FLUID TREATMENT ELEMENTS AND ASSEMBLIES Field of the Invention [0001]The present invention
relates to a wide variety of fluid treatment elements and assemblies that may be used to treat any of
numerous different fluids including, for example, a gas, a liquid, or a mixture of gases, liquids, and/or

solids. For example, the fluig-trgaiment SRR trefedeNB e sdpRi g Ay de used to separate one or

more substances, e.g., particulates and/or gels, from a fluid, including, for example, a gas, an agueous
liquid, or an oil-based liquid such as fuel. As another example, the fluid treatment elements may include
coalescers that ma}/@e used.to separate tiny droplets of one liquid that are carried in another fluid, e.g., a
gas or a liqui '.ebgf?ui ?Jé‘gﬁ’?{b% element may be contained in a housing to form a fluid treatment
assembly. The housing may include a fluid inlet and a fluid outlet and may define a fluid flow path within

the housing. F98%uid tFEaRIRSARteMENERN ARSI LIfENaTE Bhé Wdil srmepsRiemeNtRaAdusing. [0002]A
fluid treatmenigiepIrRatRMPAIVENG S eaniigbmumiRelisdp Al Pwdivid igal e tragk daving first
and second axial erl(]js..For sometem odiments,.the fI&'d trﬁa{m%nt ack maﬁ(lé)@rleated; for other
embodiment$ ¥ # ﬂi"tqegtﬁ‘nw Brfc K S’p?@ AP SweEde X@rﬁ?%er | P%Hﬁﬁtg?ﬁqback may
include a pordeséutihteyatcieds filtedsunal fioaydeusmlieo sefiietense mmMmae aubsalesser.gnedium, which has
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second axial ends of the eatment pack. One o ne en s may have a central opening
which allows 9ilriersect|swi 8 it o feanaibaoPEple. Mam By ditirgtireats\enepacteyJnd vHe end caps
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ownstream si . FOor many empol mentS_, ul ow ma e directed outsige-in throu e Noliow TIul
SOt 1 S s gt e e e = A

medium, whikeftbiel teaimstitemsersitie MibgyHoaeding mayeinsiokde aff thiel mietamcha Foidathiéet endooaiments, fluid

reatment meat B B TR olter ide
of the mediurhefbiod|Ay B ndedaNbBIh the fluid treatment pack, the fluid is treated by the fluid
treatment megysB,. Forexan Rige G i LR AMRRL MR MARS PR St REHHTBWHIRS

treatment pack having first and second axial ends. For some embodiments, the fluid

treatment pack may be pleated; for other embodiments, the fluid treatment pack may not be

pleated. However, either fluid treatment pack may include a porous fluid treatment medium,

for example, afilter medium or a coalescer medium, which has an upstream side and a

downstream side. First and second end caps may be mounted to the first and second axial

ends of the fluid treatment pack. One or both of the end caps may have a central opening

which allows fluid to flow out of or into the interior of the hollow fluid treatment pack, and

the end caps serve to direct fluid flow through the porous fluid treatment medium from the

upstream side to the downstream side. For many embodiments, fluid flow may be directed

outside-in through the hollow fluid treatment pack, and the upstream side of the fluid

treatment medium may be the outer side of the medium, while the downstream side may be

the inner side of the medium. For other embodiments, fluid flow may be directed inside-out

through the hollow fluid treatment pack, and the upstream side of the fluid treatment medium

may be the inner side of the medium, while the downstream side may be the outer side of the

medium.

[0003] Asfluid flows through the fluid treatment pack, the fluid is treated by the fluid
treatment medium. For example, the fluid treatment medium may be afilter medium which

traps one or more substances on the upstream side of the medium and/or within the medium



traps one or more substances on the upstream side of the medium and/or within the medium as the fluid
flows through the fluid treatment pack. As another example, the fluid treatment medium may be a
coalescer medium which agglomerates tiny droplets of one liquid that are carried in another fluid, e.g., a

gas or a i 2 HiE W 90K LSRR R R STRAAARA iR gt may be

easily separated from the carrier fluid. Summary of Invention [OOOQII'n accordance with one aspect of the

invention, a fIRYEEIAL e BAASFEE AP PEMMI REcOUPIBIBiEsIEY sherlRayPicanahaYE RA6w fluid

treatment paelgfigtpahseead ang, caps cradi quri B thefasiad rleatiicabs e aici @ffengennent. The fluid
treatment pack ma rhave first and se Ear&d axial ends and may incIL{HIg a Hor?lld§dfluid treatment medium

having an upg?Feka §i4¢ gaarﬁ 2 d {/(\?tr?s R ase T egﬁ?glfaénc{ 'SEOR aerngrcaps' may be mounted to the

first and second ends, respectively, of the fluid treatment pack to direct fluid through the porous fluid
treatment megiHm oM thecHpsiream side to the downstream side. At least one of the first and second
end caps has an outer surface which faces away from the fluid treatment pack and an inner surface which

faces toward uid treatment pack, The spring-biased electricg| contact arrangement may be mounted
to at a least Jﬁé%é d cg?)agfﬁ%f ﬁ??ﬁéf‘ua%es%ﬁﬁ?g fﬁd“&%b%&%‘%‘ %Hﬁﬁ&%&' giﬂ?nfﬁ@rggnductive pin
has a contacmwfwémmaﬂoaﬂy mmpﬂeelaomtdwélslidtreamﬁmwmld fﬁlrstaanmwand said er_ld
cap. Further, the: copdugtive piads mayrellehevasaadiiste PRSHIIN Al AREsaRTRoSitan. In the first

position, the contact surface Is farther from the outer surface of said end cap, and in the second position

the contact sfiFfa88d SesRIsENd Brsideid mayriag HdsraRREPendUEA FeatMers srpthud BAARHY to bias the
conductive piptgreanditRefissd aasHioedn RiceTtherrariasbsidiaead cipSiesineahe@itach wieh a

conductive portion qf the gou ing. The spring-biased electrical contact arr ent further include a
casing which IBRSSTHE"S g okl s L i im0 o Thagbioysh Fooosiim
accordance pithoasibtibiregpeot wiethanriven ticeyzstiedch sidatnthetdelenseesmagec gkh fmasteoaehollow fluid

treatment pa%hﬁg%é[%?u d%gaﬁg %%%%%ﬁe?%ﬂﬁ%@iﬁﬁﬁ e'%e%%lg% r@@ggéﬁ&ﬁgngement. The fluid

treatment pack may In an Inner periphery, an outer perip axial ends, and a
plurality of aﬁmh@%%@imﬁ A pasaivarthierduish HeaHBenk feah d 14 BHADleat legs
extending fropiathe deldeeaeashielwesbdhrrinney BEehaURRHRS EPAREG Hrkritiesy iR mgated fluid
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and is electrically coupled to at least one of the fluid treatment pack and said end cap.

Further, the conductive pin is moveable between afirst a position and a second position. In

the first position, the contact surface is farther from the outer surface of said end cap, and in

the second position the contact surface is closer to the outer surface of said end cap. The

spring is arranged to bias the conductive pin toward the first position to force the contact

surface into electrical contact with a conductive portion of the housing. The spring-biased

electrical contact arrangement may further include a casing which houses the spring and at

least a portion of the moveable conductive pin.

[0005] In accordance with another aspect of the invention, a fluid treatment element may
comprise ahollow fluid treatment pack, first and second end caps, and a spring-biased
electrical contact arrangement. The fluid treatment pack may include an inner periphery, an
outer periphery, first and second axial ends, and a plurality of axially extending pleats. Each
pleat may have afolded end and first and second pleat |egs extending from the folded end
between the inner and outer peripheries. Further, the pleated fluid treatment pack may
comprise a pleated multilayer composite which includes alayer of porous fluid treatment

medium and a conductive porous metal layer. The porous fluid treatment medium may have



an upstream side and a downstream side, and the conductive porous metal layer may be positioned on
the upstream side or the downstream side of the porous fluid treatment medium. The first and second end
caps are mounted to the first and second ends, respectively, of the fluid treatment pack to direct fluid

through the ngros L SeAReSNRINIY R 418 HeRRAR S INRAE RS BRTYSide. At least one

of the first and second end caps has an outer surface which faces away from the fluid treatment pack.

