FILTER ARRANGEMENTS AND FILTER APPARATUSES WHICH INCLUDE FILTER ARRANGEMENTS
Field of the Invention [0001]The present invention relates to filter arrangements and filter apparatuses
which include filter arrangements for filtering any of numerous contaminants from a wide variety of fluids.
The fluids may be gases, liquids, and/or mixtures of gases, liquids, and/or solids. The contaminants may
be, for example, solids, coﬁﬂﬂ&%ﬁ@B%@ﬁMﬂ\Hrﬁ 6NQ15H—F@?(6¥F%P6$ET%$§§N particulates. Filter
arrangements and filter assembY\3|eMbIEHE ThE! lVER IR GEMAN Many different fluid systems. In
one of many examples, embodiments of the invention may be used to filter solid and/or colloidal particles
from hydrauli'(_:.o Igltpr'ca}ion oil used in large mechanical or electromechanical devices, including wind
turbines for ge'ﬁgq iﬁ'&eel@éefﬂgm. [0002]Embodiments of the invention include a first filter assembly,
which may be disposable, mounted around a reusable core assembly. A fluid may be directed through the
first filter ass€PABlY fronhtbeEseNt dr@sivnaaiasesftaéltey diecingem end ditersarraratindacehighile the
reusable corsuaIhl: sHpRRIIRJISE fileiResRTbIMAGAL EL A MNRS Ainddinst wilndyigrflow. The

first filter assembly may inc ermeable filter medium for removing contaminants from the fluid.

Initially, the filtéiffebAYsI MY A8PaSRIatidRIJSsARMY Ofifaes R OAT R cUQViFs rRRA/CE AQlSuptFeam and
downstream gorfiagssaMits maintinfenexaa|sid] awliak floil dueug e digtdiasrrsspnidyioAs slore fluid

passes through the first filter assembly, the filter medium may become increasingly, clogged.or fouled. The
brossure it ENCE b aNHEL I8 st D L AT LR A 5 ML R VB U fow of i
through the disposabiéifilteamssdfatsntrfiaiy desterase. [0G0SHy exampigspkcaltiotis)énis oftthe preferable
to maintain aiﬁ%ﬁ%‘@rﬁlmmgfﬂég to filter solid and/or calliparticles from hydraulic or lubrication oll

used in large mechanical or electromechanical ésyincluding wind turbines for generating

electricity.

[0002] Embodiments of the invention include a first fileegsembly, which may be
disposable, mounted around a reusable core asserlflyid may be directed through the
first filter assembly from the outer or upstreanface to the inner or downstream surface,
while the reusable core assembly supports thefiliest assembly against the forces
associated with fluid flow. The first filter assbiypmay include a permeable filter medium
for removing contaminants from the fluid. Initialthe filter medium is clean and a
relatively small difference in pressure betweenupstream and downstream surfaces will
maintain an ample flow of fluid through the firdtdr assembly. As more fluid passes
through the first filter assembly, the filter medliumay become increasingly clogged or
fouled. The pressure difference between the ugsti@nd downstream surfaces may increase
and/or the flow of fluid through the disposableciilassembly may decrease.

[0003] For many applications, it is often preferable tanten a sufficient flow of fluid
through the filter arrangement or the filter appasaeven when the filter medium is
significantly fouled. Consequently, embodimentshaf invention may further include a
bypass assembly which allows the fluid to bypaeditist filter assembly when the filter
medium is fouled. The bypass assembly may be rabipwnounted at least partially in the
interior of the reusable core assembly and maydeh bypass valve and a second filter
assembly, which may be cleanable and/or reusate many embodiments, the second filter
assembly may have a filter medium which is coatfsan the filter medium of the first filter

assembly. The bypass valve may open when thdifiestassembly becomes sufficiently



through the filter arrangement or the filter apparatus, even when the filter medium is significantly fouled.
Consequently, embodiments of the invention may further include a bypass assembly which allows the
fluid to bypass the first filter assembly when the filter medium is fouled. The bypass assembly may be
removably mounted at least partially in the interior of the reusable core assembly and may include a
bypass valvefewghiBatBrdrifes HesEHasRNGRIAEIPRs)RIBS Eoaa01B M AYASL AR RFRE CFRIMNg Ay

embodimentsgjig, SeRMASISTIRTEATIY BaYRER ithes TRadHE oIkl fiis: FRaFsisEmpIyherfiker
medium of the first filter assemblgl. The bypass valve may open when the first filter assembly becomes
r

sufficiently fSGEthighaTEBEl &N BreRAtiRa iRl Ale oSN BIFdRaEEHS PHEtetermined
value, aIIowir@mnaﬁiijeae_msfm?@ taiQbrpammiﬁe\dzmagem&dnqofmuﬂmtbﬁﬁletdihﬁtasswmblya@we seconq filter
assembly ma&o%&?éé?ﬁ?r%%'%@ﬁ@ %?Pafpf'%éﬂﬂemp‘(ﬁb%% ?ﬁ%&@ﬁé?‘&%%é&%&%”.‘é‘@QI:SeH“at might
otherwise damage components of the flul gys &m which are downstream from the filter arrangement.
After the foulddtigsnEle clessefiisiyilieraprerallywiiteDyeadse cnayfienisatanddsdehitty thavdypass valve

may close, anghApid|ipwdaas bsnrerstablishaditarougiigynew first filter assembly. [0004]The bypass
valve may open in other circumstances even if the first filter assembly is not fouled. For example, during a

cold startup dP2fid sYEfRYPRRS LBRYE IRRHARGI 0 BtRRAY B SRR NG JEdiUtSE GRSRE R ol
viscous unfilteredtffoidetr dgheiaentine tliengnedininstddoa ficsd Hystenssermbtylanighititdesddysde g rip or
tear, the fine filter,medium..However, a pressure difference large enough to force the gold, viscous
unfikered flil TG00 KR o0eE PRI S GIE M Ra A B0 e SRS e e
bypass valvelTede opefrhs/fissidileas stioRly thigltotmesss e uafitese diuitedibtgpasesiw first filter

assembly withgylamagingtircrinfe i NegiBhalghi aRars P WHEHR SRARBI:HRARSSembly. The

filter medium of the secondary filter assembly may be a coarser filter medium and/or a more robust

porous metaltfhedin CHREERIRRETRY (BRY, SrEEsTsFRRte e adiva R IoRRBIgHRR LHRBF edium of

the second filigvasseellpswthisdarareiagohs filtesdhsismnense flurnitybgobypass fiew of at least

coarsely flterql fid may, he;proYided for the fller svalem.gven quring. coid iaryp: Alfler (e Tuid
system has been runningtor a while, urfiltered fluid’becomes warmer and thinner or 1ess viscous. The

pressure diff@ssarebheedbe webr&_edhmwéthﬂ $@§9N¢l§¢mﬁi§$ﬁﬁh@va@&whﬁthm&ghethﬁitﬁrsmﬁrdMSsembly
may then fall heiay A RSB THBRAY %‘é?af%&mﬁﬂin%%@%&@@c%%isw@wmﬁé@hﬁd“ay then

close, redirecting the warm, less viscous unfiltered fluid through the first filter assemblisgSummary of the

Invention [00BBFFEaLREHSN e THATSRB AP BE (PRCPREEAIRSE MM VAR AHEATAAN . &HRTprise a

reusable corerashemblyoastislidilier, assprmblyiandrapyRaBsas seEblY flTitergysaiforRedassembly may
have an axis tﬁgq irst and second ends and w perforated core having,.an exterior

curtace and AT GO RE FAaTHILD e e AP Vi A S g M R e core
assembly onwhd@xteionfitefedd wilthecoones Waerfiestand ti@nor less viscous. The pressure

difference needed to force the warm, less viscodiftered fluid through the first filter

assembly may then fall below the predeterminedevédu opening the bypass valve. The

bypass valve may then close, redirecting the whess, viscous unfiltered fluid through the

first filter assembly.

Summary of the Invention

[0005] In accordance with one aspect of the inventioterfiirrangements may comprise
a reusable core assembly, a first filter assenavig,a bypass assembly. The reusable core
assembly may have an axis and first and secondaertimay include a hollow perforated
core having an exterior surface and an interidre first filter assembly may be removably
mounted around the reusable core assembly on theansurface of the core. The first

filter assembly may include a hollow filter haviadilter medium, an internal surface, and



filter assembly may include a hollow filter having a filter medium, an internal surface, and opposite ends,
and an end cap may be positioned at each end of the filter. The first filter assembly may be axially
moveable between a first position and a second position. In the first position the end caps of the first filter
assembly may be sealed to the ends of the reusable core assembly and the interior surface of the first

filter assembBPRREGERYISs ERCRI}RRhERD thalekecpiosi komrasatenthel dardiler thenedishtitgbsition, the first

filter assemblysmayie R B¥edENHbeas AR cRIEASSR BN Mnd R&BYBF$DESEEMDIY MaYike
positioned at least partially in the interior of the core. The bypass assembly may include a bypass valve

and a secondARLCEIEE ABH SARTALMEIF dBiGh SeRaIBIMBHSHASI VRN Sffls 1) DAk 4 SERIRIID ay be
axially moveaisiseatolyoatiethuenieriof thefacsebeivviapfdfsshpagiticly dedbsegenipposittonhén the first

position, at le Qrti f SS m N the. interigr of core, In the second
position, the ygaéﬁgz gﬁ@é]%ngb?tfﬁ%%e-rﬁﬁ&ﬁ%f%@é&gg }FFI é%rrgsé%sﬁbj%@%o%é‘fﬁ@é%rdance
with another Hopetieofansakiodaiomstrattippanapyeash Apeemip Hedaskinnsid gHesshisitiaidia filter
a”angementth@“ﬁt@%ﬁmr@é@i‘@b|YHB®96&%@Q§%E]%§H&EA@B%%%'a?st fdeaaautisbydghigsiine a

fluid flow path through the interior of the housing. The filter arrangement may be positioned in the interior
of the housinGSSE5EMbTNSRHEGRRA GRANGHLRS. PPHBERYP2T eGSR PRGBS re
assembly, a fiist/Ehbleasionmtiy, iardicr by Hass@edssnbdgirditosnienasse mbic onaypbsitivaunieghéo the
housing assegly and may oelyds, anaxisy pOoANBSHIIARY orc, AAdIS|ang acond seats. The
perforated core may have an exterior surface, an |R?er|or, a¥1(r:]10i§p05|te ends, and the seats' may be
positioned atttifesesdshbpasdienrdNer hgpfiss fifisembbemitorveshtie reine vabipiitbooneasseuhl the

