, in the particular arrangenent
depicted, the 10 frame 205 has a band, skirt, or depending lip 251 that is
general |y cwoduord# and has an insid dianeter Pr ef ec-atdodassh he 1 nsi de

di aneter is [ iﬂa; e outSIde meter_of the filter
construction'1 CI%‘I‘ eper'i;gs:éngp"fJ ‘%T"‘He‘ﬁ) f‘gcrf%w&?fe‘:ﬁﬂs down a first

di st ance fror?i‘“&‘%dﬁ@ﬁ“%ﬁ%@cmtbﬁrmsldberaa:cmrpaﬁ@aufhe depending lip
251 is arrangedmasse kdeich@dbREnd Ho;Q%dQR4 radially around the second 15 flow
face 110 the filter construction 100. Referring nowto FIG 5, in the

particul ar enbodi merfiG.ddgiastaethss- sedﬁmad&pemﬂﬂﬂgﬂalrﬁﬂne%&lm@iﬁnends radial l'y

around t he sqeRRgcdd iOM .jalgg h 100, such that the
depending i p, ZSQGtexIteﬁ E%%gla&foﬁém& 7|f4rShst é %?1028""8? ®the second flow

face 110 of tH&f§ F?é‘?‘“%@f@ﬁ@d’éﬂ?%ﬁﬂ%ﬁdﬂ‘@lﬁ&cmﬂﬁgonapﬂheoﬁmamldap regi on 255.

20 The frane s26 sids 110, elgeiIEfdvitle 8 QBMFQEbabiGhglid e £t b Ster S9R3L F Ucti on 100. A
e filter construction 100 are

variety of re t fra

possi bl e. mtsasw? .llacu:éag’fmgg?}‘é‘?e’éﬁéﬁ%S‘il%t"%%‘é?d%‘“tl?ﬁe“‘?‘?“arre 205 to the
filter const anwurﬁ@eofﬂnsoubygqnsl&t Ofheduthis agibieSonstuctidnts usda@hdpar t i cul ar

enbodi mengy d Bea{oﬁdmlumd:h% i EJA ' | n the overlap
regi on 255 bgtjween the d Bgﬂ F‘ﬁg ber g@%ﬂcyogedlﬁg%ﬁ ;I&qu i construction
100. Pref er aft yhe st B Wé“gﬁ@ﬂhlﬁﬁ@?ﬁmipeaﬁeﬁlwémwmlﬂcﬁm 205 to the
filter const lcup::ttmmne ﬂs@.&rMctxteﬁorﬁ:ﬂemeaﬁmdl@ptsthﬁrufehsu vkl QB3g lngakl ng out through

the overlapgfedl tyeen t f construction 100 and the frane
205. In alter nab%@,g@% O R °mre?%e‘!h gﬁ’@ %é B Efborarily attached
to the fil teF’e“Bﬂ@ﬂ%‘mEOﬂWﬂ‘i@ﬁam@@armaybctlh@nddanmm%m@rcamml y," it is neant

that the fsr ap®pdeio By arldeal hEFREFLif R M6ENE :Ib Fdme&GOPGS ruction 100 wi t hout
damagi ng elther he seal |Igaws ystem 60 or the ilter construction 100.

During use of°f fradityisal twech and pepnet thepFreption dthe bHar miembwar d forces are
exerted ar oumd&tchmenmsrdemﬁfo&h@ﬂ@cemmfwi(blﬂtﬁeﬂ&ﬁ&u&%1329 oss braces 210 support
the 26AUU213

The seal member 250 can also engage the exterior portion 186 of the
loop structure 182, When this type of construction is used, a housing or duct may
20  circumscribe the projection 174 and loop structure 182 incinding the seal member 250
to form a seal between and against the outer side 178 of the projection 174 and an

inner surface of the housing or duct.

In certain preferred arrangements, the seal member 250 engages or
covers both of the interior side 184 and exterior side 186 of the loop structure 182, In
25 the particular embodiment shown in FIG. 5, the seal member 250 engages the end tip
180 of the projection 174 as well, such that the seal member 250 covers the Pprojection
174 from the exterior side 186, over the end tip 180, and to the interior side 184.

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



WD 00/ 50149 11 PCT/ USOQ 04557 frame 205. By the term "support,"” it is:
nmeant that the cross braces 210 prevent the frame 205 fromradially

col | apsi ng under the forces exerted around the circunference of the frane
205. Referring again to FIG 6, the particular projection 174 depicted 5
preferably includes a tip portion 263, or annular sealing support. In the
one depicted in FIG 6, the tip portion 263 is generally cir@ufahi@mridi3s
arranged and configured for insertion into a housing or duct. Wen
circular, the tip portion 263 defines an inside dianeter. Between the tip
portion 263wam#sotshe depending lip 22& the frame 20%crigagdidifdes a step 253.
The step 253 tdes a transition ea between the |arger 10 inside

di aneter of t ee%&ecb%%aiseﬁgm%ivﬁwfg%cg?ﬂ:fcf“f'f5”°§?fhll7pé?“‘qsﬁ*§‘f’%|%’5‘ﬁ’i'arreter of the
tip portion 968t IG\fhen constructed accor di ng to the arrangenent shown in
FIGS. 5 and 6, the tj rid .263 provi des ort for the conpressible
seal nmenber 2‘{2%" .Theﬂnggﬁlglf%iéegp%‘?g_ghg'g%?Slfr%%tf?ﬂseagg‘gbasiﬂ?sbreferably

construct ed ARYTKf PUTY &8 e estretiorsi 79 pilkinlyde b franee?8prBe S e t o be

conpr essed® b@0fweerbe waicty iofshypes. i teparBAaeibidafenf i@dtRed iR 4nd a sidewal | 260

of a housi ng ashaisttihe SNER S SUE Ll SRLLY TR between. the tip portion
263 and the %hﬂgml.lnﬂéqqé racgad\?{‘%ﬁal ) 726%6?%%%@6 %%@\Eeﬁ the filter
pack 50 and the. sidevall” $EHR F‘E?‘X]}m&f‘a%%mé‘i‘éecmﬁsﬂﬂ“bl e to secure the

seal nenber %9100ty lter eppstrugtion 98y t i on” 263. One particul arly conveni ent and

referred way is b i h al ., menber 250 to engage, cover, or

gverl ap bfot hit he oét (ra%%keglélg_?oa togﬁaéfg‘lwﬁpwu_?ﬁga%f“ﬁ“tdﬁﬂgﬁfﬁﬁ 263 and the

i nner radi‘al TEPGE- 5% by skiffeer dippndisg fip 239 thapig Benerpliyciradir g htsae end tip 180
(FIG 7). Onénsidadittetn| Brsferabiyhtelinsirtian@ier it fpfoxia@idk legdl @ik On i s depicted in
FIG 7. Theonad didRehs e 280 conliicdch Bo. %‘hc%@%ﬁ}é@%p‘ r%(s]c%%\%lsl the tip portion

263. 25 The t]j tion 263 of the frane or support
structure -bet%/fglgsg&gvﬁagrétgdﬁsfaﬁ%?mﬁﬁp?mm&%%\‘Eﬁ“:ﬁPf%‘Eé‘l’mﬁ%O-nﬁy be formed by the

conpr essi bl e 4PEe fip Al dyarramel andppafiguesd s radialip brotddenecangar essi bl e seal
menber 25G afiow fage I9@Ak filRgeoayminiom BORE Gy Bhes BB & inshiphlighgnt to forma
radial seal uAShBinenuBSRn I R R7 45 55,00l R LER1 L Lhan 8O 1bs.,

5's or £

—e

typically, ng f_:glrlsratt“%rf t haﬁ, 50 N 30° ©se49889™ 20- 40 1 bs., and
| i ght enough'to P& Perdtsi L9% wehthayfhe dependipe i AT qatenduinbdasd tikand.  Pr ef er abl y,
the anmount oftrsisirpreatss wrendfov fae | borfpe 688 cdikwict@abo, admmper 250 is at | east
fifteen percewntlapr@iabier ably no greater than forty percent, and typically

between twenty and thirty-three percent. By "anmpunt of conpression” it is
20 The frame 205 is preferably secured to the filter construction 100, A

variety of ways to sccure the frame 205 to the filter construction 100 are possible.
One particularly preferred way to secure the frame 205 to the filter construction 100
is by use of an adhesive. In the particular embodiment depicted in FIG. 5, the

adhesive is oriented in the overlap region 255 between the depending lip 251 and the
25 filter construction 100.