The spring-bRAHHPBREARE WoTtieR? SY8 ApRIRERH AsasARESIfR Ot PRIUS H e Fé%é'f“SWe end cap and may

include an el@gigicad. cmn@ﬂﬁéDan@s@aﬁmgerm;@ moneRbledalegisinad: cpniaebnlikadlectrical conductor may
extend Wlthln Ieat qu

F ent pa alg ‘?ﬁ Iedel%t one f the firs reméj q pleat legs and
may be electfc ﬁ?/ C LYpPe He po ugnnpa{: ayg& & eeﬁ)gc?%a con?gﬁ??ﬂay be electrically
coupled to thmmamfcmmbadp@reanmmmnfméommmg&eﬂtltmisbamatthaaysemmcmqqnd the outer
surface of Sa&&e%&%%%m&%&%&%ﬂ*&:&%?% AAYlATEEPHLEk. S%‘H@%ﬁ‘r(ﬁésa‘d end cap.

The spring biases the electrical contact away from the outer surface of said end cap 6]Fluid

treatment eleﬂmw'%ﬁm%iﬁr@?ﬁ%ﬁ%ﬁwﬂ@ [ROWMES FPIFEAhRaSt OR8 PR G A example, in
addition to treﬁéloaetaeélwm,cmahémtﬁ@e%t@pﬁngraﬁ@iwmbM@t@@étﬁ@wmﬂ@jﬂtSmte@@cﬂmé treatment pack

| from fluid i hrough the fluid Th d electrical
rrangement OVHEC B S T A DL A A Wt A A PeL I B Liclmdor e end

caps to the heusbstegonipicht rhegyamd gayUreeettGeHgequertdyo thﬂquremmeuat lgmehite and assemblies
embocying URoBIUBR AR sHeslnaly AL SIREIIALERALOR A0cLALeHeY Aiali sghauge of

electricity, for example, in the form of a spark or arc that might harm or degrade the fluid, the fluid

treatment eletl'%'h‘?v&ﬁ'élﬁ)‘?' ?ﬁ@'%&@mm@m@%{ﬂﬁ’éﬁ? a4tsE Spige éﬁ‘@@@@ﬁﬁ%ﬁﬂd\“@ﬁe Drawings

[0007]FIG. 1 i meveasseipnahyighapfaWie Siratapnbe trasabrPB]Fie sgilsgdickesmeectional view
of a portion of the {éﬁld treatmentﬁtlem nt of FIG 1 as viewed along line 2-2. [0009]FIG. 3is a

Cross- sectlon%ﬁ} SPAE RS eé’éjégrﬁlg )"7‘%8 lﬁiﬂge'fﬂ@q?wd

[0006] Fluid treatment elements and assemblies embodying the invention have many
advantages. For example, in addition to treating the fluid, the fluid treatment medium and
other components of the fluid treatment pack may strip electrons from fluid flowing through
the fluid treatment pack. The spring-biased electrical contact arrangement provides an
effective, reliable electrical pathway from the fluid treatment pack and/or the end caps to the
housing, which may be grounded. Consequently, fluid treatment elements and assemblies
embodying the invention safely dissipate any electrical charge and prevent a static discharge
of electricity, for example, in the form of a spark or arc that might harm or degrade the fluid,

the fluid treatment element, and/or the housing of the fluid treatment assembly.

Brief Description of the Drawings

[0007] FIG. lisacross sectional view of afluid treatment element.

[0008] FIG. 2 isacross sectional view of a portion of the fluid treatment element of FIG.

1 asviewed along line 2-2.

[0009] FIG. 3isacross-sectional view of afluid treatment assembly including the fluid
treatment element of FIG. 1

[0010] FIG. 4 isacross sectional view of another fluid treatment element.

[0011] FIG. 5isacross sectional view of a portion of the fluid treatment element of FIG.

4 asviewed along line 5-5.



treatment element of FIG. 1 [0010]FIG. 4 is a cross sectional view of another fluid treatment element.
[0011]FIG. 5 is a cross sectional view of a portion of the fluid treatment element of FIG. 4 as viewed along
line 5-5. Description of Embodiments of the Invention [0012]Fluid treatment elements embodying the
invention may be configured in a wide variety of ways. One of many different examples of a fluid
treatment element 10 is shown in FIGS. 1-3. The fluid treatment element 10 may comprise a hollow fluid
treatment pa&lECT iAo AT B MERS SbksHavaiiends 12, 13 and a porous fluid treatment medium 14
which has an upstream side 15 and a downstream side 16. The fluid treatment element 10 may further
comprise firsf@i@]secdhd dieatraps deneataerdbatieestensveption i sed @it gtredl tantaet arrangement

22. The first 3 S6RAY ANREBE A A fBRkE paiadin e ishandspeRn i @lsnls 12 13,

respectively, of the fluid treatment pac uid through the fluid treatment medium 14 from the

upstream sidE! €5t-thel BB ilvsHeaimaibie ereent AR Y AgMAsRA Akt idHIdbeRiae b R gEment 22 may
be mounted tgraéianstieacef hofiskandrraontend sapmadHd asdieayrraludela whiiAg 23 and a

reatment paderh ATAIB7 A EAd SANEP B IREN HE Lk Bt et L B amgement 22 i
mounted. Théusibencp@Pridedes dhd sexmnelainkkcalsctficzll auhdticavonyg spoimpthiesed ! ectp L.

contact arrangement 22. The first and second end caps 20, 21 may be mounted to the first

and second axial ends 12, 13, respectively, of the fluid treatment pack 11 to direct fluid

through the fluid treatment medium 14 from the upstream side 15 to the downstream side 16.

The spring-biased electrical contact arrangement 22 may be mounted to at |east one of the

first and second end caps 20, 21 and may include a spring 23 and a moveable electrical

contact 24. The moveable electrical contact 24 is electrically coupled to the fluid treatment

pack 11 and/or the end cap 21 to which the spring-biased electrical contact arrangement 22 is

mounted. The spring 23 biases the moveable electrical contact away from the end cap 21.

[0013] The fluid treatment element 10 may be mounted in ahousing 25 to form afluid
treatment assembly 26. The housing 25 may have afluid inlet 30 and a fluid outlet 31 and
may define afluid flow path within the housing 25 between the fluid inlet 30 and the fluid
outlet 31. Thefluid treatment element 10 may be positioned in the housing 25 in the fluid
flow path with the moveable eectrical contact 24 of the spring-biased electrical contact
arrangement 22 electrically contacting a conductive portion of the housing 25. Fluid may
enter the fluid inlet 30, pass through the fluid treatment pack 11, and exit the housing 25 via
the fluid outlet 31. Asthe fluid passes through the fluid treatment pack 11, it is directed by
the end caps 20, 21 through porous fluid treatment medium 24 where the fluid may be treated
in any of numerous ways in accordance with the fluid treatment characteristics of the fluid
treatment medium 14. In addition, the fluid treatment medium 14 and/or other components of
the fluid treatment pack 11 may strip electrons from the fluid flowing through the fluid
treatment pack 11. The resulting electrical charge is safely and effectively dissipated from
the fluid treatment pack 11 and/or from the end cap 21 via the spring-biased electrical contact
arrangement 22 to the housing 25, where, for example, the electrical charge may be sent to

ground.



[0013]The fluid treatment element 10 may be mounted in a housing 25 to form a fluid treatment assembly
26. The housing 25 may have a fluid inlet 30 and a fluid outlet 31 and may define a fluid flow path within
the housing 25 between the fluid inlet 30 and the fluid outlet 31. The fluid treatment element 10 may be

positoned in (49 JoUSiARCS Hihe-ILid HoW BaMHR A BANGANIE.IRS HERFatHaehad of the

spring-biased electrical contact arrangement 22 electrically contacting a conductive portion of the housing