reusable corgqReRpMbly, AR DR 9 PUTANR LB ARHARI S i sl e Aggembly may

include a hollow filter and first and second end caps. The hollow filter may have a filter medium, an
interior surfaC8 S FiRRUHSsRRSHNON BRI Sl T S EABYEH TR RS PSR AEMPRO IR EMIST the filter.
The first filteraaspesniblyamdy i xially sroveddlebiehwrsnaitirsbpgsatiothesdhh seconstpositipa. In the
first position, thestlerrlld CADS fﬁtf trhaer}‘ziirst firlrt1ern sserrbt?ely may .bgdsee%l%crli 50 8? genathJS(IJrI; th% reum%qbllﬁ core
assembly ang R Werior sUITa8e BT IR first iftér assem y may be eloge y aa‘facergt?ostﬁe &Xterior
surface of théheoftgid flehepsdicoitig bikiticnyahedinsifilreasyde abBussdetore aeserdioma fissidilsle core

assembly. The Qupiph? BRECIIEeARR RO VAR IR ISHAILRS {BUSRRISAIE RRARTRDY o least

partially in the interior of the core. The bypass assembly may include a b¥Eass valve and a second filter

assembly meAFREMANPEE MRS HHe17 BassRRARY, RelBdgpres2addErhBRARETBW s%Rlfy Mifeable
along the intgigfophiée sreerhaywiaes arfisstarnsitarandanancand peasiias dndéefiestHeosites, at least a
portion of the bypass assembly be |n the interior core. In the second position, the bypass
Bosembly mal M RV O S AT e Boad i el & B DRI i e
apparatuses eodegiagpthelitheraimablaveo e aspedbymadesereunréama iethefosatiideraiesembly may

serve as the prmARY filieF ASSERUYRRTSRENER APdTsHaR T MeYDH RREMIBA S BemM e fluid. In

addition, because the first filter asSembly is removably mounted to the reusable core assembly, the first

filter assemblyOHRYY BEGUIRKIYRSPSSyMEHdTe 8 MIREFBEIRER] BRE& iilsbepmMe’s RN dhetBuled filter

assembly is shaRliGinpedayiabynedlatdbeckedatobihed eprabiiscarerasgsembly arg aaew, clean filter
assembly is slipped axiall to the exterior of the reusable core. assembly. For many empodiments, the
EAIBIY fhayesbis B KRN

first filter ass Hay ?é%’&&&b?g it oS LUR A, PRERORHY ws ST HARRY LRIy no
metal componapsDNBeedivsditiee dissefiltdy aspehebdeddeioacakdiofibm riisablesable asseralyemnidly and/or

because the st el ASSRMAGMAY MY fiRCRIAGRIN AL BRI CARBRBRNTS (ERIARING: WG lis! filter

assembly may generate less waste and the waste may_)ﬁgbeasil incinerated. Further, the first filter
assembly ma8f Beevitiglintiheigheond destiorrafiiRirseshighydanampyrehiiPracRISEDR example,
filter adrrangem%%tés%@%ﬁlsﬁrﬁp@@wghﬁ@m@@yﬂg@tbﬁ i@wﬁwwﬂh'c may&ml@w@babﬁi%dlrwrbines ttf)llat may
extend some 1 ters or more above the ground or the sea. Carrying a lightweight filter assembly up
and conn thE TR N EETh AR L R 2 P aLE M7 ot LI Y 1RSI Beucing the
amount of tin’wmbeg/w/iallde_namriimsenmdtﬂlmmsdn&afpmaaﬁf@@mmte{ﬁ@@ﬂﬁ@m&ﬂplmuﬁhag the
bypass asse%%&s@ﬁ&é%‘%@ﬁg}/ B@%&.‘é%’%()&'a‘&% alongtieeior of the core between a first

position and a second position. In the first posijtat least a portion of the bypass assembly



second filter assembly, to the reusable core assembly further reduces waste and weight. The secondary
filter assembly may serve as a secondary filter assembly that may temporarily substitute for a fouled
primary filter assembly. Although the second filter assembly may also be a disposable filter assembly, for
many embodiments the second filter assembly may be a reusable filter assembly that can be cleaned in
place and reiftaaiRsdinfEiecikéenpreofiitr Aekrer ihEpraeeRgdilien 488 sPRSSIAEBHMEN OBy pass valve

may also be gfREvERIRFPRGBABALIEisRESARIRaste may then be limited to the lightweight, fouled
primary filter assembly. In addition, because the second filter assembly is mechanically connected to the

bypass valveld989f corhfitsh @At iR ROGLH P EaRAMBE REH S IRPHAR THE TS BRYE @iBYassembly,
inspected anddlaaregsarkbreixsiatied tat thetsitaedszentaytkerve de chegpainyaop fiodrsessecatiiyne .

ly il fill ing, the i [
protuchity S S AL e o RIS, PO SAER B S biF 0. 1 1 o

cross-sectiorfdlafi@asemplilie remospiiysnadnight Aheogsmebke assminbhnthg firfidanagsamiht
positioned in g, pusiRkFSSsRIKIf I AITIQ. i RpIRAH iRV OfculikagRe (B ig3 is a

cross-sectional view of a portion of another filter arrangement. Description of Embodiments of the

Invention [00355RTREN A SHPRN LRGN A AGEIN EME WKL ERHAB RS T ARG RI% B 2

new, clean filter assembly is slipped axially otite exterior of the reusable core assembly.
For many embodiments, the first filter assembly rhaya disposable filter assembly, i.e., a
filter assembly having substantially no metal comgras. Because the first filter assembly is
separable from the reusable core assembly and¢aube the first filter assembly may have
substantially no metal components, replacing tfet filter assembly may generate less waste
and the waste may be easily incinerated. Furtherfirst filter assembly may be very
lightweight, and for many applications weight isiarportant factor. For example, filter
arrangements and filter apparatuses embodyingttemtion may be used in wind turbines
that may extend some 100 meters or more aboverthed or the sea. Carrying a
lightweight filter assembly up and down the windbines makes replacing the first filter
assembly both easier and faster, reducing the anodtime the wind turbines are out of
service for maintenance.

[0008] Removably mounting the bypass assembly, includiedolypass valve and the
second filter assembly, to the reusable core adgdmther reduces waste and weight. The
secondary filter assembly may serve as a secoffittaryassembly that may temporarily
substitute for a fouled primary filter assemblylthdugh the second filter assembly may also
be a disposable filter assembly, for many embodim#re second filter assembly may be a
reusable filter assembly that can be cleaned icepdad reinstalled, for example, whenever
the primary filter assembly is replaced. The bgpadve may also be a reusable component.
The disposable waste may then be limited to tHevigight, fouled primary filter assembly.

In addition, because the second filter assemhbtydshanically connected to the bypass
valve, both components may quickly and easily Ineoneed from the reusable core assembly,
inspected and cleaned, and reinstalled at the sameefurther reducing any out-of-service
time. Consequently, filter arrangements and fégparatuses embodying the invention both

enhance productivity and minimize damage to therenment.



structured in a wide variety of ways. One of many different examples of a filter apparatus 10, which
comprises a housing assembly 11 and a filter arrangement 12 positioned in the housing assembly 11, is
shown in Fig. 1. [0013]The housing assembly may be variously structured. For example, the housing
assembly 11 may include a housing 13 which defines an interior 14. The housing 13 may have a fluid inlet
15 and a fluidoatiPesermiamedyafiawiddine a fluid flow path through the interior 14 of the housing 13
between the inlet 15 and the outlet 16. The housing may include one or more ports in addition to the inlet

and the outlefpgoojudingigfor Rxa@tBkS-3eEBhal WEIbIANEHEr 8PBaiBRIEIRCALRJOEIBENEYSMBIEN as

temperature ang\grlﬁ-ssure Sensors. 001}?{1Th§ ho sigbaﬂa%gnﬁ% may be a multipiece structure. For

example, as &l '}?%[ﬂ%gf%@ﬁ O d‘i Iﬁlfiﬁ asing 20 having opposite ends! a cover

21 on one end@itihe caging BGraisdradisad@vlafenith@geher end of the casing 20. The casing 20 may

be configured{r,a,variet r V. S ipj re and may have a
‘Hggﬁn%]ra”y%c‘ié Of WaYgdsQ S%?E?;%Eg% Bra RS el Ml 9&%%%

shape which rresponds to t er arrangement 12. In‘the illustrated
embodiment the casing 20 may have a generally cylindrical shape and may surround the filter

arrangementd&scrpadnterierbodanens brarasine@may be spaced from the exterior surface of the filter
arrangement 12 to define a generally annular space which comprises a portion of the fluid flow path and

allows fluid t?ééci between the casing 20 the filter arrangement 12 and into, or out of, the filter
rrangement 03 401 SHIc AOURIALR U e ARy St R eie Jateslion MV Bing 20 on one
end of the casing®0eeiy.a avideppresndf wegtte iustieitottdinisodenentpbeafevéiteaanpydesrémovably
sealed, e.g., Wiﬂﬁ%@%ﬂ&@é’gﬁﬁeﬁhﬁ S@eﬂﬁfﬁﬁ%ﬂ%@eﬁl%@ﬂt%ﬁﬁ%ﬁ%@ﬁ iRl RRgRMent 11

by simply removing the cover 21. The cover 21°'may define a space above the filter arrangement’12 that
fluidly comm@SRETEMVith henaALRFipake in the casing 20 and that, together with the annular space in

the casing, fquossp portied K Ubie driesienn by afdhe & ouaE3tructufeat. example, the housing
assembly 11 may include a housing 13 which defamemterior 14. The housing 13 may
have a fluid inlet 15 and a fluid outlet 16 and rfather define a fluid flow path through the
interior 14 of the housing 13 between the inledh# the outlet 16. The housing may include
one or more ports in addition to the inlet anddb#et, including, for example, a vent, a
drain, and/or one or more ports for sensors, sadbraperature and pressure sensors.
[0014] The housing assembly may be a multipiece structbog.example, as shown in
Figure 1 the housing 13 may comprise a casing 2hgapposite ends cover 21 on one
end of the casing 20, and a header 22 on the etltkof the casing 20. The casing 20 may
be configured in a variety of ways. For examglenay be a single or multipiece structure
and may have a shape which generally correspontie tshape of the filter arrangement 12.
In the illustrated embodiment the casing 20 mayehagenerally cylindrical shape and may
surround the filter arrangement 12. The interioface of the casing 20 may be spaced from
the exterior surface of the filter arrangementd @dfine a generally annular space which
comprises a portion of the fluid flow path andawlé fluid to flow between the casing 20 and
the filter arrangement 12 and into, or out of ,fitier arrangement 12.
[0015] The cover 21 may be permanently or removably joioettie casing 20 on one
end of the casing 20, e.g., an upper end. Inllirrated embodiment, the cover 21 may be
removably sealed, e.g., by threads or bolts, tetfteof the casing 20, allowing access to the
filter arrangement 11 by simply removing the co2&r The cover 21 may define a space

above the filter arrangement 12 that fluidly commates with the annular space in the