Preferably, the adhesive permanently affixes the frame 205 to the
filter construction 100 while preventing the fluid from leaking out through the
overlap region 255 between the filter construction 100 and the frame 205, In
alternative embodiments, the frame 205 may be temporarily attached to the filter

30 construction 100. By the term “temporarily,” it is meant that the frame 205 may be
removed from the filter construction 100 without damaging either 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



meant the physical displacement of an outernost portion of the seal menber
250 2 0 AUG 2003 WD 00/50149 12 PC17US00/ 04557 radially toward the tip
portion 263 as a percentage of the outernpst portion of the seal nenber
250 in a resting, undisturbed state and not installed mﬁthg? hggcgmgr
subject to other forces. Attention is directed to FIG 7. é IS an

enl arged schematic, 5 fragmented view of a particular preferred seal

menber 250 in an unconpressed state. In the preferred enbodi nent shown, the
seal nmenber 250 is a stepped cross- sectional configuration of decreasing
out er most dVA&¥8Hdns (diameter, whep circular) frorrsbiessst end 264 to a
second end 2@Gam. 308 Bf mé@M@sﬂﬁéﬁﬂﬁphgmﬁﬁﬁhmBﬁgbmwr?ﬂﬁ%Jeg9SpeC'f'Cat'ons for

t he proflle §f hﬁﬁﬁﬁartl ul ar arrangemnent 10 are as

fol | ows: B Ff‘g“" calaPries orer Br forsssxeilfd aopddieal ity of (preferably at
| east three)°ﬁW@§ﬂ@@§fWemymﬁéiger steps configured to interface with the
sidewal | 260 (FIG %&&an ro%;ﬁ fluid- tl%ht seal . The conpressible
seal nenber 250 definés ae Eﬁ%ﬁéﬂé > pa\“f‘fﬂlf“é’é%‘i 1iep 174 #pigehal di ameters of
surfaces foor Piefstally fngluden g tingoptien 243eor shmlonvsdling 26@rt. Bpleoinf depiated y, in 15 t he
exanpl e showin Rl 6Fth&ip phrtios 168 ispemsple Sfculh a8d ﬁ&&hgeﬁ&meﬁﬁg&@foﬁefl nes three

Leps 266, 26L@th. _qnal. . dth of the st
B0 otk AR et LML L e

266, 267, 263 nc&ease@
second end 2BBYF Prgcen BHR)‘?“E?E?@Iaéd@%‘&Pe“ S1gdamy s snml | er di anet er

at t he secondcladrda 26353 Thowep 253 prvidas yansitkg@red baweeh tit rger duct or housi ng.
The | argemw dhﬁmﬁxﬁr{eteaﬁfﬂ{elaéi)erfcﬁrfgﬁb 28N6d tg@énallezgasi@@&&fﬁc?c?oﬁlctd ght seal. In
general, for _a.pneperly functioning radially sealing structure t he
conpreSS|bIe seal nenber 250 needs to be conpressed when the elenent is

nmounted in the housuvngn&%uaﬁaeudmngwtﬁbaﬁa@ym&mmm@ﬁzscpnstructlons it is

conpressed and. for ercent (often about
tV\BmI’::t y 1 0 N hgﬁ%vﬁ@[ﬂa pﬁﬁgﬁgﬁ Enloinhc% l{} (R‘?’f?r%c comygr’smblﬁn a]trx n‘RJ ZQIfhe ,E hi ckest

rt ree 2
portion, E?éé?ﬂ?“yﬁf émg??aﬂUSWHHEQX“§%&Wﬁay%¥m§¥¢Pwebe one that can
result f rlém vy yreomprkshibit fotn capfpressadbesteenterip paftibh2d3 of ®€Famen  t he or der of

80 pounds or2dsaficsas:deﬁﬂffzeasa*alhyusﬁgorme&n@ﬁenqafﬁé@@?cong&gseﬂﬁe% d—ﬁ' ly 20-40
B0 pross. 11 o eaathon el b BLaPR0 it R b S0 B, “Guct ' 1n the

30 press-fit agal nst rthe
specific pack 50 and the s1dewall 260

A variety of ways are possible to secure the seal member 250 to the
20 tip portion 263. One particularly convenient and preferred way is by molding the
seal member 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 embodiment of this configuration is depicted in TFIG. 7.
The seal member 250, in FIG. 7, completely covers the tip portion 263.

23 The tip portion 263 of the frame 205 defines a wall or support
structure between and against which a radial seal 172 may be formed by the
compressible seal member 250. The compression of the compressible seal member
250 at the sealing system 60 is preferably sufficient to form a radial seal under
insertion pressures of no greater than 80 Ibs., typically, no greater than 50 ibs., for

30 example, about 2040 1bs., 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 outermost portion of the seal member 250



enbodi nent shown in FIG 5, the conpressible seal nenber 250 is conpressed
bet ween the sidewall 260 and the tip portion 263 of the frame 205. After
conpression, the conpressible seal nenber 250 exerts a force against the
sidewal | 260 as the conpressible seal nmenber 250 tries to expand outwardly
to its natural 2 6 AUG 2003 WO 00/50149 13 PCF/ USOQ 04557 st Atfe AUfo2#i3ng
radi al 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, peL&Restive 5 view of an air cleaner 300. In certain systens,
the filter pack 50 is designed to bexinserted into E&¥&owksmg 305 of an air
cl eaner 300. TFHaly rowlitedip BOGoNi263 dsy Pir@atdelof Mbilterm&¥ portidG LAY K i n airflow
conmuni cati OWEEh&?ﬁBO@I{m&i&%@*ﬁEM @ergn§90rtia}gleg%ne. cAs used herein, the
term "ductwordgr or sdyct” will i nclude structures"SUEHeS pipes, tubes,
and air cleaner housings.” 10 A variety of housings are usable with the

filter pack 50. In t heuenRidd:esh rrenbog] FRULfigphched, in FIG 8, the

housi ng 305 igEhdiAESie@oAOdY I rst houdi iy eonpart ment 310 and

e FE R oL

‘a renovabl e cover or second _0’315|rﬁ°§s ‘?‘?ﬁé’rztsﬁﬁ‘ﬁt”“!}&@?fesw sonme arrangenents,
the first hod&int} %edrard sabplime thown; the sehfriexaber 250is amerphj @gd-, such as a
truck. The séttend! configartivg ofxermaing suBRhosilRenkisns IRatRIQYaP! Y secured to the
first housi ngireRAmMGLERNMG ZkQ hj ng.devi.ce 320. Preferably, the

| at ching devipgg, 320, incl uges apeéclog(}% ?{tgs)’/{og’%lﬁv% eéﬁ%@”é%: Wi | e the housi ng
may have a vari ety ol et osg-Eeenieshls raticuarrengerannt hoven in FIG. T he parti cul ar
enbodi ment® | Prask ‘H‘Féﬂ?“'%@arﬁifmtmaaﬁdh@eagepmmh@us@ragmmggrrpart ments 310, 315

are circul ar leas threbfeogasshall GefERps SRRkl {%qnterﬁa&qvifhg%%}de»@ﬂg% ng 20 conpartnent
'S

310 has an oyl el adaSah, ML, Jg outlet region esigned to allow
the fluid to f|§& oEt of @ﬁg"¥?‘qer assenbly 300 during use. Sinilarly, the

second housi ng COWparThmmt‘Jre@ibﬁsﬁ&ﬁeﬁ&%@&&ﬁcsﬁ@ﬂbi%oé&?&a i:;Ehe inlet region

335_ is desigreg (ﬁﬁm@}sb%fgca%orfirlt&fag’ngt\athftileos%yevlvaﬂég%j[sheif %}Ltie!’ assenbl y 300
uring us&‘.s 0. aplrlefherreg constructions, the i“RY"'S ™11 be an in-line
housi ng. SUCHP'T RV Py, {1y theycoppissiblp sealamrmigi @59 definss threegiron 335 ar e

coaxi al | y al f§nd,26% dhperpstistctiorial dihapsibl @widdt dTee wgh 26d)867i ket regi on 335 and

f1 ow t hr oughintrgesaatrbr@ér tice@d 10, B33 Qs i0eddBe RBITB cndBkf §GL! ON- This can be seen
in FIG 9.

compressible seal member 250, The smaller diameter at the second end 265 allows

for easy insertion into a duct or housing. The larger diameter at the first end 264
20  ensures a tight seal.

In general, for a property functioning radially sealing structure, the
compressible seal member 250 needs to be compressed when the element is mounted
in the housing 305 or duct. In many preferred constructions, it is compressed
between about fifteen percent and forty percent (often about twenty to thirty—three

25  percent) of its thickness, in the thickest pottion, to provide for a strong robust seal
yet still be one that can result from hand installation of the element with forces on

the arder of 80 pounds or less, preferably 50 pounds or less, and generally 20-40
pounds.

In general, the filter pack 50 can be arranged and configured to be
30  press—fit against the sidewall 260 of the housing 305 or duct. In the specific
embodiment shown in FIG. 5, the compressible seal member 250 is compressed
between the sidewall 260 and the tip portion 263 of the frame 205. After
compression, the compressible seal member 250 exerts a force against the sidewall