25. Fluid maﬁ@m‘?ﬂtm@/fﬁﬁm@ﬂ%','}ﬁysofm%@rﬁ“{ﬁ@’%dE%&ﬁ%ﬁ@p‘@@l@‘i‘@%ﬂbl' KiedeeRousing 25 via
the fluid outlgizgik nfs§ Hee AiidPrssestheauattes fisekies atAmebi-Ratkels] il dsrdipachiy the end caps
20, 21 througrn\al@q{ous fluid tfl;ﬁat err]ﬂ} mf_?diu 1 24 where the.fluid mj%/hbe %[fat din atn of numerous ways
in accordance ith the HOia freatent & a‘%%”ci%%‘fsaﬁc?é‘ 8?‘%?‘15‘8 HN FEdSene et 4’ in addition, the
fluid treatmemermieiyiB314 bertiiiod ttatmerd pack memytsavisthiefflonty thiestividriteabtntl hediaynstriit electrons

from the fluid AQWIRGIRKAUGH LI Uk br HFeTEFHUBEAGRIYRRL FBAIRdR AATely and

effectively dissipated from the fluid treatment pack ™11 and/or from the end cap 21 via the spring-biased
electrical cont4@ 8/PARGeMEREIY {oNH CHBRRIRG D QN B PiBras Hile fEeatiecel #aek el BBMrge may be
sent to grounigcl (A8 dpdrbestayarenentheafijhiediid dsastanar: asseidniradedimer tihe fiuig treatment

element may be fashioned inﬁw of numerous Vé%ﬁﬁﬁga?r ?éﬁaewgle the pollow fl E treatment pack may be

variously conﬁﬁﬁ?&%ﬂm ) Qi&'&'@?x S G ﬁ'@ﬁ{npg%ﬁ 1t )E}'Pl%(%sa generally

cylindrical. cothuBétMaqd@asimd@trpg&tﬂyerycﬁﬂ@mﬂ Lach toulre‘wgerﬁipﬁr&uﬁ3&ﬁﬁhmﬁla’;@¢ﬂébtmgnt pack
may consist ofin e IS ARASTARDFRBHIIILI Sdt AR UPRISCAMHHRYRS coMHAgsiig Paving one or

more layers of a fluid treatment medium %4 and one or more additional components. For example, the

fluid treatmerftPRRSK e Tkl iRt meR eshrBLtHaler Bany eedipsHsaiPe R U R RRvnstream side
16 of the fluidyisaatagnEsnaeive beuaih R rdeensQaksrs toardhenlvisldieaimantiayerdl4. The porous

}ment layer 14. Alternatively or

layer 34 inage layer to drain fluid to. or from the fluid t
sditonaly (REROFSLLTSYAP 54 e, SERR . R CORHEH EEPTS UCeiERA RO REHOIA reatment

medium 14. FRaetahkyer enchedimmeeits N pryeu Etalyed msysiod tbkesictrardilby owayd odiide poroomduct any

accumulated,elegtrical : [ | anductive
|§¥%@ g, %Bﬁég& Y SR aE BHIFHERARTAA AU REFEHBPE 1B8 Ga

porous layer may beQOrme als a porous metal Ia)c/)er sugﬁ as a metal mgsh ayer. Embodiments of the

invention may §ANSAETRSIENS RRSFEUR!BYecEiaY GeRtAs! Hos osneare &, doM/ pateath 8 datiea fHiithd
downstream giggsdi Medflwitoir aRENEHbRAISIEIEI ) BRFRUSRYRIHNGY0eNiAG) Brepbastieam or

downstream side of the fluid treatmenttlF]ngl &j"ljfﬁ]éor an additjonal layer, including a cushioning layer, may

be positionedBAFBERCPABSIGVE Ak SR t medium. [0015]Further, the hollow fluid
il et D e e e periph
axlally extendny eats . =aC eat may |nc e olded en , Ich.ma e on the Inner peripher
2 o (e oot PR BRI A ALY St RSeeAi6 10 TR B BT VY ol ol 36
between the indedagtb@etéerm@&ahéitﬂrsw, mnﬁheihaéghemmﬁmmenagemgw@& equal to or
greater han e (g IR RENESAINA L AL RSUER ALl fyhipetment pack

11. Each pleat may consist o fluid treatment medium or may comprise a multilayer composite

including the MY QuIrREASRETRS 87 AP 14 hefieieheoh eapd RiegldhRidPRISHA ARl 8 SediBlusly described.
IFor mandy/emhaﬁima&ma;:@wﬂgfﬁawweﬁ@flmmﬂ%mﬁd?l&t&ger@r%ﬁri&l@,@%ﬂ%/ﬁm &n@ml?flaﬁn ?utermost
ayer and/or an innermo t er or eac eat INciuaing eac eat le , . Many filter elements
eonB0yng 1B R LA RS W R oA oI fotrmant pack may
comprise a singltl e @angydsieriod Lifiuig theHthtdrdatrediumediomidt ple drel mvwnoydiadtitahdayers radially

o ORI AL, IS ROCE B SR Al B la R B L g g ment

medium, while a e cyli ayers may comprise an electrica
e.g., aporous metal layer, may be an outermost layer and/or an innermost layer of each pleat

35, including each pleat leg 40, 41. Many filter elements embodying the invention may have
apleated fluid treatment pack. A non-pleated fluid treatment pack may comprise asingle
hollow cylindrical fluid treatment medium or multiple hollow cylindrical layers radially
nested within one another. One or more of the cylindrical layers may comprise the fluid

treatment medium, while another of the cylindrical layers may comprise an electrically



conductive layer such as a porous or perforated metal layer, e.g., a metal mesh layer. Many coalescer
elements embodying the invention may have a non-pleated fluid treatment pack. [0016]The fluid
treatment medium 14 may be fashioned as any of a variety of structures, including, for example, as a

supported or pRSHARATIGY SIATREARS Rk 3F ABFALS AERICIHE, SuehARANAUNAYIngrigy! fibrous mass

or a woven or nonwoven fibrous sheet. The fluid treatment medium 14 may be formed from any of

numerous comwmmﬁ}ﬁ%%@ﬁﬁ@ﬂﬁwm%%%ﬁﬁ'Wgﬁﬁ?ﬁ‘l%&’ﬁ%etip polymers, a
glass or othefREMICTAL A MEkLAHRA: MaY BAVS ARY AL PRGNS THIAH §IUMaD F R REjRIStICS. For

many embodiments, the fluid treatment medium may comprise a filter medium, including, for example, a

nonconductiVESHEBE.SPHAEERISeRS 3 BHIROHEH By MBI BIFE AR IFSRALR HS BBIFEI®embodiments,

the fluid treatsnemnssaediviv HANGRARTISOUR FRABERITIaTH Morivelusindrdos gxammies dunellow cylindrical
nonconductive mass ofg@ss f%)ers. F?grther }he fluid treatment meo(lé'um mﬁf/ have aﬁ%raded pore
6

structure andsrgf’?‘I g}ﬁ?toq] mel eﬂ%’eb ?é%egvé‘?@a?%%f. r%?eé%%m H?ngf id e HY(?’nedium may
have a removeadtesitisyinchikngutnéxaonprangéréher miotiosti capotyenes,coglese or [G0d7jarhmienat @aps may

also be fashigneq i AR:0t BRI IAYS, EALIABIRIGRALRAIING &N E6ARg R0 21 may be open end

caps having a central opening 42" which fluidly communicates with the hollow intérior of the fluid treatment
medium 14. EBERBRETERHS ,%Wﬁ%ﬂ}‘ﬁ%@ea'/@i‘b@% compieA B SrediHnannsLyigiofor sealing the fluid
treﬁtmeny: e|eéi@@’ﬂbléa@alﬁd‘ﬁt?ﬂiﬂ@léﬁv' WAt Emz%@ﬂﬁbﬂgsﬁapkﬁrt@ﬂﬁwilﬁbg?aﬁﬁocﬁﬁ&i @sﬂbsﬁwehﬁnd ca? ﬁo i
without the spring-biased electrical contact arrangement 22, may fluidly communicate with one of the flui
et 30 and (18 I STEERELS e RGP TR P\ OB o FBSHBRRI 2 i the other end
cap 21 may hectiidsexlfoffesgntipte rolusing 24 rsliesh atvedudarioemtdse draliesafibers. g-uttherethet cap that
fluidly communi I fluid ] er end cap may
G L i S C Ry

be a blind end cap which blocks off reatment pack. [0018]One or

both of the ergMaYsranNgs1 Feaexasel e dle HALIREMantEEE UD RIS SLSBOVAY i thE@luid treatment

pack 11 and gibiRRInSHAGC end Brivfiahdaeesrtevupdd. the fluid treatment pack 11. For example, the end
cap 20, 21 may comprise a radially extending disk portion 50 and an axially extending skirt 51 which

depends frontd¥edisk Pest 60 BOIBIRARSRRE HSPtsied BRI ahpoIesausTYRY D UTEr aTRke Beibf each end
cap 20, 21 mayteeAdirRapid, the myally daei REHS RMTTRGEAR I aRrgiak warden k8 y@and the radially
facing outer communicates with the hollow interior of the fluid treatment medium 14. Each end cap 20,
21 may have a groove 43 that may contain an O-ring 44 for sealing the fluid treatment
element 10 to the housing 25. The opening 42 in one of the end caps, e.g., the end cap 20
without the spring-biased electrical contact arrangement 22, may fluidly communicate with
one of thefluid inlet 30 and the fluid outlet 31, e.g., the fluid outlet 31, of the housing 25.
The opening 42 in the other end cap 21 may be closed off by the housing 25. Alternatively,
one of the end caps, e.g., the end cap that fluidly communicates with the fluid inlet or outlet,
may be an open end cap, while the other end cap may be a blind end cap which blocks off

fluid flow through that end of the fluid treatment pack.

