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

o e S O S L DL SRR e s o

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

e o S T b
ownstream si . FOor many empol mentS_, ul ow ma e directed outsige-in throu e Noliow TIul
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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
e D oA T e R e es aater oo T

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 I8 ‘?ﬁ Iedel%t one f the firs reméj qpleat legs and
may be electfc ﬁ?/ C LYpPe He po ugnnpa{: ayg& & eeﬁ)gc?%a con?gﬁ??ﬂay be electrically
coupled to thmmamfcmmbadp@reanmmmnfméommmg&eﬂtltmisbamatthaaysemmcm@ond 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 meveassemipnahyighaptawie siratapnbe trasabrPB]rie sgilsydickesmeectional view

of a porton o the Thid Yeament FISMAN 011G, 4,25 Yiied agna e 2.2

[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.



[0009]FIG. 3 is a cross-sectional view of a fluid treatment assembly including the fluid 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

Description of Embodiments of the Invention

[0012] Fluid treatment elements embodying the invention may be configured in awide
variety of ways. One of many different examples of afluid treatment element 10 is shownin
FIGS. 1-3. Thefluid treatment element 10 may comprise a hollow fluid treatment pack 11
which has first and second axia ends 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 first and second end caps 20, 21 and at least one spring-biased electrical
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.



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 pack 11 which has first and second
axial ends 12, 13 and a porous fluid treatment medium 14 which has an upstream side 15 and a

downstream ie, 6. The:lifdsRaimeneIRmeRkAMARLNBGT KAmRsHJFR) aRdaseand end caps 20,

21 and at least one spring-biased electrical contact arrangement 22. The first and second end caps 20,

21 may be meEMEY TxRe frdt any deadnel SXEPKNaY e FIr eeprtavBRNfand HiddealasMent pack 11

to direct fluid gatlougly Hee Aidddriecsnnignidanervme ilddrerdtaardartieanmeide d bdarteat gavknstream side

16. The sprinr%-bi sed electri IaI C .ntgcﬁfiirra?. engtent 22OI may be mou}ptedgéo a Ieasttone of the first and
second end ca@é ?ﬁf%lr?r n¥a?)y INEIle e%’%ﬁ?ﬁ‘ﬁg'?ﬁ%nn A M6V BEE et I oMLt 24. The moveable
electrical conpetplehisSe|ette tailg tceapiand peckhmdiuddrsishoheny peciuld tesath'entiheedino,capt21 to which
the Sp“”g'b'ﬁ‘ﬁSﬂc‘é}ﬁﬁﬁéE%'rﬁ&%ﬁ%&%ﬁ%gf@%ﬁ&iﬁ%&)ﬁ&?%&qa PSR NIPRRIARARSHES pveable

electrical contact away from the end cap 21. [0013]The fluid treatment element 10 may be mounted in a

housing 25 tdfc¥te engoidirEa aYHeRAl SOMBerEs. Ttk RGTHIRy e fHisl tieateea! Aass HIS0 and a fluid

outlet 31 andifeRiisle o asilyier hawa Ltk RrIO 0sIsHIEbRBReRresh e fleist takei 3@ and the fluid
outlet 31. The fluid treatment f%%,’ﬁ,% t 10 ma%/

be pgsitioned in the housing 25 in_the fluid flow path with
the moveabldERICHL AR T 80 770 S R St LR AN LR o A P loctically
contacting a tayedd4tiney sentess efdthinageuayeyta Srdhfidi chyoefriam the fuiiditinéénad, | pas4hrough the fluid

reatment pagl LAy EXI b6 BAMEAAR A el LA Mo R Y 3556 g the Tl

treatment pack 11, it is directed by the end caps 20, 21 through porous reatment medium 24 where

the fluid may SERPESREH ! HFSABRMG AetIR lﬁa)'/@'”lﬁnéﬁbéfﬁf&gﬂ@%ﬁwtﬁﬁ’é)ﬁﬂdﬁ?yﬁrﬁ@mb@haracteristics of

1E|hedﬂUid treatg@mdfgﬂ@@ﬁdgdwgm}s&tjga,afclgpaﬂgihﬂﬁplmd ; ﬁegc:]jh@'géhé@ydh ff@ﬁm{md lg;gmponel?ts of trk:e
uid treatment pack 11 may strip electrons from the fluid flowing throu uid treatment pack 11. The

resuiing eleCHTRT G A Sl ar BRI e SNSRI R S AFLR BRRLEL and/or from

the end cap 2detad dher speimas-diasetredsctayal domtaci merdsigfahreny@2ion ﬂwhmhaﬂeg)@rﬁusvhere, for

| 8&?&9&%@6&8&%@&?&( oGl QO A S BUBRRGRAET QhdD6: HHiG ligptment

example, thelg)llgpstr' g
assembly including the fluid treatment element may be fashioned in any of numerous war%/kﬁ_ﬁi:or example,
Uithe fluid