260 as the compressible seal member 250 tries to expand outwardly ta its natural



The fil'ter pack 50 is preferably constructed and arranged to be press- fit
agai nst the sidewall 260 of the housing 305. In the illustrated enbodi nent
in 30 FIG 9, the second end 110 of the filter pack 50 with t@egaﬁ&;ggaﬁf
frame 205 and conpressible seal nmenber 250 is inserted into the fi

housi ng conpartnment 310. The filter pack 50 is press-fit into the first
housi ng conpartnent 3 10 such that the conpressible seal nenber 250 is
conpressed between and against the tip portion P C AUG 2003 WD 00/50149 14
PCr/t 1S40/ 04557 263 of the frame 205 and the sidewall 260 of the fast
housi ng conmardssesat 310, to formradial seal 172 t?gebetween. During use
of the arrangenment depicted in FIG 19, the fluid ent SF&¥HE housing
assenbly 300 S {oFaing wfial seal I7g beswees8E agrinstthrgippecionzts helsd ng conpart ment 5
315, in the dfigepali260n shown at 306. The fluid passes through the filter
construction BlOOFl g the fluid passes through the filter construction 100,
contam nants are fromthe fluid. The fluid exits the housing
assenbly 300 at the OWfdiBdnic L4 k. .the direction of 307. The

conpr essi ble seal. ne er%lsbd;%?éd?ﬂlgésggé 'i@r’lsg“ghf?f“&n‘feésﬁ“f“&rrrs radial seal 1
72 to prevent contam MArEt s IRGramsystsaheititprRgek B0 isdrgienbdyosd ng assenbly 300,
wi thout fi rstin5addnnghonsineG0Tf at dieclchick 3081 TiRonEingG0s ik §PicaiP@r C. FI GS. 17 ands
|t shoul d be aippred iatiycliabunlciSe bk &Sl BAC kg2l 1§ ARV 6,200l i onal
separat ors f QfedgRSUr i t he ropriate ‘degree of filTtering is
conducted. The lgé'g’éfﬁ)ﬁ?gt Jic}{r%ém%a?f %‘gpgﬂ{)‘ﬂ%‘%‘e tpsrresm BPiPeshe filter pack 50
or downstrearﬁ“ST’&QdWEGIF?“Frt*‘é‘I‘S'“gSpack_ 50, dependi ng upon the particular
applicatien and the dgsj: ts. The eparators can take the form of
pre-cleaners in some g%%g?frr}{eo%?gi ar%“rsabpe()“'s'?‘%&clﬁzt?{)?é‘?kéo' Indisch as safety filters
or secondarypf“l“f‘?aé?’gli”.‘"‘Frﬁd‘ﬁ‘&&i"t“i%(ﬁ,& thfwydneg@piaeladens mdymymtoe in  the form of
singl e or mul°t# frtdotsty exmpargdentsild 406 b krgvabR dovas ork@6RLEAing| t her upstream or 20
downst r eam ofcorhpa@ménk § 1t €1 s6rRLShpbthdnks AR fi‘rQQousiI%S%mI L&nﬁeerngmdi a used in these

appl i cati ons ,whld., LyRLSal LY. be ected base uﬁon € tegree of filtering
desi red aP;d “the ¢ rmo?},ﬁt&’%gﬁh)ésrae% d?iellchffefs‘??df‘ﬂis’f‘%‘d’%@ﬂ“ebvif e filter media. For
t

exanpl e, FERPVBH SeH%H © thefirst i ting campegpkit 8 Wity @ beching devicsaxdesi red to filter
out | arge paftefesblegheletkitg divice 320ahids aSlicdiydblachgamwes, butterflies, clunps
of dirt) while i ntroq@‘?i ng little nore additional restriction. 25 In this
application, a |ayer ‘Ot Rebusinesiayhavgs varieyioberessectiont een can be used

upst ream of cofigutipst ie the patirater crdbdiomt i@ated, the ABYandlesa REsEESI T ed o

i ntroduce ancaupekrhdn@BAY, 315 are circular. In the arrangement depicted, the fitst housing

20 compartment 310 has an outlet region 330. The outlet region 330 is designed to
allow the fluid to flow out of the filter assembly 300 during use. Similarly, the
second housing compartment 315 has an inlet region 335, The inlet region 335 is
designed to allow the fluid to flow into the filter assembly 300 during use. In
preferred constructions, the housing 305 will be an in—line housing. As such, the

25

outlet region 330 and inlet region 335 are coaxially aligned, to permit air to flow
through the inlet region 335 and flow through the outlet region 330 in the same
direction. This can be seen in FIG. 9.

The filter pack S0 is preferably constructed and arranged to be press—
fit against the sidewall 260 of the housing 305. In the illustrated embodiment in
30 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

compressible seal member 250 is compressed between and agatinast the tip portion



anmount of filtering just downstreamof the filter construction 100. This
can be acconplished by a layer (or nultiple layers) of nedia i mediately
downstream of the filter construction 100. 30 Attention is directed to
FIG 17. FIG 17 illustrates an alternative enbodinment qf the filter pack
50, shown generally at 50'. The filter pack 50' is confifglir AdGaif§3

constructed anal ogously as the filter pack 50, illustrated in FIG 1, wth
the exception of the first flowface 105, that corresponds to an upstream
or an inlet end 106'. FIG 17 illustrates an end el evational view of the

filter packWs@msi® 6 AUG 2Q03 WO OO/?0149 | S PGI/ USe¥rldddemasé» Vi ewi ng the

t d ticul.a k 50' illustrated in FIG
17 The ent e Sl MR g 5 ol e i PP T 107 o

separating | {FG&dahspllihaderedm t he gas st ream before the gas stream
reaches the filter c e e plication and
mtl &Qgﬂt&%mré%r?fhgga 8 ({' 9 lﬁg%u&dﬁlgerffgg

t he desired (ille ree of]f3| trati i‘on ia 107" can be
of a variety o Wﬁ/ §adly APt Fegipt LA ef %ﬁ@%%ff‘f"éﬂfgmpaﬁtﬂﬁé medi a 107" will
be sized tho &% qd@'FCt'PMOW@WWaﬁeﬁhldmaﬂsttsItlli:dugsthsﬁmehcoaﬁruhidﬁt erflies,

|ea\é|es h| ar g&jﬁ%|?fm31uﬂfpasddsﬁ1}mglﬁﬁ\§h@téa€sﬂu&1¥lpﬁ)§ BitartlGRes s - Oneltype of media

usabl e has thg, tics a erties: polyester

material ; 50% of 4 Olnq%{glfﬂgr gh elcﬁl% helRiie isée"g’g"pr?oggﬂﬁﬁﬁl'SSO% of the fibers

bei ng about &2HBAT el thsdircgEangh3o7. ﬂ?émmfswlﬁéfelrmwrdﬁmﬂthe fibers toget her

bei ng oi | r esdabrtegyrteny (Qliyms radinl déaf 172 6 PrRVES! cortaasteSlvid@inOhlinof 6.6 0z/yd2 (224

9/N2) | 3 1ol ekBASg LendhO, wihodlick BENG o RETE DL 'caamj) about 3500 film
SCr

ina0.5in H2Orestriction ove may al so be desirable
to introduce separation downstreamof the filter constructl on 100. One

exanple is ihl usm FIG 18. 15 FIG 18 is an end el evational view of
an alternative e of the filter pack 55, as viewed fromthe second

flow face | 10". The Itfshduid%E aﬂ?ﬁglktecﬁ tth§ h%%ack@ﬂ &h E&v% %ﬁéltlonﬂf construct ed

anal ogously ar;mr,forc L8 HRAC exception of an

addi ti onal segar ator T 'Igfh CSEpé"t"Eﬂc‘Efé’iﬁh%ftﬁllt‘érﬁ‘ﬁfsdfndt‘ﬁé i ter construction
100. Wi 118 as"pf%{?‘?;@weché%@m%nﬁf@rmcw&mm‘elmbsbhﬁucn the particul ar
enbodi ment i packis, deptreilg ipon 20 prdiclar algaxcattohaxdﬁ‘tﬁm@sru@& ,@;uhg Yhesei S in the form of

a layer of Arﬁog.gag 4,9@@ t. filter construction 100.
The I ayer o?ﬁg ) X &predc?‘éﬂ;%;&%% c?d"?emf R XEERt and agai nst the

filter const ngaf S(%f?ty ﬁsmd?co'i‘df“yﬁﬁ‘ifs)b’éaﬁ%‘@&t% seppEpgray bam of the frame
205" . | n t hethpfen plsingls prratitett liyers B fBering Sredib, heaterithen upkdadin of S

20 downstream of the filter construction 100. The filter media used in these
applications will typically be selected based upon the degree of filtering desired and
the amount of restriction introduced by the filter media. For example, it may be that
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 Axtention is directed to FIG. 17. FIG. 17 illustrates an alternative
ermbodiment 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
inet end 106". FIG. 17 illustrates an end elevational view of the filter pack 50,



i edi at el y downstream of and against the filter construction 100. That is,
the 25 nedia 112" is |located between the filter construction 100 and the
cross braces 210" of the frame 205". The type of nedia 112" utilized will
depend upon the desired degree of filtering and the anount of restriction
that is introduced The nedia 112" can be a single |ayer of gmAuG P3%3

| ayers. In the one illustrated in FIG 18, the nedia 112" 30 i ncl udes
nonwoven, nonpleated, fibrous depth nmedia 113". One usable material for
depth nmedia 113" has the followi ng characteristics: | |layer of 4.0-4.8

ozl yd2 (136%°12%814y/ n2) pol yester fiber depth nmedi a emiosenbsssi bers) ;
0. 55- 0. 70" (me“;&mmmnsmemzwa&%tsrpg%ogﬁu%m%edmwef 0. 002 psi

conpressi on);  aver i ane mass wei ght ed

average) or about™ %“'%“mrﬁ‘@r%r‘l‘ﬂ’eéﬁ‘wf fylayeg ofmpedial 0% fypspaptnrgleres 0149 16
PCT/ USOQ 04537ticipifiagttheads trvaay tmfye)the goestrrapaiodchds th fiftericeistonatign 500 ft/ min (152
nmnin.); freeiostBdpending Bloh th bplidkashd @e &s:ﬂed@eéteebﬂlfﬁ&ﬁ@&in){ about 0.7% It is

cont enpl atﬁd EMLOA aclg algi,ecm%g{})tlalvgrge IO(?{SYPI‘EéI}nm#IYFYIPECQaH_ esired to have a

filter pac an-u %o%nd a downst r eam
5 filter |11"““’fﬂ‘}d‘a|‘°7sw'"femﬁ*f°é|‘1?‘1'fShm?@ma‘iahe‘e%ﬁcswhﬁb@w@@, FIG 10 is a
per spective Jeaey lerke clanpothigt, andnibhedypeeritiebtif. @Gnetyipk bfatedpaalle #50. | n t he