[0016]The header 22 may be permanently or removably joined to the end of the casing 20 opposite the
cover 21. In the illustrated embodiment the header 22 may be removably sealed, e.g., by threads or bolts,
to the end of the casing 20, allowing further access to the filter arrangement 12 by simply removing the
casing 20 with the cover 21. The header 22 may have a single piece or multipiece structure and may
include the infésns ZAcfsktibaiiaashervtbthecrailnd pERIERRESWthiorthe meadienrahihairect fluid from
the inlet to thg:{ilfRyr au RRaeENRAIAHR f80m the filter arrangement to the outlet. For example, in the
illustrated embodiment_the inlet 15 in the header 22 may fluidly communicate via inlet passages with the

annular spactBilveer B EASRI22 I BSTHANG LN SL RS VBRI IRIREBE A Y dbe 85 Bthe header
22 may provige dppdbsicantheucovatian betweeiidbeditd reaitmp ehecnt i angl they hedletmMoyadlowing fluid to
flow outside-in through. the fil range . Alternativel e housi | filter
arrangement%%]y? ’e%i,%h .65’5@5 tosci?rr%grtnti%t]te%r% rﬁﬁﬁo méuﬁ%ggb? &%ﬁg&ﬁ?ﬁ?ﬁcé?ﬁ%{éﬂéent
[0017]The hdilghgreargensptidpyeisinicreraeMingribay adgvitaike Fevendinpibetheagi®vé2and the

casing may hedoimgd ASRGEBIERIBF e AthicB AN ARG BrBaMRR S iRgthio dnfdreader. As

another example, the inlet and/or the outlet may be in a different portion of the housinﬁ assembly, e.g.,

the casing orlfie 98¢ MirkeBithBARIRe S MERJDSAGaBE R, T s g eibte T S fhaterial, e.g.,
a metallic or polyngericemaied domhichfitccempatjblecnittudiiteliuidoarsaaprbie disvithstiansing the
operating temperatures and pr es. [0018]The filter arrangement 12 m mprise a reusable core
osembly 23 hEuie s WEHEST e Ml e G a6 MR RSERSHEE, vave 26
and a secondhgyafiifelaisspand lyerednthrecrib ik bae dtiediiBoRB AT\ Beileriiehpssagsfovably

mounted to theReyRIRgRSSEMAYptvIRdIRRY HHRRERICARY MRS BEAREIGrRRJEMBASSERMI M3 may be

removably sealed, e.g., by threads or bolts, at an open outlet end of the core assembly 23 to the housing
13, e.g. to th@HELdS 880UingiHY telBpert Bt R HY bR HiskainasmsBd fo Midifatlihunicate

with the outleh&thyisihg st ipassapes fittehaagemdat fhsganftiee @xaaipet theilkoosingi@assembly,
e.g., the header, m?f% q ve a n{HQIﬁltthat quidIgnc{grr]rt]municates with the outlet via the outlet passages in

the header. 'Ilﬂsé'%elj e erﬁa‘{%‘ the reusable core assembly may be configured as a fitting which receives

the nipple of fﬁ@lﬁbusiIT@@i‘,@@lﬁipg/aﬁﬂemblmW@%@ﬁumwﬁdimgnaﬁw@thﬁmléo{wﬁg]ﬂfhietl“éUsabIe core
assembly 23 gay, b, SYMCRYSHI A Y BeSBHAEWAKS: Bigle pieg., a bowl, which may be removably

joined to the header. As another example, the arid/or the outlet may be in a different
portion of the housing assembly, e.g., the casingecover. The components of the
housing assembly may be formed from any materigl, @ metallic or polymeric material,
which is compatible with the fluid and capable athstanding the operating temperatures
and pressures.

[0018] The filter arrangement 12 may comprise a reusatye assembly 23, a primary
filter assembly 24, and a bypass assembly 25 whaibdes a bypass valve 26 and a
secondary filter assembly 27. The reusable caenally 23 may be permanently or
removably mounted to the housing assembly 11 inynd#ferent ways. For example, the
core assembly 23 may be removably sealed, e.ghrbsids or bolts, at an open outlet end of
the core assembly 23 to the housing 13, e.g. theheer 22, allowing the open outlet end of
the core assembly 23 to fluidly communicate with tlutlet 16 via the outlet passages in the
header 22. As another example, the housing asgeagl, the header, may have a nipple
that fluidly communicates with the outlet via thetlet passages in the header. The outlet
end of the reusable core assembly may be confiasedfitting which receives the nipple of

the housing assembly. An O-ring may seal thenfitto the nipple.



example, as a single piece or a multipiece structure, and may be formed from a metallic or polymeric
material. For many embodiments, the core assembly 23 may include a perforated core 30 having a
regular or irregular array of openings that allow fluid to flow through the core 30. The perforated core 30
may, for example, have a generally cylindrical shape with a central axis and may include an exterior

surface 31, albWrior 3hedpdsapffoente @raemBly3P may beretbsterbiiony afayalatier include a seat 35,

36 at each ergF3pRA £F eKQELHEEE PR MAMNEEERERISaRRRILS PR folAYBE B HR RIMaNRLPerforated
extension of the core at each end. However, for many embodiments, each seat 35, 36 may comprise a

separate end? ¥R HINAIEHAD fHRY SR ERBULRCHES. MR AEERDRY S5MAy RN MReHarIFdurface
arranged to seakagfainsttheapagudey diltercgssmmalisy24F. cﬁﬁ%ﬂﬁh@llpwfrﬁgrcyﬁumss@m@mm may be
removably ”?88(336.@%6 ISHSADLS, Cor8 Qﬁ%ﬁg‘b%?éx%@%g gge%)éﬁ%rl|orcshlrr1]:ﬁ?ceapé]ﬁ8f g‘ﬁiﬁ{’ée 30 and
may be configuréd in any 6f numerous ways. or examplé, the ptimary filfer assem y 3 may comprise a
hollow filter 4CERHRIrRXis peehnRableciids aneeiierionAlUMHessR lieee321 288 P pppRititensisdBand. an end

cap 44, 45 segled Lt /it FIheallter 8y ihok GO ove iga A0y lieye an finRe digetes that

corresponds to the outer diameter of the core 30. The interior surface 41 of the hollow filter 40 may then

be closely ad?&@é%?fﬁk{ﬂ%"@?@ﬁo‘?%ﬂ?ﬁ%? PRY R HBF@‘@O‘F‘%WH&%%”@% Ao Eﬁ'ﬁ?p?)‘f?ﬂfé‘ filter 40
against the fanees Bssesiateidwitbriivdtboding owisiden s d R EBghy tbenpstivary fiiearagsentbpicdé. For
some embodjments the filter m ot he pleat ut for mbodiments the filter 40 comprises a
oty of pURERAE IELREN A% B8 o e e AR AR S N QR ©
generally equgalcagsinsetitepthnantfidetasabdibia@de between the inner and outer diameters of the

hollow filter. Fssopr, thenftss may pRISISSERMPLING HjYmasisyamy May kPmerisssaRuiyer structure

having one or more layers of filter medium and one or more additional Ii@rs. For example, the multilayer

composite ma§IRTINNERE BTN IS EX G5O SHARES 1! e FR VAP RS SORAEURE AR layers(s)

and/or a porausieysidenysteanainpie., the fienaneieidessl tenitecomestisendaysids) filtdeqoorous

layers may bﬁ coarser than gt])?ef]l”teerr medium %%q May Serve A

aving a per or Sa%rd?ina R ikayerga f%r rg}]n(ialr}% f(l:uidé% or
from the filter fhedrm andfor support layers for structurally suppor NP e filter madiuin. TheS ilayer
composite mz_&’y’ fpatest in@ac_ie endudtilenfiigndfer Dwhelitien $0roay w@r@mmme dimemdhah to protect
the filter mediyndLaaHaLESIAN RNNG ARMLS JANRE- QR TRR REFAGRRIE e medibibinavebe

constructed in any of a variety of ways, including, for example, as a supported or unsu&))ported membrane

or as a fibroudOsTa¥iiten ke el arhaaiReR Cipi i RIERITRRRI A KNS5 Pl rPEPWBS- 6 SiBRous

sheet which masubpontrapeepnpleghatht Thefbliarsne gednithciu e rmeg bireMeimtipbigmeeus
materials, including, for example, natural or syntheti | rs.and glass, or other ceramig fibers, and
e have & TR R 2 DB B R s, e e S B R O S i
the submicroaméogdanemndsrtiiertiteraliyeoptsessepl FalitpEhysehad eaherahessialy betméeal tegrendd rating

may be less hianahaut Ay MieRyADJhedlHS ItemhSmRadim rétq&aﬁﬁ!tsrh LR FORArLe a

matrix of glass fibers supported ona porous polymeric Substrate and m? ave a nominal removal rating
of about 10 nHliSfBASEIP§EKEER (e HBKitnOHiRdiRBIelesEaBt o i e Ay Eagys e s oMME primary filter
assembly 24 ¢payisiohgnsialdditBEmedium or may comprismaltilayer structure having one or more

layers of filter medium and one or more additidagkrs. For example, the multilayer
composite may include a porous layer upstream.gf, en the outer side of, the filter medium
layers(s) and/or a porous layer downstream of, ergthe inner side of, the filter medium
layer(s). The porous layers may be coarser thafiltar medium and may serve as drainage
layers for draining fluid to or from the filter mieth and/or support layers for structurally
supporting the filter medium. The multilayer cormsjte may further include a cushioning
layer between a porous layer and the filter mediuprotect the filter medium from abrasion
by the porous layer.

[0021] The permeable filter medium may be constructechinat a variety of ways,

including, for example, as a supported or unsuggomembrane or as a fibrous structure,



opposite ends of the hollow filter 40 in any of numerous ways and may be variously configured. For
example, one or both end caps 44, 45 may be an open end cap having a central opening. The central
opening may have a diameter which corresponds to the outer diameters of the perforated core 30 and the
seats 35, 36 of the reusable core assembly 23, allowing the removable primary filter assembly 24 to slide
axially along Sh€leREeibobPheyHadssp| dikios 483851y MDUERS MO RIp§Rraug shagiwicdpaeyd axially a

distance simify Jndhpeai slisirrcemRINEIHBE SRS DerGianshmay bemaaladle thaseats 35, 36, for

example, by O rin%_s maounted in the central opening of the end caps 44, 45, when the primary filter
assembly 24 REHBRGA" B BRI S3HEAL OF RPYE1308 £498% QA ARE RE IR AP Rt ARSsembly 24
is separable frayhand doasapivintlitiecthemcaushblectarstnshaiityyf@aceaenplanarnofiiaaassembly 24 is

embodimen e D o e G et S IS B L el B SBEER, ey

having substétgiamynitahieme wiaiheeney Polestiimiahbenienma trerdisisionied virtually entirely from
polymeric malgiigintceRidanidienslarmiingly pahprrbtheing madivets b porcaBa MgyrbgSashioned

virtually entirely from_ polymeric materials, and the -_rinps may be fashioned virtually entirely from
elastomeric rRZMASIE WRﬁHB‘é%ﬁ%ﬂéﬂl%Wﬂt@? d %@E@%&E@*ﬂ%‘ 30BN IRAYFSE &n lighter
and may be eawily sreinalaiatof0824]Many features of the previously described reusable core assembly

and the repl e primary filter assemply be further described in United States Patents No.
5.252.207, NDBATe 5B ST e B R e ey B R i g assemby,
the reusable eppesitssendlsipf dirlbkopriitiaryflliecaysHirigumapseasie cadyaly \wirlislyive to offset any

electrical imb@éﬁﬂ@@ﬁeaf‘¢6‘?‘é‘>&8ﬁ1§|§98ﬂ@6ﬂi§ﬁh%ﬁ@%ag@ lghbb& s 3PeRtRY @HPHM&@%WOUW the