[0018] One or both of the end caps 20, 21 may aso have an outer surface 45 which faces
away from the fluid treatment pack 11 and an inner surface 46 which faces toward the fluid
treatment pack 11. For example, the end cap 20, 21 may comprise aradially extending disk
portion 50 and an axially extending skirt 51 which depends from the disk portion 50 toward
the opposite end cap 20, 21. The outer surface 45 of each end cap 20, 21 may then include
the axially facing outer surface 45A of the disk portion 50 and the radially facing outer



surface 45B of the skirt 51, while the inner surface 46 may include the axially facing inner surface 46A of
the disk portion 50 and the radially facing inner surface 46B of the skirt 51. [0019]One or both of the end
caps may be made from a conductive or nonconductive material, including a conductive or nonconductive

polymeric majgsigl ofp Bﬁﬁllslﬁ RIS EMEAHEP SIS G ARG NAY P&iﬂ@ﬂﬁeﬁr oma

conductive polymeric material or a metal. Further, the first and second end caps 20, 21 may be joined to

the first and SHEGRRIAACY ine Ak peiiaany befise Aty dardstinesisHEere PR ORI fEt) % ways. For
example, eagaefl caya0olloaY e SrNdpd ﬁ%?ﬁb%%&?roﬂr?‘a%ﬂ?ﬁc%\%@o‘( ReteRRLaRRK 11, including

the fluid treatment medium 14 and/or the porous layer 34, by a potting compound 52 such as an epoxy or

a polyuretharfeligbr HANERY AGBAHFRIGORRANERSIVEI Ve PehAYEHE M IBLARAthECEAFD?, 13 of the
fluid treatmerbiReikmERs IHRRIEED 20 MEMS; e RkbRin 806neaas/8RoRBlirnkeirinadto the end(s)

12, 13 of the flujd treatment pack 11 in a manner which_electrically connects.the fluid tregtment pack 11 to
ihe enct cap 8. SRR BB A AL A 106 S o8 b Ao ond and
elect.rically cande ¢ al8oreduectivel patithe ﬂﬂmamm_émrpawm of gvays.condectivg dluid treatment
medium 14 op pGIALS,H61! MESBIBRlC o BRSSPt pack-1 £ MtRIgNd cap. As

another example, a conductive or nonconductive potting comgound 52 may bond a conductive portion of

the fluid treatifRivigdegetment edaRoHuRE e R R PERIR1e; K400 SPRRRSASLEL Stk nesh layer
34, in electrica] gas¥R6E Wil uRARAECIMERBIVGAD 2P0l el Cond E£1l 2DhaRBe it olitep@mbodiments,

both end Al joined to th 12,13 of the fluid treatment packl11 i
hich does i AR A2 RE I TR ke e A QX0 SBE Bt exarmple, &
nonconc_iuctivﬁ)pmynwrﬁle mﬂubdaptmaﬂm bbqbﬁmeﬂwq tramenbibdbkid tieamamtepadichl having a
conductive poriian. g co%é%&%&?hﬂ?d%&ﬁﬁ&rﬁ%?&ms%é%& & RPPLSH fsfyjayer 34.

[0020]The fluid treatment element 10 may include additional components. For example, a perforated core
53 may exterfEaloFRY YHOTHHSHYR BIHS ROMPRAHAH PR meatRABHEPE ckedtl ¢8 ¥ 9P BrEtAEEERIVE against
forces assoc:igéﬁdaﬁvm;tﬁbﬂ gjluiﬂww@]ﬂl%@aﬁﬁﬂﬁvi?l %@ti@éﬁﬁ@i@ﬁ@wwtﬁ the perforated
core 53 may be joined to t nd caps 20, 21 along wijth the fluid treatment pack 11. In other
ermbodiment RS BMETL e LSy B A B1 (DD, 2t e U X B SRR may be
fitted around ¢henbef@redsdlicove avinenctingttiik petitngentrgieumne A2 imay bondecctndheifieusing. In still other
embodmen%&%pggﬂalﬁmqr g' Elﬂn t, '&%Haﬁclﬂ%ﬁ'm -ﬂ@%{&ﬁlﬂ%ﬁigﬁﬁﬁfw%{@d core. The fluid

treatment element may also Include a etaine‘gﬁﬁgbt shown), mcluglng, for example, a cage or a wrap,

which extendROERemEd plesEY9it iFeRlesiE R FaBiaehVY Bl RaduetiMe eRdstar 8JaRkd 81%tofprotect the fluid
treatment pagheth BRSIN ABLotHe RPBEGifTcS 8HabPBoth end caps 20, 21 may be joined to the

end(s) 12,13 of the fluid treatment pack11 in a manner which does not electrically connect
the fluid treatment pack 11 to the end cap(s) 20, 21. For example, a nonconductive polymeric
end cap 20, 21 may bejoined to an end of fluid treatment pack 11 having a conductive

portion, e.g., aconductive fluid treatment medium 14 or a porous metal mesh layer 34.

[0020] The fluid treatment element 10 may include additional components. For example,
aperforated core 53 may extend along the interior of the hollow fluid treatment pack 11 to
support the pack 11 against forces associated with the fluid flowing through the pack 11. In
the illustrated embodiment, the perforated core 53 may be joined to the end caps 20, 21 along
with the fluid treatment pack 11. In other embodiment, the perforated core may be part of the
housing, and the fluid treatment element may be fitted around the perforated core when the
fluid treatment element is mounted to the housing. In still other embodiments, neither the
fluid treatment element nor the housing may include a perforated core. The fluid treatment

element may also include aretainer (not shown), including, for example, a cage or awrap,



[0021]Many of the previously described features of the fluid treatment element 10 may be further
disclosed in United States Patents No. 5,252,207; No. 5,543,047; No. 6,332,987; and/or No. 7,128,835.
All of these patents are incorporated by reference herein to support these features. [0022]The

spring-biased,pleriGahROPIRFHAFRBESIGN Mk AIRORK FORIEFEsyBR araatyatissy gf ways. For

example, the moveable electrical contact 24 may comprise a moveable conductive pin 54 having a

contact surfaBESS! $iRf 4 SEeRIMent RaSH e %ﬁ%@@%@iﬁ&@%@ﬁ%ﬂ@i&?'&onﬁgur.ed. For example, the
contact surfagsyspy beflat of IUAERS I aedG IREALABRLGGAL ALIGGRSIAINGRDGRL WiHha, rounded tip.

The conductive pin may be formed from & conductive material, e.g., a metal. Further, the moveable
conductive piEiv¥&gp%edn Erited S rshasiidicsartaded the et ap id\rficsa#8 Spring-biased
electrical congagiorNaNYeNBBYSS ANCHRE: PHRMEMES  HtdfR ity iRi-amtommant disonoveable
conductive pin 54 extends through the end cap 21 between the outer surface 45 and the inner surface 46.
The electrica%egﬁ{%u %7%is moveable toward and away from the outer surface 45 of the end cap 20. For

example, the[jompygablagegsiieivRdeindtimay dave hehwgena ey Besibietontgaralittacpaiact surface
55 is farther from the outer %urface 4? of the er%qfa% 21 Cta?Fd a segénd osition, where the contact

surface 55 ischrdgté(rqfov‘fﬁ’és'o ?éreéﬁﬁ%&tﬁ%?‘gg ec%fg% sc?ﬁ“Eﬁt%‘? §Ma t?cular, the
conductive picoelictisg prot4 exiathaloentzeesuttaedBS bad d Setonthe ogitian stekehandyybehe solid and

dashed lines 5 [, LgAILE e SR e AueLsHack: B0k B sltaonion aefgne end cap

21. The spring 23 miay be operatively associated with, e.g., connected to, the moveable electrical contact

24 to bias thehRiehBlORIEE caPReAat i aNagTiim the onrkichvRRIEed bt teedireaR 21, e.g., to
biadS the an?dﬁﬂmztifp@n%eﬁwfg. taentrat Wﬁiﬁ@r_ntlh'éhlfo&%iiﬂgc%ladmﬁw@si fﬂﬁ%%ﬂﬁﬂsﬁ%@&a”?}y 01; W?YS
and may be formed from any of numerous materials. For example, the sprjn may be a coil or lea
spring made il XﬂﬁHBerﬂﬁ%I&f(%ﬁ%?Fﬁ'éegB iﬁ%‘l6?a%€'8*b‘ﬁ%?ﬂﬁﬁﬂ'cgéﬁ%§:?'8ﬁ%ﬁ%&ﬂﬁ‘\é?ﬁ 22 may also
include a casamgrigendnick iourges. dﬂmalairjsl theiﬂpdr@eﬁ@mhndanéeam@mnimw ¢bechmivea_1blg electrical
contact 24, e dieRAYCAPIEAAREUSHNERH Bdw LhRRPHAG SRS BAMLHILAgRBE K hIn the