conlst ructi 0{1 Lﬁlﬁmﬁ,@dhmh%néslaﬁgﬁgpﬂgécm A@,Qndtéggil 5b@le&mfe|f{)e%ser medi a 455 and a
seal ing sys 0 renove

cont am nant s m%a i lgFenmﬁandéﬁ}&?ﬂgglbﬂﬁe'“g ’ﬁ’gtsqldr?&e’ Pi?”giélﬁ’rf the filter nedia
455. The é‘éal‘?rﬁﬁfhg%s@M‘&G(‘PgF%ﬂHfé@ogjmﬁtaaf@bbfea{odlfwé’vﬁ i%egs nedia 455 to a

housi ng or dueitght df .6 eyd @pay/ah; afuemedofasduwmﬁmataspenﬁehﬁlu; bd ter media 455
wll be CO”fab&blis%'ﬁ/H]nQoHn}F res thh%tructl on 470 with a first flow face 471
and an opposite, 15 second f ace 472. Attention is directed to FIG 11.
In the particul ar enb@dicmﬁabowd lt wisg N1@tbe desirdbleftd itdrodilck sephda@nf i | t er

construction Mueaﬁm@m@ﬁ&eg%ﬁﬂc&of?ioosmée eém{.&rutgci‘mpfd y. This neans, as
expl ai ned 5ab(}\{(§: isthat fluid t bg fll tere ent er the first flow face

471 in a Certain Il“'r’endfle‘gﬁ""ﬂl?“fw(" te‘ia@)’“&?l?ﬂd“@‘?{’i‘?mtcﬁ@e@’é‘é‘ond flow face 472
in the same 3% gevdd damapsecordfiey 400", Tbe fllvepaph $0f soweip@EE.d&ict i on 470 can
have a vari ehg/comsfuummﬁan@ws@tas M MteARAEk 506F AIGSE, &ﬁﬁﬁlk&@@lxo&hﬁpes In the

particul ar e@@&&hﬂ?&&mbxj Il P%cgtaio%g/mltrn Flf %e ﬁ.i]fer ’contstru%hon Il)(; %]ule a
variety of embodiments are contemplated, in the particular embodiment illustrated in
20  FIG. 18, the separator 111" is in the form of a layer of media 112" located
downstream of the filter construction 100. The layer of media 112" can be either

immediately adjacent and against the filter construction 100, or it may be located
downstream of the frame 205". In the one illustrated in FIG. 18, the media 112" is
immediately downstream of and against the filter construction 100. That is, the

25 media 112" is located between the filter construction 100 and the cross braces 210"
of the frame 205". .

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 materia) for
depth media 113" has the following characteristics: 1 layer of 4.0-4.8 oz/yd® (136
163 gfm?) polyester fiber depth media (mixed fibers); 0.55-0.70" (14—18 mm)
thickness freestate (as mcasured under 0.002 psi compression); average fiber

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



construction 470 has a non-circul ar cross-section. In particular, the FIG
| I enbodiment of the filter construction 470 has an ob-round or
"racetrack” cross- sectional shape. By "racetrack" cross-sectional shape,
it is nmeant that the filter 25 construction 470 includes first and second
sem circular ends 511, 512 joined by a pair of straight sggﬂq@%sgﬁgz, 514.
In general, the filter construction.. 470 will be a wound EonstTl on.
That is, the construction 470 will include a layer of filter nedia that is
turned conpletely or repeatedly about a centerpoint. In certain preferred
arrangement ¥ ¥H¥° 30 wound construcyion will be a cefigstimsst hat a | ayer of

filter medi a wighted 88raged pbBbiyTininfisy s@fashid ! a.centerpoint. In
further pref %@dﬁ%r r?églé%;r%nifg% a{ﬁwe _fols(?hter élg%??*ﬁg'gﬁ%sﬁa%% t di 003 WO
00150149 17 B 52557 YPHHE %89 a rolled constructi on, typically a
rol | of filter medi a,marmeameaxh@i%ﬁmplcamm,Hmpl,cfdi,skrsﬁgi medi a. bMany .

i 0 can e used. In

different wa Uring. the dia.consfruyction 4

sone techn'qﬁ?gg%ggg?%g?g%ﬁg@g%b????@?cﬁ% wﬁﬂ§§ﬁ§ﬁ&3@ﬂFﬁ% filter media 122
5 illustrateddlF G 2, is wound about a center mandrel or other structure
to provide a[lnngﬂiiﬁgigenber for wi nding. The center mandrel nmay be
renoved or left to plug the center of the filter construction 470. In the
particul ar enbodi nentAteitionk diredFlo@IG. 10.1FIGA0 GRDESciO¥i 454 IS illustrated
as occupyi ng Sehk: cihl.af filter medi 455. 10 In FIGS. 10
and | 1, cerﬁgﬁﬁrporfﬁ%ﬁggﬁgg%gyghdgplEngﬁa?ﬁgmﬁﬁﬁ%Fﬂgﬂp?Futes, i ncl udi ng

t he open and 4 Briudes flteransdia 456 anglaoaling sixeem 6@l Slihs filsonediavas ist hi s portion or

section 4if5 uGighaRs @ERBLRkinMEHomb G QMbLL £ fbaWuta eAYﬁ , (as well as the
inmplrcity, the flutes

first flom1fac§ 5§Zﬁ%. For t he sake of clarity and

are not depi SFEY P nIeRRIngeHER 464 iadraipre 19geapbs fictrdiagfS e he 1 ow face 472. Top
and bottom phasiogaréws, as well as side 15 el evational views of the filter
pack 450 usable in the systens and arrangenents described herein are

depi cted i n copendi nd® SftP EdHRbIEIETL; hrfddr tydB 45wt bnt  Appl i cation Seria
No. 29/ 101, 18dfigids irdinbrebik@fion 4Bt 80rovaRd 4 ANk dlofiflsise Fi | ter  El ement

Havi ng Seal i stem,” rein and jngcorporated by reference. As with the
enbodi meﬁ]t% o%kg(f?? ow%wﬁitek P8 ‘r"‘éct%&%f)g' Pﬁﬁqﬂﬁﬁ@g"‘fa‘m?@c’éeal ing system
460. In pref dpye is Bl hefliconssudite:7e 5 adnfipgedsy staf-#hGni ncl udes a  frame
- 605 and a seadw. TRFBRIns, 81l biofe, Mo LoSh ¥l wHPALL S iitnow 1> are

contenpl ated_herein, one
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 illustrated in FIG. 1 1, the filter
construction 470 has a non-cirdular cross-section. In particular, the FIG. 11
crabodiment 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 1s, the construction 470 will include a layer of filter media that is turned
completely or repeatedly about a centerpoint. In certain preferred arran gements, the
30 wound construction will be a coil, in that a layer of filter media will be rolled & seres

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



particularly preferred enbodi ment of the frame 605 is shown in perspective .
viewin FIG 12, 25 In the particular arrangenent depicted in FIG 12, the
frame 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 651 depends or extends down a 30 distance froén(a Al 2o
surface 652 81;0[5%r4gss braces 610. The depending lip 651 is arranged and
configured 10 ext'end radial | y aroungythe second end*&7@egisstilter w o
00/50149 18 R@LwillbskydNidd4dmstfiction AfpfehilywGdil o Bisetrhllia, BELGEAd N Now to FIG 10, in

t he enmbodi ne i the depending lip 651 of the frame 605 extends
radi al ly arogﬁgg%ﬁgﬁégggﬂagghd 510 of the filter construction 470, such

t hat the dependi ng | ifa®9iteExl | \ cflstangs from bottom
9 1@@%@3&,&&%@14 2 oS BLANGT

surface 652 %f‘fggq_‘gs br%ﬁies 611 t he second en Fhe 5 filter
construction 476, “HEFF TP sBg/etered Sl mefinsoiosthe fifgr@edia @Y. The frane 605
can be secur disttapd ilEG. 2) # W@hd DO SchtkGha®@8 odofildr dtllcrnfe o ERET Of ways. One

particul arly ;copenLant ] ecuring the frame 605 to the filter
construction 470 %3 adhf%r\giﬁ%ig.g'_s'ﬁ%x?n efam%“%%l@?‘f’li’%’e@?%‘gﬁilﬁ%‘}ﬂl“gi | lustrated and
FIG 15, the M4ar&sefihs fijte copptpetion 470N Intthpgartantar ¢ngbpdimegihomn i 5. bet ween the frane

605 and 10 t heg atdnlet @fc 4600 Bilirbt&l 2k %l_lpéizgthgéntg'ro??{ljz &?l%%t}{!cldn?e%& ribed herein.