&)
filter arrangement, as disclosed, for example, in United States Patent No. 7,128,835. {O |The bypass
assembly 25 RAYBEOPEMBYadifsTSHHRAPRS Y By iueder which corresponds to the outer

diameters of the perforated core 30 and the s&a363of the reusable core assembly 23,
allowing the removable primary filter assembly 84lide axially along the exterior of the
reusable core assembly 23. The end caps 44, 4Bensyaced axially a distance similar to
the axial distance between the seats 35, 36 andmagaled to the seats 35, 36, for example,
by O rings mounted in the central opening of the esps 44, 45, when the primary filter
assembly 24 is mounted to the reusable core asg&abl

[0023] Because the primary filter assembly 24 is separabie, and does not include,
the reusable core assembly 23, the primary fiksembly 24 is lightweight, and replacing
the primary filter assembly 24 generates less wastether, for most embodiments the
primary filter assembly may comprise a disposaitierfassembly, i.e., a filter assembly
having substantially no metal components. For etanthe filter may be fashioned virtually
entirely from polymeric materials, except for tHass fiber matrix of the filter medium, the
end caps may be fashioned virtually entirely framlymeric materials, and the O-rings may
be fashioned virtually entirely from elastomerictarals. Without any metal components, a
disposable filter assembly may be even lighterraagt be easily incinerated.

[0024] Many features of the previously described reusebie assembly and the
replaceable primary filter assembly may be furthescribed in United States Patents No.
5,252,207, No. 5,476,585, and No. 5,543,047. Eurtimany of the components of the
housing assembly, the reusable core assemblyhamatimary filter assembly may be

electrically conductive to offset any electricalbatances and reduce electrical discharges



assembly 23 at least partially in the interior 32 of the core assembly 23. For example, in the embodiment
of Fig. 1 the secondary filter assembly 27 may be positioned entirely within the reusable core assembly
23 and sealed against the core assembly 23 near the outlet end 34. The bypass valve 26 may be
positioned partially within the interior 32 of the core assembly 23 and removably sealed, e.g., by threads

or bolts, to thb@brigEsensiansed hrdrtkdppesheordn e fmicnaemniptiepoTIREeAgshdarvalve 26 may

extend beyond A fOrR asFRNINES IRkehaloRe 1 P8BHe space between the core assembly 23 and the
cover 21 of the housing assembly 11. Alternatively, the bypass valve ma§ be removably mounted to the

core assemblY@lirely Wi RASSATRCIUYABINEN S fiFH MBI ME feusallfBREmay be removably
mounted withasdbwe iedoatdé tise penizdblm cocarasdoniihe [RO2GIdwmiypass Falvexaraplbeimehsable and
may be structured in rQVvi vhass fl h ar he primary. filter . bly when
the primary fi#gr% gg's%@n%l%tﬁ@@m%ég Sﬁ&%ﬁﬁ&@%@%ﬁ% w e%%%\%lv%t %ﬁ’éﬁéﬂ%ﬁ#@(ﬁﬁzﬁgssemny

becomes insigficRPIE FUiCacaRplRy th dyhasslotigaaeshibpssenal 23 rarirtapaulotandd3A50 and a
moveable VaFVﬁerB%Hé%r\éiv@szQHB?tb@ﬁ%ﬁim@d%%@gmﬂﬁiﬂefﬂrﬁ&f?éﬁ%tzthetﬁéhé@re%\éeﬁ%y a spring
e

52. The force of the spring 52 may be selected to hold the moveable valve member 51 in the closed

position until #FAPATRIRP RRY 3684 H0R DaSEEAES 8b 18R PIS ARREHTRL &t HriS ORP SR HBss the
primary filter asse3BbIyr4réniaasithef/algdmastoeiltd ZoMamfTe vetfun i aheedoosl v s mpiies, thue force of

the spring 52, Th pass yalve 26 is then in.an open position and unfiltered fluid may flow around, or
oypass, the 1SR SRR D P A S RS o Vv bocy
and the movésskmeivelmévttreativaly b e thipasedalve naydmoutixyeomiiedtatne €ore the embodiment

illustrated in Bigselniflg ¥AlYE! Rﬁhﬁiﬁ%@%}ﬂ%@@%@ siRtianaenBreepasieavsembrARRGHAY 2 blind end

piece 54 at an upstream end of the exterior sleeve 53. The downstream end of the exterior sleeve 53 may

be open. The BRRFASBEYEIES WHINJOG AR LisieepaRIe BHSEIRAYs or bolts, to the reusable core
assembly 23[@0ge] to tThe@ghRisceaRle Neay detheusaliy id ag hvedtienvalvevagmberdlideay

comprise a moyeable } terior. sleeve 'Tinslideab&%ﬁaled gr%mgig tthe stationaF ; exteriorrn glleeve 53 and
: nen

having opposalltgy(?pagﬁ e?lvc\f&alﬁt%@%?oseg B{)'Qi‘ | o%reagp QF tRe Shideabre nterior Yleeve 55 may

be sealed agh@ustnies bhddlﬁmlﬁéwﬁ@wflhe f@méfm@mérﬂimaag' Hneﬁwgtﬁ@v@wm&fﬁe interior sleeve
55 and the deyngfraain ey @éﬁﬁ)@ftﬂé%ﬂﬁgé’ QavePBYin@RRkIR 'QQ&RSHWUQF@%B&*%%@ gssembly

23. Openings 56 in the exterior sleeve 53 near the blind endéilece 54 allow unfiltered fluid in the space

below the colRPVERREYEAGEMEeiel RUtBRRPEE BirsAtbIES|eaniinbrefdsidsvalye hadyett rmined
differential prepsusprieySEPTRdiIRGde cntussfplisrahtirtedeany filted arseambbaBie aarkr insufficient

member 51, &1 HE s B S tE P SI0By 0L i G SosCTEly (e B0y S0l G0 I it enl
piece 54, opéhindiffieecblipbisevsaive 26 of30P8] Primanchitetamifijteddoseraithe Xalneapb@ipoysitioned in the
interior 14 of e from the valve body 50 against the force efgpring 52. The bypass valve 26 is then

in an open position and unfiltered fluid may flovoand, or bypass, the primary filter

assembly 24 into the interior 32 of the core as$g2i®.

[0027] The valve body and the moveable valve member mayrbetured in a variety of

ways. For example, in the embodiment illustrateBig. 1 the valve body 50 may comprise

a stationary exterior sleeve 53 capped by a blmbtipgece 54 at an upstream end of the

exterior sleeve 53. The downstream end of theriextsleeve 53 may be open. The exterior

sleeve 53 may be removably sealed, e.qg., by threaldislts, to the reusable core assembly

23, e.g., to the seat piece 35 nearer the coveilB&.moveable valve member 51 may

comprise a moveable interior sleeve 55 slideakdyesktagainst the stationary exterior sleeve

53 and having opposite open ends. In the clossiligo, one open end of the slideable

interior sleeve 55 may be sealed against the leinttpiece 54 by the force of the spring 52.

The other end of the interior sleeve 55 and therstngam end of the exterior sleeve 53 may



housing assembly 11 in the bypass flow of unfiltered fluid that results when the bypass valve 26 opens.
For example, in the embodiment illustrated in Fig. 1 the secondary filter assembly 27 may be positioned in
the bypass flow of unfiltered fluid in the interior 32 of the core assembly 23 downstream from the bypass
valve 26. [0029]The secondary filter assembly 27 may be configured in any of numerous ways. For
example, theQpaalifdadie sTteie s de\carepesaRib HEENNGS PeishdetexierneT HeexriaBesgth of the

primary filter azSeB¥ s e B S HeARAP It AREPASRAMPA CE WERkRT tHEBVER T iIainsdar afiiiesecondary

filter assembly 27 may be smaller than the inner diameter of the reusable core assembly 23, providing an
annular spac:[i/T)(%‘d\t}\%\| R B ANA Ry RIR A P Ie PG R APL B G RBIGH 0 5oy SRV REESRIERor of the
secondary filrassambityg26. Uik s ¢odirdpoy dikepranaeniitys2miblq\? ¢ amgiosénauiidiewt filier 60 having a

ble fil ium, i f ' (o] @ ' 1, 62 led
o ench end dPE oo, R BB B T w9 e RO SO RO B o oo
while the endvahjs GBI €S bileed- eiig Hlareas dwefiees sEByRyaldram shivealy vapy ety 5€n end cap

62 may be seajedite ifdesaBleose anaiy Y fphxaPle, to the seat piece 36 nearer the header
22 by a gasket, or to the housing assembly, for exam;)Ie, to the header. Alternatively, the secondary filter

assembly anm]reuSEB%SEB@%%W{BMWB'}%UW REBASHIPNARS HEXAEPIdEne another in
other ways, iholusiintgasseexdyilen ahd ispasd tton et clivitiefiio arayidniisasenl tise Oy Esandveng.
[0030]The haollow filter and the end caps of the secon iter.assembly may be similar to those of the
primary fiter 2008y o e b DSy et A e X B A B, poeable
filter assembRésNAY e pesitionetost tbmbreiskiesthbusddiefdishnftherinissiombB ol Thmagreomprise a

reusable filtep agsemplyhrimaydediranatkanphasingialiedsfor example, when the primary filter

assembly 24 is replaced. For example, the end caps 61,62 of the secondary filter assembly 27 may be
formed from & aIIic-Fﬁﬁté?i%ﬂ”a‘?ﬁj’)bmﬁé%ﬁﬁ%”?ﬁBd?ﬁrﬂ“ﬁ%’a%%?ﬂﬂﬂ%b@dﬂéﬂ‘%%ﬂyﬁbé%té:@rporous

metal example, the axial length of the secondary filsseanbly 27 may be shorter than the axial
length of the primary filter assembly 24 or thesa&ie core assembly 23. Further, the outer
diameter of the secondary filter assembly 27 magrballer than the inner diameter of the
reusable core assembly 23, providing an annularespatween the interior surface of the
reusable core assembly 23 and the exterior ofedberslary filter assembly 27. The secondary
filter assembly 27 may comprise a hollow filterl&ving a permeable filter medium, an
exterior surface, an interior, and opposite endsaanend cap 61, 62 sealed to each end of the
hollow filter 60. The end cap 61 closer to the dsgpvalve 26 may be a blind end cap, while
the end cap 62 on the other end of the hollowrfB@may be an open end cap. The open end
cap 62 may be sealed to the reusable core ass@®digr example, to the seat piece 36 nearer
the header 22 by a gasket, or to the housing asgefmbexample, to the header.
Alternatively, the secondary filter assembly anel thusable core assembly, or the housing
assembly, may be sealed to one another in othes,wagluding, for example, a threaded
connection with or without a seal, such as an @-rin
[0030] The hollow filter and the end caps of the seconditter assembly may be similar
to those of the primary filter assembly. For exmpoth the primary and secondary filter
assemblies may be disposable filter assembliesveMer, for most embodiments the
secondary filter assembly 27 may comprise a readdtdr assembly that may be cleaned
and reinstalled, for example, when the primargfihssembly 24 is replaced. For example,
the end caps 61, 62 of the secondary filter assegibmay be formed from a metallic