casing 56 an trical contact 24 may move within the casing e casing 56 may protect the

spring 23 and BeElRssihBRIEEtictvevEaRlS omvarf anstAnE fHRInte sishRvY e it fiItBBsACand may
prevent dirt aggh othetoreraplEomeinisIéan B@oNINcR Biasinedy Rt between afirst position,

where the contact surface 55 is farther from the outer surface 45 of the end cap 21, and a

second position, where the contact surface 55 is closer to the outer surface 45, as shown by
the dashed linesin FIG. 1. In particular, the conductive pin 54 may move axially between the
first and second positions as shown by the solid and dashed linesin FIG. 1 toward and away
from the outer surface 45A of the disk portion 50 of the end cap 21. The spring 23 may be
operatively associated with, e.g., connected to, the moveable electrical contact 24 to bias the
moveable electrical contact 24 away from the outer surface 45 of the end cap 21, e.g., to bias
the conductive pin 54 toward the first position. The spring 23 may be fashioned in a variety
of ways and may be formed from any of nhumerous materials. For example, the spring 23
may be a coil or leaf spring made from spring metal.

[0023] The spring-biased electrical contact arrangement 22 may also include a casing 56
which houses or contains the spring 23 and at |east portion of the moveable electrical contact
24, e.g., the moveable conductive pin 54. The spring 23 may expand and contract within the
casing 56 and the electrical contact 24 may move within the casing 56. The casing 56 may
protect the spring 23 and the moveable conductive pin 54 from damage during shipping or

installation and may prevent dirt and other agents from interfering with the biasing function



of the spring 23 and the movement of the moveable conductive pin 54. The casing 56 may be joined to
the end cap 21 in any of numerous ways, including, for example, by bonding or welding. For many
embodiments, the casing 56 may be mechanically fitted, e.g., threaded or press fitted, to the end cap 21.

The casing mayeReR/HaNed FRIFBDLABANS MURLTMEASERIBR MNRIUFRESQlhSRd, 43P with the

moveable conductive pin extending partly from one end of the casing. For many embodiments, the casing
56 may extendtl BREGAYPPENE EARIZLD I BERMEEIPHIAVBY RS HEI InEY SFFRRiEs WP NG he moveable

conductive p?{&r@gtgedm%]@bm%ﬁiﬁ@my ﬂ@@m@dggmaﬁr?@rﬁédmb i@ﬂ%@ﬁ-&dﬂﬁtlﬂ@éﬂéﬂ' d@rlay also "
comprise a thic rtion of the en p that is provided with a bore in which the spring.and the moveable
electrical con%%sté,)fgt.tgg’rt[ﬁeth%g\ﬁe ?ﬂ%oﬁ%&?#egpq@/ m%%}%‘é'%?%é s@%%@&éﬂ?‘ﬂ%'e@rsﬁﬁ%agc%%sed electrical
contact arranijemneert Qﬁmyf_ftmhaed raplwdids e memddalwodummpiB‘BMdmgsoalﬁmﬁrﬂom lgneonnected
petween 1he BANANTAIRG! 156 AR Ak 11 BIAKEAR EPRUSH YA Al e GO Dot Of he

end cap 21 and the fluid tréatment pack 11. The electrical conductor may be variously configured. For
example, the RERAEALRRBIHRI PO ELRAS IS WiFetaR BRYSPRRLIR At Pt sstenddtachlly
connected betag et A Rable-cansitictieeRINGSE! T RoBdigivRyeatotmpngd/atiadgonductive portion of
the fluid treatment pack, e.q., a conductive flyid treatment medjum or a condquctive porous layer. For
many emboc UL SRR LRSS BMO L A e RN M EroR P iR brased
electrical contctranabomyeanie g2 2ndmevealsie gobEuativg pie,forandd drgrpsednductive material, e.g., a metal,
and may be trically_coupled to the moveable conductive pin 54, as well as.th ring 23, inside the
casing 26, TN Eahaucle FAH Y EEI ieS LA N R A (6 P SRACR e ond cap 21
and/or a c_ondimti‘i/mlpmmmntof fevthicd memmmtlpaommm@tmmdmmmmaidmwhent medium 14 or
& conductive pfguIAKe e 8l CXAUBIEN RS SANGICING GRUPAH i Biymerspalaafy connected to

a metal end cap 21, electrically coupllrg the casmgySG and the end cap 21. Alternatively, the conductive

casing 56 ma\HEtRRIMEY ReYh1mene AerdricabcondyEBbREk deyanausy e poredvitiPaeianaigetive bonding

agent. Alterngiivabepicadeitirabmtye 6RPALCH VRre a5 Hiach 6 BaricR ecatpeki¢alaapagcted to a
conductive portion of tEe fluid hreatm%%tkgack 11. For. exarzagle, he condyctive cc:ﬁsing 56 may extend
f the

between the F@&Q%ﬁ?ﬂl eB’i’% S5 c‘f%'ﬂ@\'lﬁ Bwba@‘ii W'XSﬁ{ﬁ&ﬂPga% & &Y both of the legs
40,41 along ttendyssitve aortonad Wiestred regticient peok, #igd dreatmentedack tdatineth endtligbnatesl

embodiment,C%%ﬁwgaéﬁloE%@%%%%% w&a&&g@pﬂﬁ%&ﬂmg@ layer 34,

e.g., a porous metal layer, andthe col _ ectrically contact the conductive porous
layer 34 alonH'®FEH8 6! Bleapiegiased £l eel iSAROAIRt AIEENIEMaRE Aatil 8\ Pt ARGt , the
(t:)onducti\ée ca@ﬁ@cﬁ@ m@g@le%m%@ulwpg_@nml dpt,oaﬁdng ?ﬁ@é@l&tﬂh@éﬂ%@&ﬁptbftﬂlﬂi@ treatment pack 11
y a conductive potting compoun . In nonpleated embodiments, the electrical conductor, e.g., the
conuctive oGNP SHENE MRy BOHRLER 16 DR AETE L 5 T A REUBLER. mechanically
and electricaktysmgﬁﬁ(rﬁaggabaubaélmctﬁ@lpoct_inmedbﬂte @gmhddﬁtﬁﬁf}ﬁ@@hﬁmsint@cﬁﬁma@gbti!veonfigured in
any of numerg ﬁﬁ%\‘?h&ﬁﬂ&'&?é&(m PRk % ?é‘%dﬂ@ﬁgﬂﬁé'f# ket RGN a4flyid outlet 31 and

may define a tluid flow path within the housing omt uid inlet 30 to the fluid outlet 31. The housing

may also inclERNSIHY PRI A Et o rfzar S ABP AR IFABCHGEME RSO0 D REgHRY ISy edRNkabYIg 61. The fluid
treatment elegpRmicldd) ankePatittaped ia dhadpysapiiyassess ihediig fiwdrip Zhe housing and the
fluid treatment elemené mﬁ%/3 be %Eranged to direct flgid fl 'nsige out hrou(%g) the qui%Fggatment element.
The inner layetS" SH¥E Yall SORALCRLESAHY R BTs &pt ‘?ﬂ'é%atﬁgﬂ HPLBYAEGH? 1ayers, sides,
and surfacestindetel thap Dlteitheyersdsities bamiinsLadacte sAmayidie diyedanlitsinakyn t ey siiles, and
surfaces. In the; 51]%) I i i i - t ' gm@;ﬁq; ment 10 are
arranged to dE%cﬁ fui(r?]I %&Bgu%?é@ﬁ%%{%%ﬁg%ﬁqﬂwggéﬁ%ﬁgrilg%tﬂl%gLﬁ{ e outerﬁ%kjers, sides, and
surfaces of tHé vEfloesEBiaIbaepRgUsIRE greiRdbedtABYPYaKERRiERErtedRUs S0P amteee 383while the inner
layers, Siclies,MMQ%Ed%thﬁdhﬁﬁﬁMﬁ@%@dﬁy&%ﬁﬁ@%éﬂd@Péf@ﬁ@ﬂae[%&ﬁﬂh%rhOUSing may
be a single pﬁoc\asngrré%rw gég) (I)?%ﬁe?ltﬂydc %Pegml;%rprgc n]Yl. In the illustrated embodiment, the outermost
layer of the fluid treatment pack 11 may be a conductive porous layer 34, e.g., a porous metal
layer, and the conductive casing 56 may electrically contact the conductive porous layer 34