During use Ottsst he arrangenents depicted, inward torces are exerted around

the circunference of the franme 605. Inward forces exerted agai nst the

sem circujear ends 51%, 813,580 se Lhe straight segments 513, 514 to bow
or bend. Structure is provi ebggréln %rlri‘f“s‘(‘)"?m{eﬁ@’g‘ﬁdmgéﬁ‘s to prevent the
strai ght segffit8eluling the gasn apgl gloged ends. icstuticpe undpritbal it tigpdrtiebyr Of St ruct ur es

are cont enpl eetixd 47568 @pr@entaite of A€entifRRABY a6l Rfas STROHL ﬁ'@tQIrow?‘alcé ustrated in FIG
12, cross br?‘ﬁ?ssop&.?s ar e z[éll oV| de(il to fglr ovide structural rigidity and

support to the strai gt & r?@clﬂ‘gp’gi’fs“f‘e 2 g depigigd péheoisen in FIG 12, the
particul ar crossinprogves! 6d Mwdepiizt T hdboibmpld WaES, SYaiLMH12 between the

opposi NG 15t I akvgdthal SBRBE RlteP ok 45 Jhe truss system 612 includes a 20
plurality of ri. i struts éel}%fa p?és el?lgglFVStﬁnﬁTa&de MEPSSingl e piece with the

remai ning  pSTEPEREeB e fopisted ip sppendpe B cqmmankyassigned U 8dter r ed const ruct i ons,
the franme 605pplistiecsd Noa/ew, 51 el RGAHFIY 1908 afd1Gidel 3R 205. As such, and in

reference nogy.iQ 2.and 13, . the frame 605 includes a tip portion
663. I n pref e?retdlﬁjlg%%eﬁénérsrﬁsﬁfn S }‘erflﬁgqfq%‘idtb?' Bifrg%3

As with the embodiment of FIG. 1, the filter pack 450 inciudes a

20 sealing system 460. In preferred constritctions, 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 g
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 {rame 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



25 acts as an annul ar sealing support. In the construction depicted, the
tip portion 663 has the sane cross-sectional configuration as the filter
construction 470. In the particular enbodinent illustrated in FIG 12, the
tip portion is noncircular, specifically, racetrack shaped h E {ed

i npl ementations, and in reference to the particular enbodi rlefit s '
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

bet ween t he o8 s: sectional wi dth of the depending |I@ 651 and the smaller
cross-secti'Onar Wi dth of the tip porgtion 663. In pr&fEiP&§ systens, the
conpr essi bl e caanktidan ®efehiaPndias Fist ra,lmuweabodaﬁhaidagausm&o the that of the

conpressi bl e o S 1 A 150149 19

PCTI USCO 045%%%;%“?& aE h§fagn Rbs inl& Zuan?a:@; M%e@%?% e Ig}(l’)lst alled in a duct
or an air cl BSAEF HETEIRG’ f‘ﬁh%r‘h{”&??ﬁ“ é‘f’@l XS PPt i ons, the air

cl eaner housﬂﬁglcviwwbdyemanfacemﬁuﬁcmsbmuﬂ&rgthemdezldlSIDbfthrst rates an air

cl eaner 6730 R caAGrRMR 470/ BiniAf anl Rerlap REon $59W36NG).672. In FIG 14, the
housi ng depicted is a two-piece housing including a 5 cover 674 and a body
menber 676. The coverThgfane@es damboseqryd toj thefflltenponstiiction 982 The body menber

676 defines am:ajdffwhﬁy\omﬂaﬁ;anaﬂ@s&ven%hlemh&uﬁisdagmgufciﬁmersois&CI udes a pre-
- cl eaner arramr&%ﬁ&&%@@ Oim@%kﬁec dﬁ Q%dm%&g@gééq anSUCh as that

described in |ncorporated by

No
reference heFEl fr- i adhesis ispineed “H‘E‘i)?"&‘faﬁ&’g“’f‘ﬁghﬁ‘?”éc”élf%'&ﬁé? &4 angement 679 is
in the coMer 4@ RUer coffteictipn ¢ &ras Brevdoudly discrivedibefn. a dust ej ector 681 that expels

dust and debris coll %ct ed |r} t he pre- c%eang 679. FIG 15 is a schenmatic
cross-sectional vi ew BFIgUER! fie AraepEEEier o inyprd TgEpegsare eriedn g showi ng the

filter pack #85@uithssiraimfeedcetofibe EamietoPy. Anwalthfercesorqtrdapsindihe seal nmenber 650 is
conpressed beimiaedarledtie 5111612 SdndaMehd su@iBll s@mehtd 18, sid @ bPPElkN 663 of the

frame 605. %M&g%i EbAEE.BRCl A% s PLERRTL gt D GRUPT oo bl e seal

menber 650 is ween an 05 (specifically,
in the parti ¢l &Pbamédwﬁtvwwﬁwcwwﬁe%ﬂdu HHneB8)  and the sidewal |
660. After conprusssibodipent tlestratedip FiSs &, rbw beeablonembeideddb0 exerts a force

agai nst the gidenaldus d@,smuaﬁpoﬁws%gmw ﬁerﬁse.ﬁh SHEgE, 850 tries to
expand 20 OUtwa“li&é'l]:i%g at ur ‘%ﬁ md? ggs a Eraglﬁa: seal 685 with
the sidewal | 650 TSt elE" R acﬁs aeicteg AP ER The filter
constructi onée“a%ﬂ‘ha?ﬁpa?r‘fgéﬁ%t sepras 3, E)‘édﬁ?éﬁ’éi“b‘ﬁtﬂa’rﬁéz ireludsh e
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
patticular 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.



in a variety of systens. One particular type of systemis depicted
schematically in FIG 16 generally at 700. In FIG_ 16, equi pnent 702, such
as a vehicle, having an 25 engine 703 with sone defined rated air flow
dermand, for exanple at |east 500 cfm and typically 700-1200 cfmis shown
schematically. The equi pnent 702 may conprise a bus, an over-the-hi ghway
truck, an ofd road vehicle, a tractor, or marine application s@cghf[\gg 2903
power boat. The engi ne 703 powers the equi pnent 702, through use of an air
and fuel mxture. In FIG 16, air flowis shown drawn into the 30 engine
703 at an i RPARE P egi on 705. An optignal turbo 706 iPsTehwmss7i n phantom as
optionally boosting ! hewaby, ukeRkdkl s bifuDBh8.f G yf\7_alr Cf eaner 710
~having a fi Ictk,g‘g: Eogggrluc;tgion f71 agd.a secondary e.em_enlf 713 is upstream
of the engine 703  and {he TAFBGT #EA-qT Uya sleaprr hopsipegpibbeari on, air is
drawn in at dPriBtordog iFiG &t illpsisatesion air digapes 68 hadidgonatyge dfiv—baegh a pri mary-

el enment 712 dwasing@th i@ty 4heiveiidg déplded islh@b-QiecBudld ilend@9s3 WO 00150149 20

PCTI USOQ 0445 % 4vep&istahdd 128y Adfier tam repove omthe air. The
) %9‘? @%Og%%%ﬁdéﬂ{;e%?n o the' |eh%’;5kgﬁe705. From t here,

cl eaned air f] d ream. ] _

the air flowsbo%ﬁcc')n b'fr%\g@&é'ﬁeé%ﬁ%@ﬂftﬁ%&%i‘wﬁﬁ%ﬁ’@&ﬂwﬁmPfﬁ?‘oz. F. -Change
Qut and Repl &laKeiransmeny67dapstresmrf fhe 6k pack dsOagu s datde@Akedid he filter packs
descri bed her&s. ataee. 2,88&[!17\@&!!,1%2,90%%60&9,!3@@s,q@teﬁnjeq,gg}?_v{ﬁg%g%er systemin
whi ch t hey ardgpiétga,s&@gr%_ggmg% m%%gg!se t he fﬁhl h_gr ac , or filter pack

650, will be.instalied I'n an arr Shere oSG A €UEA™as t hose shown in
FIGS. 9 and 1%VFadFEIIuEh! jhat cxpefsalpst apdlghris gliectodimtepre—ciinenour s of use, the

media in theé%lter constructions will become occluded, and the 10
restriction in the filjréer , pa?%ks Wil increase. In preferred applications,
the filter packs wi I'T°08S3EPFBYF ot TsyetipRapYiert efdheris chaenff®9in t he appropri ate

removal of p&FS it growing the fitsrpagk #90disailedwhetevobis. | nt r oduci ng too high of a
restriction. In sone QQ}I [ cag’i{conz, the filter constructions herein wll
include a_ visual indicator or TsBrper §°P peomessied beyesn s nay i ncl ude a
restriction FAAEA20GPd thetip pesiont63 of tkeframa o5 mattieGherpack tboas user regar di ng t he
appropri at e piesrefitt the colanGiBle el mdnider 556 i L&u@EcssB@SéﬁneeJ&d%&fn‘!tiu%eht h]‘? i'ii r cl eaEer
arr angement s g8lesRE sheGdper: e Ewll eed access the filter pack.
For exanple, _if t}étep&' m?’“%’gpaﬁ&?%efdﬁogf%em%%ﬁeléﬁfx’&iof’ %3t eaner housi ng

and the s1

filter ck T .
such as those's O\Aﬁwai"ﬁsilﬁ’ée‘p@mﬁfss‘iﬂl' the coppressiigsseq| gumbanpitiexamm| at ch t he

a force against the sidewall 660 as the compressible seal member 650 tries to expand

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

E. Systems and Methods of Jperation

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 ¢fm 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 haviag 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,