the hollow flLiEIFBLBTBER BRI RAPHR! R A FRB AT IRBISISARO A FIstEeara sk efi the

treatment pagledhenaydnye o afBeHRIbhayiEyericad camnbcLraiinshradger g Hegitsfiivned2 and an outer
periphery 33. The fluig treatm?n%acémrgaﬁ{ consist of c%%%.the fluid treatment medium, or it may comprise
A i) |

a multilayer c%%@ﬁ ekPé’\r/?r‘l‘a it gratgent "Batment medium 14 and one or more
additional conpop@sientsrirtieeXAeRIRoiNeUiYicbiaRINERKRASK ok nlaotid pretadP N gssdayer 34 on the

upstream side 15 and/or downstream side 16 of the fluid treatment medium 14 which may be coarser
than the uic R AFERAEE AT FOE DR ER 8F SeHiEy oM B P S0 IS i i o,
from the fluidihcbadeeid dagend 36 Alig nhatiae lye on dukiticen gyi pherp 8PausHapereBdenadneyed®e as a support

layer to Str”%@ﬂh@jﬁ%@fﬁ tégg%rsmm@ﬂi rEzﬂﬁﬁ%iB\%&Féﬁ&%‘%@MéﬁEﬁg‘?ﬁﬁ&“s layer may

be electrically con ny accumulated electrical charge away from uid treatment

medium 14. P8 esienisIerhpes SRRV Badisteti<Of8neh st BBY GraetreR v sbrb IO @ Shyer such as a

Imetal mesg |ﬂ?}@i&kﬁ'ﬁé§@ﬂﬂ%@a@§ﬁb@dﬂmﬁﬁ@ ma)bﬁ@%ﬁpg@ﬁ%éiaﬁbﬁﬂ%ﬂuing I|oorous
ayers, on both the upstream and downstream sides, of the fluid treagment medium. A porous layer may
o e e o £

contact the up®t SARL RS FEOL PN tHE T LLERERE ST HPR & Y SAWILH:A layer, including a
cushioning layertiragy denpositkone ddoefwed it & qaomensniayle ma hdl dimbdihei dr tneceradafiti omadium.

[0015]Furthet, 6 RS TLi By HeRl BAEKFAMAY, BAKIMRh AR LIRS AVRIBAIEH ayer 34,
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



fluid treatment pack may include a plurality of axially extending pleats 35. Each pleat may include a folded
end 36, which may be on the inner periphery 32 or the outer periphery 33, and first and second pleat legs
40, 41, which extend from the folded end 36 between the inner and outer peripheries 32, 33. The height

of each pleat AR IR0 Sl SRR RGBS Ao G iARes R RGN Gaer and outer

peripheries 32, 33 of thefluid treatment&ggk 11. Each pleat may consist of only the fluid treatment
medium or mERAESHAIASD AT RMAANE NS H1A HOSIHE IR ENGYiHRY B A0iBl eatest A A erRlEIRHP#%Kand one or more

additional copppegents gz RIRYIRMEMAERRURR 1/ R BORLSTRRASLDEN 3 2 FonalGYe RRRAUS layer 34,

e.g., a porous metal layer, may be an outermost layer and/or an innermost layer of each pleat 35,
including eacHEHIAG 48P gvRR R SHRRP IS A EIRS AR mRIPIaNR OeAtid H hreay FENREUEEpleated fluid

treatment paskcHasandpleRIGH Adriddreiaronemhaes ok ANaw aoBn POBR G alTdiohode cylirdrigal fluid
treatment medium or mgéti@le ollom&cyflindéi(%fll layers radially nested within one another. One or more of
&y Y

the cyIindricatIr?g%?Qt 'Elrr]i A& e FN é%(ﬂw?@%f’h{‘é‘a? r%%&ﬁn U S?Qﬂ%dg idrical layers may
comprise an wglgetratglipclodimgutiivexdayie sutirahsraspuhetis il yeeferagiasse tethkyveramig. paametal mesh
layer. Many Gaalgsgey RlsmaNSSMaPALMES LR IIMELIDR-MAIAKE & QoR-plnaled fluid treatment pack.