along one or both pleat legs 40,41, as shown in FIG. 2. Alternatively or additionaly, the



embodiments, the housing 25 may have a header 62 including the fluid inlet 30 and the fluid outlet 31 and
a bowl 63 that is removably mechanically attached to the header 62 in any of a wide variety of ways. For
example, the bowl 63 may be threaded to the header 62. Alternatively, one or both of the fluid inlet and

the fid outleiyay e BASHGLAG AdRsiea pLipehRadst, IRZAITAS M e B clement 10 may

be mounted in the housing 25 in any manner which forces the moveable electrical contact 24 against a

conductive pYRFRESE B HURLORAUEHY @RI EOMROWINM S 3 Mg herisHirmbedEeraisd e moved from the
headlfler GZhTB%d(;iHHéltt@ﬁdﬁmm @.@#ﬂm&ﬂlmﬂz@b %’?ﬁh@@ﬁ&jﬁ@@éﬂl ditﬂdbﬁd@ﬁ@@fc@ﬂnéﬁﬁ:@xargplea by .
installing the end cap,20. without the spring-biased electrical caontact arrangement 22 around a depending
Sloee 64 of IHETRLYT MU BB e L S BT AEL TE CRREURTES. The how! 63
may then be tioréanletitbapbcbnto the header 62. As the bowl 63 approaches the spring-biased electrical
contact arra nt 22, the electrical contact 24, e.q., the contact surface 55 of the conductive pin 54,
contacts and T8 3hove L BB R A e DO RLIEE 987 8 68 o SSHIBY e bottom veal of
the _b_owl 63. hddsihg,%mm@v@amwmimmm@phdﬁm wrhgutiehtcinthmdouef 68 a\fimhidrﬂb)_\pipaﬁn in its first
position. As e bRWGiS %F%?F&H%Eﬂ%?ﬂ%ﬁ éﬁ?&ﬂéﬂﬁfﬁnlﬁ%ﬂ%@U&%@r}ﬂé&%@ pin 54 moves

axially toward its second position, moving axially toward the outer surface 45A of the end cap 21 and into
the casing 56 EHIR BASIBIRGIHE ARG NO HEEURIFHNAG B 1egel ) ig RfaNaIUS b thBeheader 62, the
ele_thiCZaéanm &éd?’nﬁﬁf h'%ﬂéﬂﬁi@%é%@b’ﬁdésh@?éﬁmﬁlmw&gﬁgf@'e@id o@&fﬁquﬁgélmoaﬁpbm_ i l.tf;e cognpres_sed
spring 23. For example, the contact surface 55 of the moveable conductive pi is fir orced against
the condlictvE B ORI U1 e BEANFRE 6), e R Dbt ST 0 LB THESFRFG Gtant of the
spring 53 mathivedbvhefioulghetomerewamnehe &leiniell amnsasties) asdgyrfheesohtbevainisce 55, from
scratching th ' f I | [ rrosion or
‘éo?r%b%ﬁg‘fﬁaﬁ}%‘éﬂ%eﬁéé’u&?r%&#ﬁce el m%fé?éci jalching e Lo I'%QP%%MYI_?%?‘Q 60

other damage. A’ rounded Contact surfa itate mounting the fluid treat t element 10 within

the housing Z5WHHGGESERYERTREG BRI EIR {APE S A skENd SHABCED NS IR 8BS the bowl 63 to be
properly torquegtertaermander $3 MilspyiewradiTiLine-dardas searlicRiigR diaveyes direspring

constant of the spring 23 may also be high enough to firmly seat the moveable electrical contact 24, e.g.,
tho contact S MR P R DM e Aot TP RIER S EHEN 65 of he
housing 25 asdfestabfiste aaehizxdengbenantainey timepdimthdogiseam thyetspsisrsgal suniddese spring-biased

electrical coWP&H@W%F%Qgj.d%%ﬁg%}g%éqﬁggb%qﬁéwggr%my&g grgeggr;(dggrmggenough to

force the electrical conta again using 25 an any coating, for example, an anodized
coating, in theobagjrior dhtheohengmgy2is Esisgiemietear a nalidpiece Bicictosd. dentaenis established with the

conductive p%gﬁ%bi%’e&fs} HBHéﬂé%g%Fg%%ggH Q’aﬁ‘ﬁaﬂﬁﬁ%ﬁ%@Whé%ﬁéﬁrﬂﬁﬁé%iQegree of

roundedness e rounded contact surface, may be empirica etermine uid treatment

assembly baseHeb Rk apeRHAUMCP3ABHE rRaMRbYf rapshad e hoaitrehecke teigaslrttim i RRYREof the
conductive pojidRiy&fdyhRepin GolQOANNEthE R IIVES HiRgtieeniatRm@thd Akeily spounted inside the

housing 25, fluid ma ?t?e directed jnto the fluid inlet 30, through the fluid treatment pack 11, and out
through the ) EFORRLES 10N ONEN S AP RAINE HEIE B HEW AR 00 it may e
treated in acéoseatobthathetider fluid treatment characteristics of the medium 14. Further, electrons may be

stripped from the fluid b¥ the fluid treathnt medium 14 and/or other . .
[002 The fluid treatment element 10 may be mounted in the housing 25 in any manner

which forces the moveable electrical contact 24 against a conductive portion of the housing
25. For example, the bowl 63 may be unthreaded and removed from the header 62. The fluid
treatment element 10 may then be mounted to the header 62, for example, by installing the
end cap 20 without the spring-biased electrical contact arrangement 22 around a depending
sleeve 64 of the header 62, the Oring 44 in the end cap 20 sealing against the sleeve 64. The
bowl 63 may then be threaded back onto the header 62. As the bowl 63 approaches the
spring-biased electrical contact arrangement 22, the electrical contact 24, e.g., the contact

surface 55 of the conductive pin 54, contacts and the moves along a conductive portion 65,

10



components of the fluid treatment pack 11, potentially accumulating electrical charge. Nonconductive
fluids, including fuels such as jet fuel or kerosene, passing through nonconductive fluid treatment media,
including glass fiber media, are particularly susceptible to losing electrons to the fluid treatment pack.

However, the sndngrhiaserleelealing) CPRRBLRBRARERPHiAR RIS IHsharpdalilyedizsipates any

accumulating charge in the fluid treatment gack and/or the end cap, providing a reliable electrical pathway
from the fluid" Qe EAPPEABRAFEFEE BR AW SS WHEHS Bnthd IAGISSIFR RERNGDL ARMEROH harmful static

discharges osarsingnt GapiEilervatirurarpecisieitoedire bbrubprphesnmisrsriyand/or illustrated
with respect to several e@n%oddnélents the |nve%li|§ isn thI|m|ted to thos En}btﬂglm nts.flor instance, one

or more featu%\"sarodf '%ggce emisa i%‘e%vm%y ' RS 8%“%53#%8 or oie'oF Mordéatures of one
embodiment andynbztoepabingobwitth cnepmssingrinésatung: 8o f@the therpboidddhisrits withwenete parting from

the scope of K, ARIAE- élgz‘,’% @'@Hﬂ%ﬁﬂ&Sﬁ%ﬁ"ﬂ&hé’ﬂ%l?iﬁﬁg AlLSRdIARGIVAKIR e Sscope of the

invention. [0031]For example, the embodiments of FIGS. 1- y be modified to provide more than one

spring-biased®ElBR HataINom B¥tARCHRAR RSt BH RE €2 PE SR PRI RO AC Sk P d8lectrical contact

arrangementsvdhbl edodlcangpiiany ispraty faresnahiieend ©ABudad RyeonlestbeiheRbanes the
dissipation of el(?i:trical charge to thﬁ%}housing. Further, one or more spring-biased electrical contact

arrangementgyrrtn ?/Cﬁ’g]% o' tPne upper end cap 20 instead of or in addition to the spring-biased

electrical conta@igirrangesReHE teHERE IPWE ERTIY SBPndY bé EvaliblghRPsedRlant walreatact
arrangements m%ﬁgen ele tricall%coniact e header olt]ithe hOUSiHL%J\(,)%Z As %E%%er example, the

flid treatme PBHEE R RGNS STLRH 7 [ Lbarretching the condcitve portion B5 of housing

25. Scratching the housing 25 may lead to corrosion or other damage. A rounded contact
surface 55 may facilitate mounting the fluid treatment element 10 within the housing 25
without scratching the housing 25. A lower spring constant also allows the bowl! 63 to be
properly torqued to the header 62 without exceeding the torque specification. However, the
spring constant of the spring 23 may also be high enough to firmly seat the moveable
electrical contact 24, e.g., the contact surface 55 of the moveable conductive pin 54, against
the conductive portion 65 of the housing 25 and establish areliable electrical connection
between the housing 25 and the spring-biased electrical contact arrangement 22. Further, the
spring constant of the spring 23 may be high enough to force the electrical contact 24 against
the housing 25 and rub off any coating, for example, an anodized coating, in the interior of
the housing 25, ensuring that areliable electrical contact is established with the conductive
portion 65 of the housing 25. Consequently, the spring constant, as well as the degree of
roundedness of the rounded contact surface, may be empirically determined for any fluid
treatment assembly based on factors such as the nature of any coating in the housing and the

nature of the conductive portion of the housing.