20 cover fromthe body nenber, and renove the cover fromthe body nenber.
This wll expose an opening. The user will grasp the filter pack and break
the radial seal fornmed by the filter pack against the sidewall of the
housing or duct. In certain systens, the seal nenber and th oY & r
duct will be designed such that the user wll need to exertﬁéyﬁgﬁizg%f no
nore than about 80 |bs., preferably no nore than 50 25 I bs., and in sone
applications between 15 and 40 I bs. to break the radial seal and renove
the filter pack. The user will then pull the filter pack through the
opening forM¥ Y the body nmenber- ,fhe ol d filter pammmmaﬁvthen be

di sposed of . daficedund @dnﬂxmnmtse;@rﬁrﬁﬁgd ?&ﬁ?ﬁl@ﬁs qhé{ieﬁnidlairkl padeV\Al |1 be
|S reaal ly

constructed q teri

i nci ner at abl edc wEsor exa -)égmﬁeéﬁ?'}‘é ?ﬁ'@f"@'r”t“‘é‘id‘h&ﬁh%‘t“fsmthﬁ)ns the 30 filter
pack will corFﬁ?‘P‘fs783ﬁ’tp"\‘"@&@?q%eﬁé%ent and typically at |east 98 percent
nonmetal | ic raterdgls .84 kel Fi?.l | a new filter pack, the user grasps the
filter pack and i'nserts 1t tnh Jgh an opening in the duct or housing. The

filter pack is i nsertmdedamtp&fehhﬂapplﬁa%ﬂd mlﬁkwpacisdkéeﬁbéﬁé‘lu@%”ber | S

sufficiently GoVRIESSR | h ner annyl UU3 WO 00/ 50149
21 PCT/ US00/ 0455 ga@’%ﬁ%ﬁ't“’hg“* e SRR ol they ?’%‘8 fd-$85 bet ween and

agai nst the hﬁﬂ?rhtgﬂéeﬁf ‘?a"’!’aﬁqd‘“ ﬁf“ﬁé“!‘iﬁ » e ingtpled fn an piecléapane. The cover may
t hen be ori edPEie sy horshexpoBISs. Bnd 1D fespebtivaly f Atek REcrtR@Glart 0 Cl 0se t he

openi ng. The ofiaE bf 138 Yhe hl3@NinAR 4 ht@rtc&@%u&ng “Ju*l,‘r?coﬁfé’ g%gd%‘aﬂ%? fe - 5 G Exam le

Const r uct { N Jicdi t s provi of "a Set of operating
speci fications cmﬂe@éesfgt(rér ‘?"la(rsl%’\"‘eurll %Pag”’é Paigations, fhefiftergacknr j ety of

al ternate si 2@ E"p Eigrfici repleesd to maintgiy mpmmﬁlatelﬂnovhef;amcvaatesl ength of the
filter nediafi®@ o, With@t inBodabihd todiggthet Weediod | nches (about 8 cm) and 10
i nches (about 25 cm),_and in one exanple would be approxinmately 6 inches
(about 15 cn). The oURSTREPRIFinEs: be fillst copsyactivisherein witbidéhale 400 wi | | be

bet ween 3 i n¥ivebindicyooftusE8 litnporarightehB maROEE 2 (BliQtsh imdBash) . and in one

exanpl e woul grolie: in@Rla8oni Bt &b MeehQink BE ! 15 The distance
(FIG 5) tha ltetrE% deSendl ng |ng12gl o?ﬁ%ﬁs@%ﬁ%% hﬁl G 5) extends

i nboard of t econd end 110 (FIG 5) of the filter construction
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. I5, the user will unlatch the

20 caver 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 lbs., preferably no more than 50

25  Ibs., and in some applications between 15 and 40 Ibs. 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 eomprise at least 95 percent, and typically at least 98 percent
nonmetaliic materials.

(-rn

To install a new filter pack, the user prasps 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



100 will be between 0.2 inches (about 5 nm) and | inch (about 2.5 cm, and
in one exanple would be 0.6 inches (about 1.5 cm. The dianeter of the
depending lip 251 wll be between 3 inches (about 7 cm) and 15 hnmgs
(about 38 cm), and in one 20 exanpl e woul d be appr oxi mat el yZ $0 Adkc

(about 25 cm). The diameter of the tip portion 263 will be between 2.5

i nches (about 6 cm and 14 inches (36 cm, and in one exanple would be
approximately 9.5 inches (about 24 cnm). The filter elenent will provide at
|l east S sq. ydoedpd typically 20-130 sq. ft., for exanple about 45 sqg. ft.
of nmedia surface area. It will occupy a volunme of ZSTH&wgw®Eater than about
| ft3, and typlﬂlé:eﬂthcytobmt;we‘maaa&mﬂ.béwéeh&dagﬁgt$9ﬁougml >, about 0.2-0.4
ft3. 2. F, 9 The dgpadmiboeihe @fnel i 0 30 (FIG of the first
housi ng conp Eﬁgn&c E‘]ég)s('fleGh,%éjg}é\FMﬁﬁheEe "é{&ﬁ(’e"ﬁf ¥pocties fabout 8 cm) and
10 i nches 30rr§:§ out™% Ci '€ BET Rhespier maydhes belatghsditathimd? i nches (about 18
cm. The dia fer. (FIG 9) of the inlet region 335 (FIG 9) of the second
housi ng corpagt mepf, 3k FLG 9) will be between 3 inches (about( 8 cm
and 10 i nches (abou cm, and in one exanple would be 5.8 inches (about
15 cm. 2 3 AU G 2003Iqth‘W%/emkgﬂrQﬂomst@@fﬁxﬁﬁﬁﬂg 3. EM5, 10- |4 The
axi al | engt h ®tcifichond. iThtsetre mRABH 16 biatiPle 44 Qiddhddory QB DGLYBED 3 1 nches

(about 8 cn) ameew&y. i nches (about 25 cm), and in one exanple woul d be
approximately 6 inches (about 15 cn). The semcircular ends 511, 512 w |
have a 5 radi us of betweeBGElirfich (about 2.5 cm) and 5 inches (about 13
cm, and iyp one exanﬂlle.a?ve a radius of 2.7 inches (about 7 cm. The
straight segnents 513, “81% ‘Shfth 9L e filisy media 102 g% 2gvilktetbewednan 0. 1 i nches
(about 2.5 mﬂl%hﬁéiffvdltﬁm)@n@m@cmb&t25\bﬁlylagdiggneeﬁlm%lei“r&g,gg§ (about 12 cm).

Preferably, tbfosthad h ra 605 extends 1 npboard of the 10
filter const rﬁ?'zi on ’Zd;g&ev?nt({ﬂﬁh E)%amﬁ'e{h\?\é" eqiaperrptfielierayiad® 5y and 1 i nch

(about 2.5 cHY o baween3mcksn@batisiop) aad Wowhe (4beut 08 6n)j schese (about 1.5 cn). The
filter el emerkampleloulpbigprélmady lo@RRt RusBcmft and typically 20-130

i5 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 1 inch (about 2.5 ¢m)}, and in one
example would be 0.6 inches (about 1.5 ¢m). 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 5q. 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 | f*, and typically between 0.03~0.5 £, and for example
about 0.2—0.4 f,

2. FIG, 9

The diameter of the outlet region 330 (FIG. 9) of the first housing
compartment 310 (FIG. 9) wilt be between 3 inches (about 8 cm) and 10 inches
30 (about 25 cm), and in onc example would be 7 inches (about 18 em). 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),



sq. ft., for exanple about 45 sq. ft. of nedia surface area. It will occupy
a volune of no greater than about | ft3, and typically between 0.03-0.5 fl
, and for exanple 15 about 0.2-0.4 ft3. H Exanple Materials In this

section, exanples are provided of usable materials. The particular choice

for any given material wll vary, depending on the filtgi n% F\ﬁ@tﬁhi cation.
In other words, the particular material selected for th §y {»é sabl e 20

herein will be deci ded upon by the system desi gner based on the system
requi rement Swofsysag i ety of materials are possible. The foll ow ng section
provi des exanples of materials thatzzhave been found®@dsHé4ssui t abl e. The
medi a 122 can conpri sé ceFIG8 ket One exanpl e of nedia usable in the

syst em descri bed abovthi S. lqsme | ows: cellulose media with the follow ng 25
properties: a basis welght Grs s fetr sepsepstiqnyyZongtl bebefween Xi8Hes7 g/ nr), for
exanpl e,  48-@Pui8sgy @ OOBks (ghoutds trhli K RBSSex@hpladaAldibe 0. 005-0. 015 in, for

exanpl e about apbrofidlely & Mched(Bhod ?5 BN ThelskBZic ke LLE" iljty of about 20-25
ft/mn, eyab((:)_ut( 22 Smﬁcﬁg%tgfe@”ﬁ?%Sﬁ;%%ﬂ@“ﬁ ze of about 55-65

fo% exanpl.e _

microns, for BREIFTeRveen st (ebgp2.5 om) endgrinches @bout { bewpizhdinsiter engt h of at | east

about 7 |bS/iq"?-mfﬂﬂﬂVﬂQmﬁ%fQJitﬁhé(ai)&ﬁ?Jxﬂ).nﬁfe:éua?gh?sg%nlfegé-kﬁ)g'mghﬁr st strength wet
npl e, about

of f of the i bout. 15-25 psi, for exa 23 psi (159
kPa). The crerﬁ{lgi tl}:ag%g&%rrec%rgmcoalr{"%? (4bpY 2 E)ind ip oneieragplei tseki be f or  exanpl e,

fibers havi rftf #hi@ent iimmet er) o5 nicrons or less, and in sone instances,
subm cron. A 2 C AUG PZOQB WD 00/ 50149 23 PCT/ US00/ 04557 variety of methods
can be utilized for appPrtatie disanse thatphs fpipacdSfittnds inbaardtohe nedi a.  Some such
appr oached? arféercprsinstionc”d widlde bfvaen @X ek @boul k)R | RABOY 23, 423, 892,

col um 32, atem, s o @xdigic Wi 6 (ARGESALGR 1 lsYy,y SUCh et hods are described in
3 3,§£T'953; and