material and/or the filter medium may compriseeapgd or non-pleated porous metal
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medium, including, for example, a porous metal medium formed from a metal screen. Other porous metal
media include Rigimesh(r) metal media, PMM(r) metal media, and PMF(r) metal media available from Pall
Corporation of Port Washington, New York, USA. Having a porous metal medium allows the secondary
filter assembly 27 to be thoroughly cleaned, for example, by high temperature and/or aggressive cleaning
solutions, andRsliged iIBORICIRG. fRstRNDPIENRRYTBlspBSIY| apHieape difiona adenaiblise erirtkeNahe

secondary filies8589R8Y M édiAnSBBERagiIMEaR thAReeit teANiRatN EapacampPeRRaaf the filter
system downstream of the secondary filter assembﬁ rom flaws in, or catastrophic failure of, the

ly f
components (}5SHieaR0R SiEro MAsAUL o iRt YN BsmidVFyF ERlmBRAthE DRIy filter assembly
and the bypagsrealyendtairmeainymiaiionct ik, ssubodinydiitseafittyelinve biiahptbeadiite cleadidnfaf the
secondary filter I rser he il iym of the primary fi embly 24. For
example, theeﬁ(gﬁf?l%mmgq}a?g@/l ?gagﬁ%g‘ ﬁﬁ@a %@é% r?lﬂ%f%]'?eeggilgboncfar%n |Itreg]r%%(gre!)tr\n?%rl?/ﬁr%ay be in the
micron rangelitgticaes s¥MmBBy seipesentp edimeivts tbeasspfi rerieyatheseganag b éles@ssembhicrons or
greater, e.g., AORIMAQLRNCERS QRSN ea&%&ﬂn%rm&lag%&eﬁ&me% filisfeassembly may then be

ow

coarse enough to ensure that sufficient unfiltered fluid f rough the filter a_rraggement continues for an
extended pefiQBFH AR LHPEREA)PARY VUREASSEML Y T FMAE N FRASHPRINTJORULS §8 Ehtaminant
particles thatqoigpdetherwigserdamaf ehthseltoretays fétteriasgbiaibl tiknbitésrap@atipie stis peezmyonent.
[0031]The segondary filter assembly 27 may,be mechanicall nnected to the ass valve 26. This
mechnea dR R A A A R Bt R B oy o the

bypass valvethg filfeamsdiutheotdre sesmdaty flBgrassenitiyaiy denerarsrg then seediiganeiltemassembly
and the bypagpalyaindGRREASSMITEA CHERBIR AIB IRTRMAYe RBIACRIMRPBEMS fifdt be quickly and

easily removed from the reusable core assembly, inspected and cleaned, and reinstalled at the same
time, reducing' 8- ah B ihe SPERNEARATSE FRREEDM SRR R BT JPESR RICIOESS] THY S8EFdary filter
assembly andiibypass vavieommabe meehaaicr)yhegmeetbethigoryabhaateerpnaptyt sva wide
variety of ways, for example, anpechanied lkage edcading doudn ing, erion of fne core may
mechanically Connedt Hheseton ary R P SEEHE y and ypass varR/e, and’'the mechanical linkage
may be configoeedliimensereubatsyident axditgrkd thisrherhaaictlidifikagerraagehecodnfigtinegdso simply

pull one of thﬁ)ﬁ%ﬁ%@éﬁ)ﬂéﬁtﬁéﬁéﬁ%ﬁme%mﬁtﬁ% MAMERU QT ETRIGAT B R ARy GeaSSEMDlY

when the other is removed from the core assembly.”For some embodiments, the mechanical linkage may
then include SR BRABARHRATIRIEH TR i BemisRsRe das didisysimdBnviitd pHLsvalve and
the secondaryditeaasseraympsribatbypass valve is uninstalled, e.g., unthreaded, and removed from the

core assemb chaip may pull the. secondary filter assembly along with the ss,valve, first
unsealing theﬁssoegclgndaar[lyH ﬁltc‘gr\'t/ éjgsgmgll@e 8 S?hnéél Otrfg(%a ePneD@ec?rﬂﬁ é"&‘%.‘tr}nsdgg"g@‘n%\ﬁpgﬁé then pulling
the secondarvaiie2asJensolyetbanite dotenntionttse utspeasitamplyephi@nitaticelyplihg oh#thanical linkage

may be configseida Pl PHURARHSNANG Rl AsRORGRRBIHR! aseeRbb thg bypass valve out of

and into the interior of the core assembly whén the other iS removed and reinstalled.”"For example, the

mechanical [iAR&G8HEAMITORNRENNIRE SBCORERYi AL R SR &R MG S MR RSBERMIY Hetween
the bypass valeeranshie careanstainibilien assesripynAstshe RESeNRARIly remexadfepmtitae core

bly, the rod may first th il ly and then pull th dary filt
acembly SRR 8 80 D SEEIRT e 0 BRI SLLBF e VCIRe GhE TOARS core

assembly, thameuondhﬁmﬁlmaaﬂseﬁuiﬂlysywbmpyﬁmmmmee interior of the core a}ssembly by the rod
and then seajggslg theﬁ%%@é%%%%@r%Qﬁ%ﬂ%ﬁﬁs@%&é&&@&é’@ﬂ&ﬁ%@a‘@moume"1 €g.

threaded, onto the core assem I?/. _ _ _ _
connected, removably or permanently, in a wideetgmdf ways. For example, a mechanical

linkage extending through the interior of the cor@y mechanically connect the secondary
filter assembly and the bypass valve, and the mechlinkage may be configured in
numerous ways. For example, the mechanical linkaaye be configured to simply pull one
of the secondary filter assembly and the bypasswalit of the interior of the core assembly
when the other is removed from the core assenibdy.some embodiments, the mechanical

linkage may then include a chain extending throtighinterior of the core assembly between

11



[0033]In the embodiment illustrated in Fig. 1, the mechanical linkage 63 may comprise a generally
T-shaped link element, as shown in Fig. 2. The link element 63 may include a rod 64 that may be
removably attached to the blind end cap 61 of the secondary filter assembly 27 by a nut 65 at one end of
the link element 63. Alternatively, the rod may be permanently attached to the blind end cap. At the other

end of the linfhelByRess 63 secrnssipresrcaplaydiltngsserpabiiie EpRsR AR & it BialiRs Ba .
permanently gragaARbfiteddo/ietRmans YaliassefrlprfidnannaN ehd Sidbsastigtinrary exterior

sleeve 53. The cross piece 66 may be variously configured to allow unfiltered fluid to flow through the

bypass valve®8 PR AP REULHIER DWRARS il Ve dbTdISamtis SREQRTY Wie 8B HomdBR, unfiltered
fluid may be doectadeniblyher tiie happiatpissdridbheating tindetgidléns tve deryi filed sezeblylyl ficnd along the

fl hi interj f ' ly 1 he fil , he fluid
b el DAF -moe e Tl s e e e e A g e

may be filtered. For example, untiltere

inlet passage’oiih il lfeddurshons ihthmAarandpact!tes migratHd e bima oD il thet fitangdriaitgement 12

and_t_he Spac%é’ﬁ?ﬁ‘ﬂé%ﬁ 6\‘)%8‘?:‘6?& %%s%‘?ﬁ%ip%ﬂ@ﬁrtﬁgéﬂ%m@%&gnwg%mﬁlIQHPEI?&\é"f)g%(ﬁ&@,ifhEhe closed
position, the unfiltered fluid then passes qutside-in throu%h the filter 40 of the primary filter arrangement

24, where thREPHER iRk FemB\RLRAMtARHIS RIFRX RB/EE fRIRIO[G¥4BFHiRERed fluid may then
be directed ateigritgyfloaddban patibjiemsthel fitandniangecokitid te itigyo utle tHd bpghss halising
assembly 11 and out of the filter apparatus 10, For example, filtered fluid may.pass from the primary filter
esembly 24 B TR R e B R e S A R
the embodimiéwenilustithecseieopitpry fities dkseatbBuic m dyemeiop s ahre aghemblyedheampéiter assembly

27, €.9., Outsigeria SEQuORI) &G B UGS R HYSSE e B8 €8 2388 RBRIYnag-Jeecause the

filter medium of the secondary filter assembly 27 is coarser than the filter medium of the primary filter

assembly 24 PHROGHAPEY TG BSASE & Bieshy thrsaeM the Rl AR et alRb IR e P& PRSEY8condary
filter assemblyr 27eraiging sgetyblinicuies bipass thaviaie wes,m. thetisecordanhiiteieassembly 27, the
filtered fluid rga%/e[pma@s through the outlet of the secondary filter assembly 27, e.g., the open end cap 62,
through the outiet Of the reusable core assembly 23, e.g., the open seat piece 36 near the header 22, and
along the out|e0Fssadiethie ehedhdiaaknt 2R et dteddotieg 16, ihehpdwbabiingagsemblgyldofQuBe]After the

primary filter gsseraiyrashBpeamacitifictRNLY LABIGH i EHHRGIA I hent 63 may include a rod
64 that may be removably attached to the blindem61 of the secondary filter assembly
27 by a nut 65 at one end of the link element ABernatively, the rod may be permanently
attached to the blind end cap. At the other erntti®@link element 63 a cross piece 66
extending perpendicularly from the rod 64 may bem@aently or removably fitted to the
bypass valve 26, e.g., to the open end of theostty exterior sleeve 53. The cross piece 66
may be variously configured to allow unfilteredifluo flow through the bypass valve 26
past the cross piece 66 to the secondary filtermalsky 27.
[0034] In operation, unfiltered fluid may be directed itie filter apparatus 10 via the
inlet 15 in the housing assembly 11 and alonglthe path in the interior 14 of the housing
assembly 11 through the filter arrangement 12, wiies fluid may be filtered. For example,
unfiltered fluid may be directed into the inlet itsthe header 22, along the inlet passages in
the header 22 to the annular space between thegca@iand the filter arrangement 12 and
the space between the cover 21 and the filter geraent 12. With the bypass valve 26 in
the closed position, the unfiltered fluid then massutside-in through the filter 40 of the
primary filter arrangement 24, where the filter noead removes contaminants from the

unfiltered fluid.
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startup, the differential pressure across the primary filter assembly 24 may become unduly large and/or
fluid flow through the primary filter assembly 24 may become insufficiently small. At this predetermined
differential pressure, the bypass valve 26 may open against the force of the spring 52, and unfiltered fluid
may flow around, or bypass, the primary filter assembly 24, flowing from the space between the cover 21