[0029] With the fluid treatment element 10 fully mounted inside the housing 25, fluid
may be directed into the fluid inlet 30, through the fluid treatment pack 11, and out through
the fluid outlet 31. Asthe fluid flows through the fluid treatment medium 14, the fluid may
be treated in accordance with the fluid treatment characteristics of the medium 14. Further,
electrons may be stripped from the fluid by the fluid treatment medium 14 and/or other
components of the fluid treatment pack 11, potentially accumulating electrical charge.
Nonconductive fluids, including fuels such asjet fuel or kerosene, passing through

nonconductive fluid treatment media, including glass fiber media, are particularly susceptible

11



electrical contact arrangement 22 mounted to the skirt 51 of either or both end caps 20,21, as shown in
FIGS. 4 and 5, instead of or in addition to a spring-biased electrical contact arrangement 22 mounted to
the disk portion 50 of the end cap 21, as shown in FIGS. 1-3. Many of the components of the fluid

reatmen clomesy LAY 1) H G\ BBFIS MROR SARL AEFRFHRE IVEIRS clrdand smier

components are labeled with the same reference numerals. The spring-biased electrical contact

arrangementPRRIRRIGAL iR Eee vel Y R dsEiaty hS PtfR ANV ATEUHH FHBISR 981 hERVEAR the outer and inner
surface 45B, 4@Rraat patk the/BriRclEratas b aaing & rERDRYAE3MICal ARIRS! fimh @entlugior 57 in the form

of a conductiye casing 56 extends radjally between the pleat legs 40,41 of a pleat 35, mechanically and
sty oI AR AT D AP o e SR e P R B0 v oo 21
The moveabldi slergésal emntgct 24, e.g., the moveable conductive pin 54, is electrically coupled to the
electrical co r 57, e.qg., the casing 56, and moves radially toward and away from the outer surface
355 of e SR of (e eSS e e e e R R o e
contact surfg_n@rfgﬁtimmﬁﬂﬂyefabmhmamwme@atﬁpsmfmei BB thesskirtodi wetite End cap 21. In the
second position-fhe cantachSHTaGEBSJR FRdANGIRRRAOHES QUIRHRRAS ARR ALY Giih51 of the end

cap 21. The spring 23 biases the conductive pin 54 radially toward the first position. [0033]The fluid
treatment eleMRERT GHEISOIEReLRROSTIAHYSS PREAMIBSHYHE PRSiMPHES FEYERSOROR% manner similar to

the fluid treatsa@iapiems il theup tiElsringlf @ndtke SRpe Pl Avaionthe yishibedtmean wigment 10 is
mounted to the heﬂgeer 63’ the bowl 2)3 mﬁi bﬁé)ositiocr%e around the fluid treatment element 10 and
threaded to tﬁg)ﬁg &S e.aaﬁ’{gﬁrwg% {8 (SIS AT Lo e L 5‘2{5”80@5‘ the contact surface 55 of the
moveable copgbagiive mbr2tafiiiy, the ensigstiasiniist Moe aReyeHeenslinENeonpsifR aidikee housing 25,
e.g., the conductive side w\g wl 63, As the bowl 63 is fullééigaétened OH['he header 62, the moveable

Il of b
conductive pitrtn]%ho H%Q&?rrlﬂg' é@&%g ﬁﬁ%&%ﬁ?&ﬁﬂﬁ@*ﬁ?@&% &0 lg%'ﬁ’fe SB¥3Ee 45A of the
skirt 51 and ihtesti el ectsica) E&dtaCharspoeyehss Has esubdyramyeablsEest roalcohteatdiagainst the
housing 25, ' SR aG t ' inst n jve side wall of
the bowl GB,wgf%gﬁﬁﬁnd reIiagg@ggﬁg?ggﬁ@é&%@%ﬁi%ﬂgtégﬁmﬁ@%Igrﬁéﬁ%’l%ai/he housing

25. [0034] Th&"Bie SRR SHR ¢RI SHEA RIS ID TR BRBaNEF eeHHLIBBiHReR §Wih20

instead of or in addition to the spring-biased electrical contact arrangement(s) on the lower
end cap 21. The spring-biased electrical contact arrangements may then electrically contact
the header of the housing.

[0032] As another example, the fluid treatment element 10 may have a spring-biased
electrical contact arrangement 22 mounted to the skirt 51 of either or both end caps 20,21, as
shown in FIGS. 4 and 5, instead of or in addition to a spring-biased electrical contact
arrangement 22 mounted to the disk portion 50 of the end cap 21, as shown in FIGS. 1-3.
Many of the components of the fluid treatment element 10 shown in FIGS. 4 and 5 may be
similar to those shown in FIGS. 1-3 and similar components are labeled with the same
reference numerals. The spring-biased electrical contact arrangement 22 shown in FIGS. 4
and 5 extends radially through the skirt 51 between the outer and inner surface 45B,46B and
into the fluid treatment pack 11. For example, an electrical conductor 57 in the form of a
conductive casing 56 extends radially between the pleat legs 40,41 of apleat 35,
mechanically and electrically contacting the fluid treatment pack, e.g., a conductive porous
layer 34, and/or the end cap 21. The moveable electrical contact 24, e.g., the moveable
conductive pin 54, is electrically coupled to the electrical conductor 57, e.g., the casing 56,
and moves radially toward and away from the outer surface 45B of the skirt 51 of the end cap
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have been described and/or illustrated herein but includes all embodiments and modifications that may
fall within the scope of the invention as defined by the claims. CLAIMS 1. A fluid treatment element
mountable in a housing, the fluid treatment element comprising: a hollow fluid treatment pack having

first and secopd,axighsRAsAYLIRALIING 2806A4Si A4k R RS MEL TR URBAYRstream side and a

downstream side; first and second end caps mounted to the first and second ends, respectively, of the

fluid treatmentatx 'RBFEERTIIRE MHELTHT B H5F Sl EpartrebihnbReRE@RAT 88 E@PStream side to
the downstrepssi stfietrrideaatiRNE REE; § ratiany Gesene tredutarsiad agpopHiesigw Facss wibich faces

away from the fluid t%?[.atmgr% {fggcaﬁ%ﬁnﬁgrﬁgﬁﬁggiwghc%%@?j gg\{ggr& é?%puid. Ereatment pack; and

a spring-biasgn efdttitcal o n 0'sa astone c%oa \Wherein the spring

biased electrigaBgpntaghamanpesmeiintngtities BDSPAOSUNEd 5RKeabledpnsietive mnseigosically
e of the fluid treatmig& ack and said end mlg(\)/reable conductive pin

coupled to at | Q p i ein th
has a contacf gﬁféc% A %‘H‘?B%%{bﬁ'et% é% %%%%%%ﬁ‘@%ﬂ%e@%ﬂ?&m surface is farther from
the outer surixeepliesdittrahe fbap aeatnsesied emen d8ittonowhteddmtiedeoint £ therfmrd & chagdeto the outer

surface of saigh enghcan, AR NRLRIN B RRFBGRATARAETHIRhias SR eady b erhin fRysihe first

position to force the contact surface into electrical contact with a conductive portion of a housing, wherein
the spring-biZke ierb At one:tt B8 SPjarhantaes frerlifigiRedleLond WNR A MetsBtH®pring and at
least a portiopoafdhierBavralkivkpassrdive winordor bedkIHbiR T8 RIE | aBesHRIcHRIRdE Wherein the

connected to L AL or s OI R IEHL (oA Gk QL R aHe Cerillive pin being
electrically cédpiey toave alstiyioaladhduatothe first position toward the outer surface 45A of the

skirt 51 and into the casing 56. The spring 53 biases the moveable electrical contact 24

against the housing 25, e.g., biases the contact surface 55 of the moveable pin 54 against the

conductive side wall of the bowl 63, to effectively and reliably electrically connect the fluid

treatment element 10 to the housing 25.