U. S. Patent Nos. 3, Bﬁgﬁﬁe%é]lé 3, 656, 2.?1 : .
3,849, 241, .| nc%_r Eagr ated herern By P8Vt pstniael agddyricply@dnidi ve is a trade
secret appr odt - CORPMPE phay 48 5% fribmpiid syrfome irea. fitiviie sceupp@ Bolip@sdrt | oned over

convent i onal neremite thapsbannl fit; esl HRABI beinedBRISEEH S RY B2 dson.  Conpany
under theisdessRiai-han: ULTRA-VWEBR. Wth respect to the ©conf i gurations of
the filter elenent and the operation of the scaling system there is no
particul ar pHef eExswpe Matrials how the fine fibers are made; and, what

particul ar 10 et hOd_Illl BisYUSEA, (‘IXQ’DFQGQQJB};I‘O%QC% oi"llxsgbqe ll;lflittpn%{s.sTheEnOUQh fine fiber
woul d be appb&gq[murﬁg.l |..the. L
ettlar choice for any given material wiil vary, depending on the filtering
application. In other words, the particular material sclected for the systems usable
20 herein will be decided upon by the system designer based on the system
requiremnents. 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 fi* (84.7 g/m?), for example,
48-54 1bs./3000 fi%; a thickness of about 0.005-0.015 in, for example about 0.010
in. (0.25 mm); frazier permeability of about 20-25 f/min, for example, about 22
f/min (6.7 m/oin); 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 Ibs./in (3.9

30 kgfin); burst strength wet off of the machine of about 1525 psi, for example, about
23 psi (159 kPa).

The celiviose 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



resul ting media construction would have the follow ng properties: initial
efficiency of 99.5% average, with no individual test bel ow 90% tested
according to SAE J726C, using SAE fine dust; and an overall efficiency of
99. 98% average, according to SAE J726C. 15 The frane 205 (FLG 3}“ %M be
constructed of a material that wll provide structural inteér@tﬁ &

not subject to creep. The frame 205 will be constructed of a non-netallic
material such that it is environmentally friendly and either recyclable or
readily incineratable. The frame 205 can be constructed from nost

pl astics, fdfC®BHple, glass reinf orged plastic. Onecwasabhes,rei nforced

plastic i s 20y8E or £hli er suitable materials may
be used. The %; @mz?sc?{a%%bscggl%% n%g%lcatfgﬁfs'%'—q"&%p fothegwedige rade from a
ori

variety of ma ?P'Wﬁ%‘ﬁhgacffﬁ%é@ter‘wlcam%éﬁ@r%ﬁd,@?z provi ded that the
seal nenber ‘Z’B’@nﬁ@)lﬁ#BIeSa“Ss@aMorempetxlﬁaillﬂrs&ﬁﬁkmbdaesatiés&rbem@ﬁ conpr essi on. One

usabl e mat erPasht NusI3|870@ 485, @@ﬁzb ;pg);ll)ﬁ@éddg 8[@3%4@ ﬁcglp?me ef‘f"%& f oamed

uret hane. Ene.gex mat er i yur et hane,
processed to an en %hgn?fd‘éetls \ﬁn et a%t“ﬁ““%“‘?r‘ﬁf"&éﬁﬂeﬂﬂbmfﬂ%erof fourteen to

twent y-two pouﬁ?@%s’rﬁé‘?d%ﬁjﬁfinc‘iﬂnﬂwtmedlﬁmmd undaolydersetenymaaianbe avail abl e from
a variety of Gopiryesder BedleRtonBAPRAGIERS! ik Udellio p¥¥andotte, M chigan. One

exanpl e of a $eanEe.08! than Ses rraterl al  made with 135453R
resin and 136:5%% gc g)rélﬁ{tg 3 "?mﬁ%gpcéab‘f"b" Sl sysery therpist he 30 assi gnee

Donal dson by "BREE ByFngs $0p rhow s Eng\fibers prie mkds: mmhothkichadentazi xed in a mix ratio
of 100 pams r@grsdﬂéssedroasplmme:ﬁaere aaargr.ﬁnersga@udw (by weight). The

specific gra\usﬁmngqﬁedfah&lst?ﬁﬁdnm«oulhﬁavl f&uiin%npoggsdsmtgf ﬁcécﬂg and for the

i socyanate i od : re typically
m xed with a%ﬁ?g%/ ﬂ%r%%‘i 0 “8 élaﬂu#% Brlow i tegtestasesrringtio SARS AUG 2003 WO

00/ 50149 24P&FP B%?%%s#ust«emepmaﬂx@sxcrshmas%eve&gumryngo ni nety-five
degr ees Fahr én¥¥di 726CThe nol d t enperat ures shoul d be 115-135 degrees

Fahr enhei} The resin _material 135453R has the follow ng description:

(a) Aver age mol ecul ar TeFR0LFIGEaE! prjoysetdrenf poderil thaewH00- 15, 000 52) Di al s
= 60- 10, 000 Bipvidy sradngal it artiSs 3OMbjcct to creep. The frame 205 will be

constructed of 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
20 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 soft polymeric material, such as foamed urethane, One example

25  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

30 assignee Donaldson by BASF Corporation.

The materials should be mixed in a mix ratio of 100 parts 135453
Tesin t0 36.2 parts [3050U isocyanate (by weight). The specific gravity of the resin
is 1.04 (8.7 pounds/gallon), and for the isocyanate il is 1.20 (10 pounds/gallon). The

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



“Average functionality 1) total system= 1.5-3.2 (b) Hd | 10 (c) y roxy
nunmber 5(d) 1) total systens= 100-300 (e)Catalysts 1) amne = Air Products

0.1-3.0 PPH 2) tin = Wtco 0.01-0.5 PPH Surfactants 1) ' totzﬁﬁ m?ggg:
0.1-2.0 PPH (1)Water 1) total system = 0.03-3.0 PPH 20(g)Pi gnents/ dyes 1)

total system = 1-5% carbon bl ack (h)Blow ng agent 1) 0.1-6.0% HFC 134A. The
13050U i socyanate description is as follows: 25(a) NCO content - 22.4-23.4
wt % (b) Vi scosity, cps at 25C = 600-800 (c) Density= 1.21 g/cnB at 25C (d)
Initial boi uorbglsoi“t. - 190C at 5mMm Hg (e) Vapor pressure = 0.0002 Hg at 25C
(1) Appear ance - 0l orl ess i quid 30{g) Fl ash poi nt (Penssoyesddartins cl osed

cup) = 200C. atBiOMEud 1% séve fPG RG] -G I8 iption SA’ rinci ples of the
i nvention. %Bymt&@?sﬂslm%f?él adggreﬁiel:a;n}_aei%igasc% T'h f’g‘dﬂri nciples of this

di scl osure.
The resin material 135453R has the following description:

(a) Average molecular weight
5 1) Base polyether polyol = 500-15,000

2) Diols = 60-10,000
3) Triols = 500-15,060

(b} Average functionality
1} total system = 1.5-3.2

10 (c}  Hydroxyl number
- 1) total systerns = 100-300

{d) Calalysts
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
(e)  Pigments/dyes
20 1) total system = 1-5% carbon black
(h) Blowing agent
1) 0.1-6.0% HFC 1344,
The I3050U isocyanate description is as follows:
(a) NCO content - 22.4-23.4 wi%
25 (b)  Viscosity, cps at 25°C = 600-800
(¢} Density = 1.21 gfom® at 25°C
(d})  Initial boiling pt. - 190°C at Smam Hg
{e) Vapor pressure = 0.0002 Hg at 25°C
) Appearance - colorless liquid
30 (g)  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.



.o ‘ T o (WIC RV WV VYY1
'-,' uuuvu-+x, CLAIM 25 2 6 AUG 2Q03 1. A filter el enent arrangenent (50, .
450) for use in an air cleaner housing (305, (b) 672) having an internal '
annul ar sealing surface (260, 660), the filter elenent arrangenent (50,

450) being rerrtt}/a and repl aceable withi4f the air cleaner hdudilg§8305,

672) upon rel at ial nmovenent between the filter elenment arrangenent

(50, 450). and the internal annular sealing surface (260, 660) of the

housi ng (305, 672); the filter clenent arrangenent (S4, 450) conprising:

(a) a coiled nmédi a Adiltteleptehpgirdd ) rising a sheet of
corrugations (123) izs%r ed to a b%ttgﬁﬁg’c‘gﬁgﬁg?e’(’Jl%ﬁré?'ﬂi‘efb@ﬁmgdﬁﬂﬁd in,
a coil; (i) the coi REAE an sdersdlranptlansea(id@ Burfdbd g, £, rst and
second ends; a first flow f:@g 8 05, 471) la% t he ??ﬁdgteg@hg];ﬂfe{%acfﬁm&grecond
flow face (110, 477) ap tHeXbé renovRblo piwdropldvablnivithin the i il ed

di t t i on Hok&kh 0 f .50 rality of flutes (124); each of
The 1 ures (124)° hawins (Ros7NBHINAR R i Benlorbemmennthe Glier ciomarhe

first flow face (EUBI}EW)(Sé)ndﬁ(&aﬂdﬂmﬁte&mﬂaﬁ&ﬂﬁ)sgéﬂﬁéi%}ﬁgﬁe@gﬁg@gﬁgt t]?
of-+S gejeg s o

the second flow fage (110, -472). (A) a fast-set (136)
the flutes (124) gg"u’(r?é“gﬁé%‘%i%?@g@wfﬁl%ﬂem LteABymand(S6 3O bl
second end (148); &Nd (ErodSRE&RY 0, el ected ones of said ,
flutes (124) being closed at theg?llﬁrﬁ{sj?tg%ﬁqk{’f&g%%‘hﬂwﬂ'@fhe second
end (148):; a sealing sy@f@m@m,(lmeﬂr&ttd%diﬁmﬁfa%%ﬂe%ﬁ?fw 250, * 650)
and a franme constructiﬁ%gfgéfég,- .605) arranged around one"0 e first and
second ends of the coiled P2 EBfst ruct i on; (i) the frame construction
(170, 605) including aiext aRsidkd . proj ecti axially from one
of the first and second fl ow faces;ﬂgﬁac%é&ﬁ(’%(ﬂfbb?ga"mgi first and

second ends; a first flow face (105, 471) at the first end; and a

second flow face (110, 472) at the second cnd;
(i)  the media within said coiled media construﬁtion (125, 470)
forming a plurality of flutes (124); each of the flutes (124)