and the filter B98PlgemeitiensdivisLigiayrbespen tigried alkve e dHavrRathBaméhefier of the reusable
core assembly23gdheiidteseddlbifiseay thenasssthipirinang R dikREASssARINs210. .9,

outside-in through the filter 60, where the filter medium, e.g., a coarser filter medium, may for an extended

period remoVehEALPIRMLR R LYHEIAVRARS HoLr Hm‘@ﬁ{"mﬁ%ﬁéé%%aé BERH98r1BRts of the fluid

system whiclparfodosdhstresdn fnaurirttoetifidientariergenfahishbld-core tuzénteo?Df theheecondary filter
bly 27 fi flui irected tp. t tlet 16 of the h ' [ t of th

fter apparat e B R e e e B B R S Bl oo

service and tR8SefAry fil@Oasuiailryr4heiobdhuitiRiftHa e iiayioepfdbe deronesaili®s, the cover 21

may be remoyechfrei e ervingsEnerithe RARINAS: Wil IME 2 LR 0Ly REgNRE fARKthe header
22, allowing access to the filter arrangement 12. The fouled primary filter assembly 24 may then be axially

slid off of the PEUELIEGHIB QL NIy Bify arseindrs iarAdigrRAsSsa Fesbe N EdtNBeThe
primary filter sssemdaty Bdemaysemily 2loagdhieecsdecnd sarfice dblpthecranisalie geiveuatadstbly 23
between a first pasition and a second posijtion..In the fir ition, the end caps 44, 45 of rimary filter
acsemnly 24 g BeE DR o e S e, SRR R I R s LR o s
and interior sovtigiofithesawepirnafitditassessbinBi; 24e sipentkedriiapi6Zsthfaggthe btilefittetheo, may

be closely adjageRtiodbre BXEIiRpFUHRE 3RS HpR fRRBIRRULRSIRMAY 23, £18-albivyaKierior surface

31 of the perforated core 30. In the second position, the ﬁrimary filter assembly 24 may be removed from

the reusable SBHEIRASSHRY F5I& RedrBriftaly Hiecr i dRRPosina AP srEIP e dxially slid onto the
reusable corgoassemblixies alengithe eremasimiage3 befdhresaigiml) touibtheeadriegis <ld 45 of the
primary filer gasembiyc24scal agaAnstiie. scats 35, SO tihe feusable sore aspembl 23,
[0038]Whenever e primary filler a?ssemb?yaffl IS reﬁgé'e , or ROother maintehance i ervaLIIQf the bypass
assembly 25Ia1gg arxtidsdlvehilovethemyindseiotischrzditersenpity, 2dentgiphssorad/iwgiiciantlye removed,

€.9., unthreadgh TN Re SRURABIMFRYE AFSRIARY &%lé’lé?rfill(@HUBQJéQ}EI\FB%B“Fﬁé&%ﬁ@noéé%é?m?b'e core

assembly, pulling the bypass valve 26, the mechanical linkagé 63 ., the link’element, and the

. . _ ,e.g.,th _ _
secondary filfeF&sSERBISPEIroth e Hibliried S\ Wemeedar %%%%n%l%yﬁ@sﬁi theraraanidiiehe. The
bypass assenrxdymblyay, mavagimig the dpieiiobaidedihreeasabie errfilessarablednbre. g2 the interior
32 of the core 30, hetween a first position and a seco osition. In the first position, at least a portion of
the bypass aLLSHA Fo0R50 PHRESS BNEAY A S DPE A e g 2 a porton
of the bypassihalvefiieredusemaytbentpeass BRafdinthreodatylditnrassssambly 28 ge.gytsideiinerior 32 of

the perforateshgigyhel ikt oand ORI HEAURRSARSIRIPHIEE MANRE iREaKedfom the usable

core assembly 237 If the secondary filter assembly Is a disposable filter assembly, it may be replaced at

the end of th&HRREhRAIAthreIHeY RiBlWedel (8 1afReTy-eRBERIh T O bersiReH P TIREP assembly 27
may be a reusailsofibetasselydayditie warairndiias pearmbdydé raanayeithetitel yrasmvalve 26

may be inspegted and cleaned. The cleaned or renew T%)géas ssembly 25 .may then be reinstalled in
the iterior 35751 HE R RADIe oS BT 3o e o by PRSP LAY SR Hetiserted
into the interid6 32 tbetheusorg assentilyy1d3awitltihefdperidgpdratis 82 .of the secondary filter assembly 27

facing the hepgag22. %tg?%%%%soﬁ'?ﬁ%?tﬁésﬁi[&% J%s%nﬁﬁ%%@r%ﬂ/ HREGRIGEL O the core

assembly 23, the open end cap 62 of the secondary filter assembly 27 may be’forced into sealing
engagement SATHERAREE1BEERDNIPY 23588 Hyesimg nEskiBRAeasly fRelaceEhdriE S RMRIge 63, e.g.,

the link elemenid. AB(iET therpai Yeahel sadahdans flteimssaiabiemicisiaticthdheviier appgratus 10 may
be returned t(r)esr’neory(iacciefrom the header 22, allowing access tdiltee arrangement 12. The fouled primary

filter assembly 24 may then be axially slid offtbé reusable core assembly 23 along the

exterior surface 31 of the perforated core 30. gimary filter assembly 24 may move along

the exterior surface 31 of the reusable core adgezZBlbetween a first position and a second

position. In the first position, the end caps 48 of the primary filter assembly 24 may be
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[0039]While various aspects of the invention have been described and/or illustrated with respect to
several embodiments, the invention is not limited to those embodiments. For instance, one or more
features of these embodiments may be eliminated or modified or one or more features of one

embodiment may be combined with one or more features of other embodiments without departing from
the scope of 8¢@lpR/agans! Ransm i dinikeseaisBoe BRI faRlasarerassemp i@ hanthitirrigcope of the

invention. [0Q4plkas instance 1pﬁhﬂéﬂﬁﬁmfﬁ§§bhﬁﬂﬂ9%ﬁ¢%,hﬂe@&mm¢§9e anchingDHRASROVAhMg May be
y

mechanically connected to the secondary filter assem directly connectin%fthe two components
permanently B RAAS6V-BHAEH! B RXIRHOLILa: WERIEURRBIS 4R BSSF R toh&l9: (€ bypass
assembly magxberioosiidaceBwith tieepsefmatialy dited @b ety d pstitoe thpptisany filben the bypass
valve in the b fluig flow path. e [ t f'!lggg % e 12 illustrated in Fig. 3 is one
of many exargg%zﬁtk#&%% aver%ﬁg%?dgf?ﬁgo{ﬁ%g%%?ga ures. g}l%gbgﬁg%dgrﬂpoaﬁ%ﬁ@egf the filter

arrangementassemneWr2thiray. tBendie risiivitde tontec o relgeruata SRMBI¥ilRSr larthieneegrmal shown in
Fig. 1, and sigj{eosranRe iSRS RRIgthwiEh dhasameri@ie 1aiRerP umeraiscliBridindbs embodiment

of Fig. 3, the primary filter assembly 24 may again be removably mounted to the reusable core assembly
23 around th@ SIS NBIEHIN pefiBF e BE7R0% CarfuabRPBY pass assembly 25 may again be removably
mounted to theosslisablaiaaevesseanbriynddyliieast s p mishephiesiar Shaf themoramssembly 23. For

example, the.seat piece 35 nearer the cover (not shown) may be threaded opbolted to the bypass
ssemily 26 VA e N iy i TRt SRR TR T e
26 that is direttlyendédhayibalig wonadceed tonHuessrshdeunyditentis sereiapSEM kit prdrpalieshtly or

removably. FHBWH%é*ﬁ%é‘ﬁﬁ}%’@éfmgtﬁétﬁé%ﬁ‘é‘wbé%é@ﬁw%a%gi%g@%%%ﬁ?@%%@ﬁw@é’ﬁﬁ%ﬁawe 26

in the bypass flow path. For example, the secondary filter assembly 27 may be positioned at least partly
in the space HBfReAIne 8olB? 4R RN ARGt REMUB N ART AL YA &8 58 e'HtHé Skcondary
filter assembiyi@ édacng ¢heboreniliaapeamendneap PRedbifessausndanniiljenaasamhlytde may be

directly interior 32 of the reusable core assembly 23, thg.interior 32 of the core 30, between a first
position and a second position. In the first posijtat least a portion of the bypass assembly
25, e.g., the secondary filter assembly 27, thehaueical linkage 63, and a portion of the
bypass valve 26, may be in the interior 32 of thesable core assembly 23, e.g., the interior 32
of the perforated core 30. In the second positio& pypass assembly 25 may be removed
from the usable core assembly 23. If the seconiiltay assembly is a disposable filter
assembly, it may be replaced at the end of the arecél linkage. However, for many
embodiments, the secondary filter assembly 27 neagy teusable filter assembly, and the
secondary filter assembly 27 along with the bypadge 26 may be inspected and cleaned.
The cleaned or renewed bypass assembly 25 maythminstalled in the interior 32 of the
reusable core assembly 23. For example, the bgsassnbly 26 may be inserted into the
interior 32 of the core assembly 23 with the opet eap 62 of the secondary filter assembly
27 facing the header 22. As the bypass valve g&erted into and mounted, e.g., threaded, to
the core assembly 23, the open end cap 62 of tundary filter assembly 27 may be forced
into sealing engagement with the core assemblp2Bie housing assembly 11, by the
mechanical linkage 63, e.g., the link element. Hifile primary and secondary filter assemblies
reinstalled, the filter apparatus 10 may be retitoeservice.