[0034] The present invention is thus not restricted to the particular embodiments which
have been described and/or illustrated herein but includes all embodiments and modifications

that may fall within the scope of the invention as defined by the claims.
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3. The fluid treatment element of claim 1 or 2 wherein the outer surface of said end cap faces axially and
the moveable pin moves axially between the first and second positions. 4. The fluid treatment element of
claim 1 or 2 wherein the outer surface of said end cap faces radially and the moveable pin moves radially
between the first and second positions. 5. The flgjdptgatment element of any of claims 1-4 wherein the
conductive pin extends through said end cap between the outer and inner surfaces. 6. The fluid
treatment element of any of claims 1-5 wherein the moveable conductive pin has a rounded contact

surface. 7. Adfluid treatireré-paearally ¢ mplisifearhwhsisaqneka (idddsaatmenisiament of any of
claims 1-6, wherein the housing has a fluid inlet and a fluid outlet and defines a fluid flow path within the

housing betweerPEhe filet and the outlet and wherein the fluid treatment element is positioned within the
housing across the dlbatl sl yhd theaintent peck inaviheg $parapd esexltieat entaend imthadnogfahe moveable pin

against a COW&&B’&P&’H&H&H%%H?H&%&J D bifh GRRUNE A RRRRINGINY ghiglaim 7 wherein the

housing comprises a removable bowl and the spring biases the contact surface of the moveable pin

against a metal porti6H JFRCHAANISaRS AN Bl PROSICPRER HESeeAl Ve WHE Hifd treatment

element compUigim@atment pack to direct fluid through the porous fluid treatment medium from the
upstream side to the downstream side, at least one of the first and second end caps having a
outer surface which faces away from the fluid treatment pack and an inner surface which
faces toward the fluid treatment pack; and

a spring-biased electrical contact arrangement mounted to said at least one end cap,

wherein the spring biased electrical contact arrangement includes a spring and a moveable
conductive pin electrically coupled to at least one of the fluid treatment pack and said end
cap, wherein the moveable conductive pin has a contact surface and is moveable between a
first position wherein the contact surface is farther from the outer surface of said end cap and
a second position wherein the contact surface is closer to the outer surface of said end cap,
and wherein the spring is arranged to bias the conductive pin toward the first position to force
the contact surface into electrical contact with a conductive portion of a housing, wherein the
spring-biased electrical contact arrangement further includes a casing which houses the

spring and at least a portion of the moveable conductive pin.

2. The fluid treatment element of claim 1 wherein the spring-biased electrical contact
arrangement further includes an electrical conductor e ectrically connected to at least one of
the fluid treatment pack and said end cap, the moveable conductive pin being electrically
coupled to the electrical conductor.

3. The fluid treatment element of claim 1or 2 wherein the outer surface of said end cap

faces axially and the moveable pin moves axially between the first and second positions.

4, The fluid treatment element of claim 1 or 2 wherein the outer surface of said end cap

faces radially and the moveable pin moves radially between the first and second positions.
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a hollow fluid treatment pack having an inner periphery, an outer periphery, first and second axial ends,
and a plurality of axially extending pleats, each pleat having a folded portion and first and second pleat
legs extending from the folded portion between the inner and outer peripheries, the pleated fluid treatment

pack comprising a piRgIRTHHIAYRTROMBAS NG LAIRG 3 IANRER PRERRILEL EeaImRgImedium having

an upstream side and a downstream side and a‘conductive porous metal layer on one of the upstream
side and dowHEHSAPRS GBI GOt tet At RBRT FWEB;  first and second end caps mounted
to the first and second ends, respectively, of the fluid treatment pack to direct fluid through the porous

fluid treatment mediym from the upstream side to the downstre msicﬂﬁa at least one of the first and
second end Gaps nA TR0 AN CHIEFE HACE I LSS A b . Y B ol
spring-biasediel besrévalodedachttauifeneent mounted to said at least one end cap and including an

electrical conductor, a spring, and a moveable electrical contact, wherein the electrical conductor extends

within a pleat of the fluid treatment pack along at least one of the first and second pleat legs and is

electrically cdupled4oftHe BerRThsetn iy SPPHSRG R iesheved fIE WibEaatnesHeataneRtéirs beyond the
outer surfacepptrepits @8] walranthisHB MRS AeNN thiensha \wayi tiem| therauigrudaceaafsaid end cap,

th bl trical tact bei lectricall led to th trical t d wherein th
Spring biase A LI 08 ST b e S Y ey LAk ™S he fu weatment
element of claiemeniilbensitdhes adtiindbefames of saidsathe dsi ditevepaticapl falbersi axielBprangl the electrical
contact movas Bl (OWAIAARS YA RCBHEAL ConddTRBANh LERmERplment of claim ©

wherein the outer surface of said at least one end cap faces radially and the electrical contact moves
radially toward and away from the outer surface. 12. The fluid treatment element of any of claims 9-11

wherein the epnductoe efitbersfiear Biasepl ¢ S GRAAl CRRtAS harERgeMeEiripmRs isasRvasgtl casing
which house th?é%)é%g and at least a gor{tion of the eFI] ctrical contact, the metal ¢ sinﬁj ext{ending from
said at least %ﬂ‘é’ psr\)ﬂi i '??%ng PR %ﬁ?ﬁ%ﬂ ?ﬁréofﬂ ﬁ@'ﬁ\g@ﬂ%ﬁm R A lreatment

pack. the bowl.

0. A fluid treatment element for treating a fluid, the fluid treatment element comprising:

ahollow fluid treatment pack having an inner periphery, an outer periphery, first and
second axial ends, and aplurality of axially extending pleats, each pleat having afolded
portion and first and second pleat legs extending from the folded portion between the inner
and outer peripheries, the pleated fluid treatment pack comprising a pleated multilayer
composite including alayer of porous fluid treatment medium having an upstream side and a
downstream side and a conductive porous metal layer on one of the upstream side and
downstream side of the porous fluid treatment medium;

first and second end caps mounted to the first and second ends, respectively, of the
fluid treatment pack to direct fluid through the porous fluid treatment medium from the
upstream side to the downstream side, at least one of the first and second end caps having an
outer surface which faces away from the fluid treatment pack; and

a spring-biased electrical contact arrangement mounted to said at least one end cap
and including an electrical conductor, a spring, and a moveable electrical contact, wherein the
electrical conductor extends within a pleat of the fluid treatment pack along at least one of the
first and second pleat legs and is electrically coupled to the porous metal layer, wherein the
moveable electrical contact extends beyond the outer surface of said end cap and is moveable

toward and away from the outer surface of said end cap, the moveable electrical contact being
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13. The fluid treatment element of any of claims 9-12 wherein the fluid electrical contact has a rounded
contact surface. 14. A fluid treatment assembly comprising a housing and a fluid treatment element of
any of claims 9-13, wherein the housing has a fluid inlet and a fluid outlet and defines a fluid flow path

within the houslgg SRY\SER eI TELARH EAPSHISANCIRRELY (R uifdTsalment lement s positioned

within the housing across the fluid flow path, the spring of the spring-biased electrical arrangement
biasing the emmimwgﬁ@%%ﬂg B8R of the housing. 15. The fluid treatment
assembly of claim 14 wherein the housing comprises a removable bowl and the spring biases the

electrical con{act agﬁ{gﬁtu?dwg&%&?rt e O{ ol?%lgl% é wherein the outer surface of said at |east one

end cap faces axially and the electrical contact moves axially toward and away from the outer

surface.

11. The fluid treatment e ement of claim 9 wherein the outer surface of said at |east one
end cap faces radially and the electrical contact moves radially toward and away from the
outer surface.

12.  Thefluid treatment element of any of claims 9-11 wherein the conductor of the
spring-biased electrical contact arrangement comprises ametal casing which houses the
spring and at least a portion of the electrical contact, the metal casing extending from said at
least one end cap within the pleat and contacting the porous metal layer of the fluid treatment
pack.

13.  Thefluid treatment element of any of claims 9-12 wherein the fluid electrical contact

has a rounded contact surface.

14. A fluid treatment assembly comprising a housing and a fluid treatment element of any
of claims 9-13, wherein the housing has afluid inlet and a fluid outlet and defines afluid
flow path within the housing between the inlet and the outlet and wherein the fluid treatment
element is positioned within the housing across the fluid flow path, the spring of the spring-
biased electrical arrangement biasing the electrical contact against a conductive portion of the

housing.

15.  Thefluid treatment assembly of claim 14 wherein the housing comprises aremovable

bow! and the spring biases the electrical contact against a metal portion of the bowl.
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