‘having a first end (146) positioncd adjacent to the first flow

face (105, 471) and a sccond end (148) positioned adjaceat to

the second flow face (110, 472);

(A)  afirstset (1 36) of selected ones of the flutos (124)
being open at the first end {146) and closed ar the
second end (148); and

B) 2 second set (134) of selected ones of said flutes (124)
being ¢losed at the first end (146) and open at fhe

. | second end (148);
®) 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 thé
coiled media construction;

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

projecting axially from one of the first and second flow faces:

AMENDED SHEET
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AVENDED SHEET V. 7-VL-GW 1 ' US 0000045E 26 2 6 AUG 2Q03 (A) the exPeniqa004st
(174, 663) of the frame construction (170. 605) hazing an.outer
circunferential surface (178); (B) the extension (174, 663) %L %e @am&
construction (170. 605) being an annul ar sg@l i ng support forzt &b, 2l

menber (250, 650); (ii) the sedq| n’q_?gr 250, _650) being positioned on, and
being supported by, the ext eﬁ%)on %ﬁ&g@é)l’?&ﬁ hef the e consisketipigt | on
(170, 605); (A) at least a portion(pio. ¥ | er. (250, 650) being

{ b@ I‘%ﬁ?‘érﬁ%@??g Mtiakbjurtage f ace

positioned on and peripherally around th

(178) of the extension (174, 663)(1788) the seal nenber (250, 650)

i ncluding an outwardly di reckﬁjj, eri pheral, sealing surface, the seal
.member peripheral sealing sutface BSEFKIIOR (Hi: 668)08 teoframecomsel@asab! e,

peripherally directed, seal (172, £9b)goshel; Jdhe filter el enent -
arrangenent (50, 450) and a housiﬁg ?nt Zrﬁlg?ggﬁé\ntﬂ?%m@@.ﬂﬁuﬂﬁoﬁfﬂfﬂ&e (260,
. 660), as a result of axial insertseahnembetrl(esd_bb@)?r el ement arrangenent

(50, 450) into sealing ag with the internal annular sealing
surface of the air cl ea?}@? h?ﬁgp%nfﬁ’@ﬁf éq,#p)bemgpbsitimgdejgemei@g
rarngenment (4S0) accordi ng t GufpiHeaaly in; ) ol | ed nedi a
construction (470) has a crosgﬂ;ecti gnﬁm?%fg ﬁﬁ?ﬁgilaéggaﬁhc@fﬂ%rved ends
(511, 512) joined by a pair &Pituwbemiiv0, g8grents (513, 514). AMENDED
SHEET US 00000455, 27 '2 6 A% 20

gtsleast a portion of the seal mcmber (250, 650) being

positioned on and peripherally around the outer
circumferential surface (178) of the‘ extension (174,
6G3);

(B)  the seal member (250, 650) including an outwardly
dirccted, peripheral, sealing surface, the seal member
petipheral sealing snrface being oriented o form a
releasable, peripherally dircctgd, seal (172, 685)
between the filtor cloment arrangement (50, 450) and a
housing internal annular sealing surface (260, 660), as

8 regult of axial insertion of the filter element

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

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

2 A filter element atrangement (450) according to claim 1 whercin;

(a) tbe 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).

AMENDED SHEET
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3. Afilter elenent arrangenent (450) according to claim 2 wherein: l‘{%
frame construction extension (663) includes a pair of curved ends ' joined
:by a pair of straight segnents. 4- Afilter elenent arrangenent, (50.. fﬂ%g)
“according to an g any one of clains 1-3 v\?grei n; the frame corgstr AU

4

(170, 605) incliides A3gapb in S braces (210, 610). 5. After
el ement arrangement (50, 5?’3‘)%%?%3(% asvprdmetoatiaind AivkEredd  wher ei n:

the outwardly directed., thefinbesimy . Of géue eal nenber (250, 650)
defines a crass-sectional configurat f%d#%?cﬁglpg&g M&Q@T’?’T@G&)Wfadends

i ncreasing froman end tDW@'&OQpﬂfcf&tﬁi@x&%&p (174, 663) toward a lip
menber (251, 651). 6. Afilter clement arrangenent. (50, 450) according to
any One of claiﬁms 1-5 wherein: the outer circunferential surface of the
frame constructi on Axfilensleafent driafide i $.continuous and uni nterrupt ed.
7- Afilter elenent arrangenent ( 0?%3%9’@%%?%‘9@“&996&1@&&5 Ic3 ai s
1-6 wherein: (a) sXP*¥®®¥ane Construction extension (174, 663) includes an
end tip (180); an outer ce (186), and an opposite inner surface
(184); and (6) said Lo e HELAES @on @ ]
oriented against said dmﬁoeg(g@,réﬁg_e (186) of said extension (174 %‘;63);
second portion oriented against said end tip (180); and a third portion
Oriented against said inner surface (184). AMENDED SHEET WV-Ve--cuu | US
00000455 28 26. AUGAZH0:3- ilter el enent arrangenent (50, 450)
according to any one of elents %ﬁ'%ﬁéﬁ&d@)mrﬁg Edmhf@n@ﬂf@%r &f.ganer
housi ng (305, 672)wbérean engi ne (703) least 850 rn3/h (500 c l?rli t hr ough
the filter el ement arrangenent (50, 450). )

¢ oqﬁvmﬂly directed, peripheral, surface ofthe seal member (250
050} defincs a cross-sectional configuration of steps (266 267 2

o . » 208)
reasing from an end tip (180) of the extension (174, 663) toward a
lip member (25 1, 651). |

6. A '
filter clemnent arrangement (50, 450) according to any one of claims 1.5
wherein:
the outer crcumferetitial surface of the frame construction cxtension
(174, 663) 15 continuous and uninferrupted.
7.

A filter element arrangement (50, 450) according to any une of claimg 1-6
wherein:

a . . .
(@)  said frame construction extension (174, 663) includes an end tip

(180); an outer surface (186), and an opposite inner surface (1 84);
and |

©

sead scal member (250, 650) includes: 2 first portion being oriented
against said otter syrface (126) of said extension {174, 663); & second
povrtinn oriented against said end tip (180); and a third portiop
onepted against said inncr surface (184).

AMENDED SHEET
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3@)6&5hhichdesmdmrﬁr!sﬁﬁ$or@ LLgn being



Qo-Biddder clement arr ngenent (50, 450) operably installed according to
claim 8 wherein: the seal nenber (250, 650) is conpressed at |east" W5080000455
bet-ween the extension (174, 663) of the franme construction and:an annul ar
.sealing, surface (260, 660) of the air cleaner housing (305 672). 1Q A

filter clement arrangenent (50, 450) according to any one of clai.r - :
wherein: said sgal nenber (250, 650) cor[p_ri(iges conpressi bl e polf/ll[}?gxp%fa‘%seﬂ‘3

foam 11- A net hod dfiltgetoricol angngameai (50,c156)aresrdingd @anyGRODF Nk NG %egggsi ng
305, 672 ith nd or L. i 260, 660); i t hod
( ) WUh anoddiRel ANKAEhe 36RLING0= 1 BEE, (280 ,B00) - SR G0

including a step of axitally inserting

450) accordi ng to &) breagh e fitéralameniar@nganicnt G62450Ng engagenent with the
internal annular sealing surface of the housing (305, 672).-12. A method
of constructing a filter elenment arrangenment (50, 450) of the W

characterized iqy any 1 1-7. th thod conprising steps of:
securing a scaling s?/gﬂghalf%g%t%@%&fsfgd?ﬁ%amp]ﬁﬁﬁﬂt@&ﬁlﬂcﬁwd{ﬁgm clajr 70,
605) and a seal nentBwhérgin0, 650) to an end of a coiled nedia construction

(125, 470) according to claim1(a). AVENDED SHEET
the seal member (250, 650) is compressed at least 15% between the

extension (174, 663) of the frame construction and an annular sea'ling;

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

10. A filter clement amangement (50, 450) according to any one of claims 1-9
wherein: '
said seal member (250, 650) comprises compressible polyurethane

foarm.

11. A method of servicing an air cleaner {300, 670) having a hotlsmg (305, 672)
with an inner annulsr 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 annuiar sealing

surface of the housing (305, 672).

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

| characterized in any one of claims 1-7; the mathod camprising steps of:
securing a sealing system (60, 460) including a frame constructian
(170, 605) and a seal member (250, 650) (¢ an end of 4 coiled media
construction (125, 470) according to claim 1(a).

AMENDED SHEET