[0039] While various aspects of the invention have beetrilged and/or illustrated with
respect to several embodiments, the inventiontis$imded to those embodiments. For

instance, one or more features of these embodimesyde eliminated or modified or one or
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mechanically connected, permanently or removably, to the bypass valve 26, for example, at the stationary
valve body 50, e.g., the stationary exterior sleeve 53. The stationary valve body 50, e.g., the stationary
exterior sleeve 53, may have an open end that fluidly communicates with the open end cap 62 of the
secondary filter assembly 27. The stationary valve body 50, e.g., the stationary exterior sleeve 53, may
also include snseoieatings FfPaRIaMPegHBe! fiti BecCOpRINERaMT eidnsR EeRbEGSSY. oather moveable valve

member 51, %fﬂbdb%%&%ﬁi@df‘@%ﬂ%t%&\’%ﬁué’%@ﬁﬁ@dﬁﬁ@ﬁ@oﬂ?%@@ &Rehdandat hgrstationary
valve body 50 by a blind end piece 71. The blind end piece 71 of the moveable valve member 51, e.g.,

the moveable fYeRHPGaL{RaBEC TR YHUHNESSREMBIWE 8V e body 50, e.g., the stationary

exterior sleeygdad) betwsemifs0PREHEAUhIER FIkAGPRIDBR Elilhike $REonAA KR O8O by the
force of the spring 52. [0042]The embodiment of Fig. 3 o_%géates in much the same_waﬁgi the

embodiment Bf B CHAAUCAI ABNERFIRLIG S G0RAR TEORAP I AXLTbecy\Ra0aesE g tiss¥Pand
unfiltered fluideenperstie peienamaftiherfitendwibbing. (noby dewsksitecothedilet Eiairahtven) dhe unfiltered
fluid passes thrqugh the annular space between the casir shown) and the filter arrapngement 12 and
the space be L R S B S B BB i he
interior of thepssdinmngsrymiteeamdeanbipebynassitelvedrfitiabg/itmdiowyaibs Varembaditentidsed

position, the fhudiifefhfraRGERIRAA BIiGI ARSRMRIY-R! ﬁ@@ﬂﬁﬁhﬁ@éﬁ%%ﬁ@ﬁ{w HevA8REBPlY 27,
while the unfiltered fluid passes through the primary filter assembly 24. [OO43€)When the primary filter

assembly 24 MREBSHESSEIFARKRS rdAeY, Bitlf ARG ROSGTRIRRIHEP ARNARINEALIE PAR MR Fifer 51, e.g.,
the moveableviajepiosisttiaveShdrungiogethe bfittk dindrrgeamddt, Imatesaxiallg. apaningitirbypass

valve 26. Unfiltered qui%the flows arqund, or bypasses, the primary filter assembly 24 by first flowing
ihrough ihe SELURELR) PSSR R e, S P example, the unfiered fuid may flow

from the spad::@OBé]ow mmmminﬁﬁi@@ﬁhﬁ@ﬁﬁ@%ﬁlﬁﬂ@&b%nﬁw besgmbly 27, where
the filter mediumREING r'%“n‘ﬁ‘%&'f@rﬂ@@r@'ﬁ%%i@%épé'gsgéﬁmﬁtﬁ%@éﬂgﬂaﬁ §?‘E9@ﬁ’§%%‘?ét§§sembly

27, the filtered fluid flows through the open end cap 62 of the secondary filter assembly 27 and through

the open byps€RivasEiNE QYRS A5ERBRY 2R AL GaETIREGERNGT R dHe LiatBHSRY8d8%or sleeve
55, into the infesemBR 2B theldasisphitaliona arsebiyr F3@ncotieciste thigyorele Fgirahehows) thk theahousing

assembly. [0 g, e R e G oR P A2 i e SR A TR el a S A0 B,
e.g., the bypass valve 26. However, the bypassrddg 25 may include a bypass valve 26
that is directly mechanically connected to the sdewy filter assembly 27, either
permanently or removably. Further, the secondégr issembly 27 may be positioned
upstream of the bypass valve 26 in the bypassblath. For example, the secondary filter
assembly 27 may be positioned at least partlyersgface between the cover and the filter
arrangement 12 with the blind end cap 61 of themsaary filter assembly 27 facing the
cover. The open end cap 62 of the secondary &éiksembly 27 may be directly
mechanically connected, permanently or removablyh¢ bypass valve 26, for example, at
the stationary valve body 50, e.g., the statiomatgrior sleeve 53. The stationary valve
body 50, e.g., the stationary exterior sleeve 58 hmve an open end that fluidly
communicates with the open end cap 62 of the slogtilter assembly 27. The stationary
valve body 50, e.g., the stationary exterior sleg®emay also include side openings 70
axially spaced from the open end of the valve 8@ly The moveable valve member 51, e.g.,
the moveable interior sleeve 55, may be cappedthearpen end of the stationary valve
body 50 by a blind end piece 71. The blind endiél of the moveable valve member 51,

e.g., the moveable interior sleeve 55, may seahagthe stationary valve body 50, e.g., the
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similar to replacing the primary filter assembly 24 in the embodiment of Fig. 1. Servicing the secondary
filter assembly 27 may, or may not, be different. For example, in the embodiment of Fig. 3, the exterior of
the secondary filter assembly 27 is immediately accessible upon removing the cover or the casing with
the cover. Consequently, the secondary filter assembly 27 may be cleaned, or replaced without removing
the bypass aSEERBRY2SIRSIN tHleaer Sabkebiee i AR TS sids PRES NER € LB thestiieaaigved from

the interior 33 0V&NeotgLsaBIZ tRarR RESeMYspRngesied, and cleaned less often because it is generally
not exposed to unfiltered fluid. [0045]In another example of an embodiment within the scope of the

invention, thd $t4l arraHieRBRAYHES Theflde: 2 QLesAtEs Aerth Heaers dite R ENsAE Stow of fluid

inside-out thrbiggh tepsediondyryditeibeldmenivdver, axacnpyamatievbieas6 Bsdesslyandayniilduste a bypass
| d filter. Sition d f lve i fluid fl

bt Howen T St e e TR S R B S B e

downstream entitered dlwgrassoaisowal. thaabpdlarnpieteainectr bt EYRrgEkideior sleeve.
When the bypass »abvRaRens 1 rfifieriesl padePasoRstHY uoiiie haaass vaturiand iisnghrely into the

interior of the seconda:}/ filter assemblg/gthrough the open end cap. From the interior of the secondary filter

assembly, th&HMMASYdHighRpRrrEblY iR éidUiad the BPE M AR e eas SeAP ot Wiedium and/or
the porous migteteuegdidm\vitiiheciofonedilialvedere thedtdigisifiberede Thie fiteredécoddhnnfinasses into
the interior of the reysaple core assembly and exits the filter ratus via the gutlet. [0046]The bypass
valve and the SEE LRy AP R B e R 8 ey
of ways. For #éxangsléheneymasy fite cassarebiidsdy a mechanical linkage. For instance, a rod may extend

from the blingendcapwiitie ResaRARY fliar-AssamBRls bR RRdaRmPiRcR af halmmpssypive through

the interiors of the secondary filter assembly and the bypass valve. For example, one end of the rod may

be permanerti&iReifoRHIGAYRYEME dEHRE hithd holRESRE dNIeNOHFISSYS 8P MSIYSinEnBR ther end of
the rod may Iptirnbreadipidcéhe thneaded aal) obibennog thagdgednscrt duntitdhed migdanat flimvbypass
valve through the open downstrea%me end of tqﬁ é)rygass \%!v ar%ql threaqﬁd to rr]'nt%t(iansqsthre ds in the blind

end piece of ﬂ{g%lypé)srsb%?\?és',e Jsdinlndj {%a%en enascearB eSsegé’)vril%gc\ryrﬁng assem%%1 8"the open
downstream #itel ebsembipasswizdve itAsditresl g For gagieethbetafitercthéuigperav damidtarathend of the

bypass valveaaddi BReh & BeVerR YIRS REFPBIG M HERIASSER SbeBIASFALN S i pmponents to one

another. Alternatively, the bypass valve and the sécondary filter assembly may be directly mechanically

connected to'¥UHE @ HEE FRpdahRbibehelionuitiep GRtlTE Lischtbary arbeseérrBR A Ethe open end of
the bypass vabsormrnbrtepaigenashvath déeadad comrapionarMatbpefiting easienatingenipple.

0O Al rete o it 2 ARG P OR RAS D AR SRR AL PRIED'S: 81D pen end and the
side openings 70 of the stationary exterior slé&anto the interior 32 of the reusable core
assembly 23 and then to the outlet (not shownh@hbusing assembly.

[0044] Replacing the primary filter assembly 24 in the ediment of Fig. 3 may be
similar to replacing the primary filter assemblyif4he embodiment of Fig. 1. Servicing the
secondary filter assembly 27 may, or may not, fferdint. For example, in the embodiment
of Fig. 3, the exterior of the secondary filterexably 27 is immediately accessible upon
removing the cover or the casing with the coveong&quently, the secondary filter assembly
27 may be cleaned, or replaced without removindthmass assembly 25 from the reusable
core assembly 27. The bypass valve 26 may be rednioom the interior 32 of the reusable
core assembly, inspected, and cleaned less oftaube it is generally not exposed to
unfiltered fluid.

[0045] In another example of an embodiment within the saafithe invention, the filter
arrangement may include a secondary filter arrangelirect the bypass flow of fluid inside-

out through the secondary filter element. For gdanthe bypass assembly may include a
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herein are hereby incorporated by reference to the same extent as if each reference were individually and
specifically indicated to be incorporated by reference and were set forth in its entirety herein. [0048]The
use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention
(especially in the context of the following claims) are to be construed to cover both the singular and the
plural, unlesPuERSENE halchdcsEReRERT O filtps A I Aty ncHiew Bstiesme MEneyRassvedwipiReg,”

“having,” "in I TIaRCcH oGP PARAIN bR EIO the 6 BRtEMIGAH OREPoRRERAMEIME kb g "including,
but not Iimitzég%o,"t unless otﬁerwise noted. Recitgtion of ranges of valuif-%eﬂsf herein are mﬂ intended to

serve as a s 1 AN6:RBATLHPRFHRGThHARARING YRt Gl 2R L08R EAY Rt hi%ge,

unless otherwia@dndigates iarsiveendwheh sepoypieyaiyess inedifpocatédidnbasbesspenifitatien as if it
were individuglly_reci herej I 0 [ol4] in e performed | itable order
unless otheruv@ ealsnsd\l}cgﬁgc? ﬂ%%@o&gimgrﬁs%ﬁi e'ﬁ?yﬁgré%e %%éac?yyﬁc% ﬁ%&%g%hr&%ﬁ}é%ﬁﬁﬂyeand all

examples, orapenehIdSARNG RGN Igterioneh e seronitian hesembly R Hatiteraddwdioassesr illuminate
the invention;aaddlegstARIRASE & difBHANIIMR 11§ Saanssl HailHeigB Yessathanyge claimed. No

language in the specification should be construed as indi_cating[an non-claimed element as essential to
the practice SPBMHRyERHHNRIBA SR YBPEBD AHILIHE B thih ULAESHHIA D el BASTES R N Rerein,
and further variationsfntayrbesaiecapp aweihioljhase efaditibn afypskitus the tag oy, reading the foregoing

description. The lqventors expect skilled artisans to employ.such variations s ropriate, and the
inventors O thel [ XA L Fad B RO s R A AIERE AT o8
Accordingly, theshanealbrepivnedias aN eadaietinef wiydifidaaorpiea titbg quivakentovfabied bisjact matter

recited in the QidiMs RAPRNGRR NEIGIhaR REETITEE PR FERIGRPIRdBin MARB QU ofhe CiTtiagHPn of the

above-described elements in all paossible variations thereof is encomgassed by the invention unless

otherwise indilSIPFRIAN & BR UL ERIRIRGEBHIIS Ena v bEpigR;the interiors of the

secondary filter assembly and the bypass valve.ekample, one end of the rod may be
permanently or removably connected to the blind@apl e.g., by threads or welds. The
other end of the rod may be threaded. The threadddf the rod may be inserted into the
interior of the bypass valve through the open ddreasn end of the bypass valve and
threaded to mating threads in the blind end pid¢t¢beobypass valve, joining the open end
cap of the secondary filter assembly to the opewndtream end of the bypass valve. A seal,
e.g., a gasket, between the open downstream ehd biypass valve and the open end cap of
the secondary filter assembly may seal the two amapts to one another. Alternatively, the
bypass valve and the secondary filter assemblybeadirectly mechanically connected to
one another. For example, the end cap of the dacyfilter assembly and the open end of
the bypass valve may be configured with a threadedhection or with a fitting and mating
nipple.

[0047] All references, including publications, patent agaions, and patents, cited
herein are hereby incorporated by reference tadinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0048] The use of the terms “a” and “an” and “the” andiknreferents in the context of
describing the invention (especially in the contaixthe following claims) are to be

construed to cover both the singular and the plurdess otherwise indicated herein or
clearly contradicted by context. The terms “comsipg,” “having,” “including,” and

“containing” are to be construed as open-endedgére., meaning “including, but not
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CLAIMS 1. A filter arrangement comprising: a reusable core assembly which has an axis and first
and second ends and includes a hollow, perforated core having an exterior surface and an interior; a
first filter assembly removably mounted around the reusable core assembly on the exterior surface of the
core, wherein the first filter assembly includes a hollow filter having a filter medium, an internal surface,
and oppositelightgsdnd) amiens edsnitisaonterdd Bealatifranaes Afstaies ASERIMBIG Barr)Yaxially moveable

along the extgfion faiRCEAIdRE GRsRPRRMREMATBAL RFSHMBNIRIRINIRR &N drpPaeRIgdirst filter
assembly are sealed to the ends of the reusable core assembly and the interior surface of the first filter

assembly is (RO MBS R ER YRS LRSS BIAGEIESRY) A £ 2L SRRA5RG G HSURerein the first
filter asse_mblyldsmmue_dwfmthetlseefeiﬂsathdm eorit inssadibyy alydeciteal hmnems adisewthlydpositioned at
least pa”'a"Vdgsﬂ‘r%é?f%%?éiﬁfc@ﬁ t?é’rf%ﬁé#{%%&‘?}{%% '%Pé@&&?ﬁ”}%‘%ﬂ\’%f&éﬂ%H%Qﬁ@%%%&ﬁ%’rmb'y
includes a bypass valve and a second filter assembly mechanically connected to the bypass valve, the

bypass asse®BE R GlajAganbediske hidnecmiexhidisraifameaist @ bexaedies, fisexvisiien; wherein at
least a portiop, g 1Rg PWPFSS ARTEEIY 16 Vi EeeniEErOfAhERE 1Sy 8 ekEr Rt ResitiRn, wherein the

bypass assembly is removed from the reusable core assembly. 2. The filter arrangement of claim 1

wherein the fREFHERIANY SPFR"LRHSE ALPIRIUHANNOEEH L YEATAR RIIESHIHRIMISE the first filter
assembly. 3cHaddteNarrangenent dickpotilicatidmdirredirsirasd setelicheng aof Hundasadie core

assembly comprise end pieces_maunpted to the perforated core, each end piece having a seat, and
wherein the e%:%e c%?)sagf ﬁseeﬂr&%ﬁiﬁ%ggaecr%?y%e}éesg]gl%rglto the seats of the reusable core assembly. 4.

The filter arra{ﬁg@hentﬁe\s@fwm@tﬁ@dﬁiﬁgemaiﬁf thisersiantienthavéilbacasbeshbreonaniskkthedisposable
filter assembl,hanies SHRPKENRTY BRIRYH ERRENRdiskityin the art upon reading the

foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itieento be practiced otherwise than as
specifically described herein. Accordingly, tmseéntion includes all variations,
modifications and equivalents of the subject matteited in the claims appended hereto as
permitted by applicable law. Moreover, any comboraof the above-described elements in
all possible variations thereof is encompassedéyrivention unless otherwise indicated

herein or otherwise clearly contradicted by context

18



5. The filter arrangement of any preceding claim wherein the bypass assembly is mounted to the reusable
core assembly. 6. The filter arrangement of any preceding claim wherein the bypass assembly further
includes a mechanical linkage mechanically connecting the bypass valve and the second filter assembly.
7. The filter arrangement of any of claims 1-5 wherein the bypass valve and the second filter assembly
are directly mechanically connected to one anothetA8M$he filter arrangement of any preceding claim
wherein the bypass valve comprises a stationary external sleeve, a moveable internal sleeve positioned
within the stationary external sleeve, and a spring biasing the moveable internal sleeve toward a closed

position. 9. The filtdt MRS RIEIRRENLAYPPEEEMIng claim wherein the bypass valve is removably
mounted to the reusalgasahie esseassbmbl) whitihdraappataissataifighsswgid endsfiiat moiadgement which

includes are gﬁgvlf §8FFO %§88_@9J¥,h %'\sé QI erx?@r?&’@ﬂ'ﬁ’a@]gﬁrqgﬂgﬁs assembly, wherein the reusable

core assembly includes an axis, a hollow, perforated core, and first and second seats, the core having an
exterior surface, anarietidiesngspolyite Bavabint ehetesasopaahE periip AetE Assrmbidebi®e core,

wherein the fugidilirsapermbhtie %@mvem%etﬁ@@rﬁwﬁﬁg{ iReIgaBleLAMGFRRENHYARYRE exterior
surface of the core and includes a hollow filter having a_ filter medium, an interior surface, and opposite

ends and firsiSdEHRY @pdniepal rﬁ‘dfﬁﬁﬁ@d%dtﬁ@@%@%@M@ﬁl@??tﬁ%ﬁ%ﬁ&@ﬁé’é’s@%‘lﬁj Being axially
moveable alanhg finet ékéerasssnibachen dhexictiienherassora finet pashmrsumhescnh te caind lsagsohthe first

fiter assembly ¢ sealest 0 f1sssafs g e susaple gaue Assemb-and e ferier sifagp ot the firs
filter assembly is closely adjacenmo Re exterior surtace of the cor , and a second position, whérein the
first filter asséghbRble roMeorese by and tbadatsios srafadeehibtyfilienasshareinitheasghnediassaimbly is

removably meppfed iR Hep s6HaRRI6rtRECBRSCINRIY sbieRaigPAbYM the HieRerhiaefBRignd includes

a bypass valve and a second filter assembly mechanicall?/ connected to the bypass valve, the bypass

assembly befffg XM AToReFYSABIGCHIE RREFHPYS ¥ core between a first position, wherein at least a
portion of the bypass agsembbsisniblihsositRmnedclt thasigiartaligkarnedondfposivor, sfhiesein the bypass
assembly is remoxd I SRS ANRIS RRIPRY &imhies a bypass valve and a second

filter assembly mechanically connected to the bypadve, the bypass assembly being

axially movable along the interior of the core bed¢m a first position, wherein at least a

portion of the bypass assembly is in the interfadhe core, and a second position, wherein

the bypass assembly is removed from the reusabdeassembly.

2. The filter arrangement of claim 1 wherein thefimedium of the second filter

assembly is coarser than the filter medium of itse filter assembly.

3. The filter arrangement of claim 1 or 2 wheregiatfand second ends of the reusable
core assembly comprise end pieces mounted to thergied core, each end piece having a
seat, and wherein the end caps of the first fdgsembly are sealed to the seats of the

reusable core assembly.

4. The filter arrangement of any preceding clainewm the first filter assembly

comprises a disposable filter assembly having sumltisily no metal components.

5. The filter arrangement of any preceding clainerein the bypass assembly is

mounted to the reusable core assembly.
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a housing assembly having an interior, an inlet, and an outlet, the inlet and the outlet defining a fluid flow
path through the interior of the housing assembly, wherein the filter arrangement is disposed in the
interior of the housing assembly in the fluid flow path and the reusable core assembly is mounted to the
housing assembly. 11. The filter apparatus of claim 10 wherein the filter medium of the second filter
assembly is évarserTitafiligicafianosraanial sy ereeadine claieeweinjhely/pRe Asgeaply e of claim 10

or 11 whereinyhgdeausing desfEaPiniagle descADIFSLI bRYgans 8 ypiai-Anthid 8 MR sdcbntiditer

apparatus of any of claims 10-12 wherein the housing assembly further comprises a casing removably
mounted to tASYRERM%r and surrounding the filter arrangement. 14. The filter apparatus of any of claims
10-13 wherein the bypass assembly further comprises a mechanical linkage mechanically connecting the

bypass valve_and t %{fil rassembly. 15 The filtera f f claj 0-13 wherein the
oypass valve!and T Ed1Ah G ACp ATty 3y E o PRBHAL B Bl ou A S e el
filter assembly are directly mechanically connedtedne another.

8. The filter arrangement of any preceding clainew@m the bypass valve comprises a
stationary external sleeve, a moveable internalvsl@ositioned within the stationary

external sleeve, and a spring biasing the moveatdenal sleeve toward a closed position.

9. The filter arrangement of any preceding clainewm the bypass valve is removably

mounted to the reusable core assembly.

10. A filter apparatus comprising:

a filter arrangement which includes a reusable esssembly, a first filter assembly,
and a bypass assembly, wherein the reusable cegenhfy includes an axis, a hollow,
perforated core, and first and second seats, tteehaving an exterior surface, an interior,
and opposite ends and the seats being positiorted ands of the core, wherein the first
filter assembly is removably mounted around theable core assembly on the exterior
surface of the core and includes a hollow filtevihg a filter medium, an interior surface,
and opposite ends and first and second end capstewbto the ends of the filter, the first
filter assembly being axially moveable along theedarr surface of the core between a first
position, wherein the end caps of the first fillssembly are sealed to the seats of the
reusable core assembly and the interior surfadleedfirst filter assembly is closely adjacent
to the exterior surface of the core, and a secasdipn, wherein the first filter assembly is
removed from the reusable core assembly, and whtreibypass assembly is removably
mounted to the reusable core assembly at leasalpam the interior of the core and
includes a bypass valve and a second filter asseméthanically connected to the bypass
valve, the bypass assembly being axially moveadblegahe interior of the core between a
first position, wherein at least a portion of thgass assembly is in the interior of the core,
and a second position, wherein the bypass assasidynoved from the reusable core

assembly, and
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a housing assembly having an interior, an inied, @n outlet, the inlet and the outlet
defining a fluid flow path through the interior thfe housing assembly, wherein the filter
arrangement is disposed in the interior of the mguassembly in the fluid flow path and the

reusable core assembly is mounted to the houssendsy.

11. The filter apparatus of claim 10 wherein thiefimedium of the second filter

assembly is coarser than the filter medium of itse filter assembly.

12. The filter apparatus of claim 10 or 11 whetéi® housing assembly includes a header
having the inlet and the outlet.

13. The filter apparatus of any of claims 10-12 elrethe housing assembly further

comprises a casing removably mounted to the headksurrounding the filter arrangement.
14. The filter apparatus of any of claims 10-13 kelrethe bypass assembly further
comprises a mechanical linkage mechanically commgtte bypass valve and the second

filter assembly.

15.  The filter apparatus of any of claims 10-13 relrethe bypass valve and the second

filter assembly are directly mechanically connedtedne another.
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