[0016]The fluid treatment medium 14 may be fashioned as any of a variety of structures, including, for
example, as 8RRRSHOAYS BieiBid USHOIEHTREMB AR s e A e aeliétu fBClydidlg.d8ra hollow
cylindrical fibeQusrash@icantigutse SicaoaVEPae i B RIRRa by ABdIBIE teppiaentupaciiem 14 may be
formed from Eﬁf of num rg.us con%uc% iv.haﬁr nonctond ctive materials, including, for example, natural or
synthetic poly e(?tgw’egeagg 'BedhEr ﬁ%?‘mea M H%’Hﬁyrﬁ%@%%@ﬁ% o dﬂ?%'Hms fluid treatment
_charac_:teristidscmdirmdayeamhﬂ)eiiaimjntewtt;éiﬁdihta’reamwdumedmassm%gi&mmisemﬁher m@dium,
including, for &amBlena ARTRRANSY vaRheaHaLARRS JRRMG SURRBYSH BY ARGEo4RBElymEric substrate.
ediu coalescer med

I may comprise a fum, including, for

For other embodiments, the%ﬁuid treatment

example, a htsBOYRyRH AR A AloPEBHtR: ¢8e E YithEabpenamsdivey g1y hayRa renovilicatiabiibat medium

may have a giafiaera9rang URERcaitiaigany ebasaide range of removal ratings. For example, the fluid
treatment medium may have a removal rating in the submicron range, the micron range, or coarser.

[0017]The erl@¥bs maPeFee FET A 6lFePFHARNPHHD Fer6LIBUMSIR ISMEN Ex SR SIEBAE RSt the end caps
20, 21 may b aREH@BEHSADN AN BEREAEX eRVINBI R uhish tuislyeampiicaiem,with the hollow

interior of the fluid treatment medjum 14. Each end 0, 21 may have a groove 43 that may contain an
0-1ing 4 for SR G LIS LT GG TOL AP 58 o 45 Bhe o the end
caps, e.g., thelendydape2gvative yBithnat spayncpiiEsed Glectidéf aossdicipdhaigdrmeaitr2gt may fluidly
communicat ‘@%n‘? f Id inlet flyi I , flui f the housing
25. The operel\?lr_\g 42 ?ﬁﬁt et_omgyég]l%ﬂ 5233%1 a,;%é{%ﬁi')gg %ffﬁ%y &%ﬁ%&i&@%‘%%’%ﬁvely, one of the
end caps, e.qVifieidRe PapatbesdidEEal PRIMEhATSIRMENCZA UTRRIN B B 0MBIUREaletBn open end

cap, while theqtaetrerdicaR 08y 4R e bt €20, whicthbingkoaitflgiddiare Wygusdhhat end of the

fluid treatment pack. {0018 One or both of the end %ap 20 2% me\){ %Iso have an outer syrface 45 which
faces The openfng 42 1n 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



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 a radially 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 pf a36heMd gaR 20 dhAYihen deidadherriptiulanng aaLSUEAGRASA of the disk
portion 50 and the radlall?/ facmﬁqﬁ&ﬂer surface 45B of the skirt 51, while the inner surface 46 may include

the axially fa@Eps& riaR i FeROdiothel Ao 8 Fadial B B eptB e A RGeS thesKisLrface 46B of the
skirt 51. [001R)6)ae or IR LHM FHSARTAPNRLIRRHBTFRIM & CHIEHENYE: HoRUNEORHNstive material,

including a conductive or nonconductive polymeric material or a metal. For many embodiments, the end
cap 20, 21 mABEAgR G BAREAGHEINGIDEPBRPRH R REBARFHT RatcE T MAS), i M&and second
endkcaps 20,&%&%«?&&]%@%@@@@%@@%&@%5d&ﬂ&&i«@fé@@ﬁﬁb&&ig@éﬁb&cﬂdd treatmc;.-n:]
pack 11 in a variety, ays. For example, each en 20, 21 may be honded to an end 12, 13 of the
fuid reatmet RHCE SR T8 RO B R Y 27 RORO Q0 PR SSa, by a potting
compound 52visci? as3aresppctiyelr of oty lietheatmertimokatiyely \pslyoheryericocemdple2l may be melt
bonded to the.2ad 421 3TN isk BERERY LA 151 JBRR% AMARUMGRIS.LRA £ RathiRgd caps 20,

21 may be joined to the end(s) 12, 13 of the fluid treatment pack 11 in a manner which electrically

connects the NAUEEEABRRTRSNI UM 14 TR/ ribeRRs ey by en 34 iy adieiingIE0THPPENSERR &HAY @nductive
potting compauashyp snapdipne: e, ehaesiealin gonpaghrreoamiel/2operting obthe fiiddegatment pack

11, e.g., a conductive fluid treatment medium 14 or a porous metal mesh layer 34, to a conductive end
cap 30, 21, oGBS A RS EHTED it i b RS SHE G AP 3king compound
52 may bond2d), cinday tre¢oprditartivs ehd($)id, Tl@:atrﬂllerﬁtbﬂmn‘eanm;em.gaph Ifbinmmﬁmeeﬂww treatment
medium 14 oga parons MR e iRt erl Fﬂ?&'{ﬁé’&#@%&kﬁ%@, %‘iﬂ%ﬁ%}(ﬁw‘fﬂﬂé’ G 20,21, e9.,a

metal end cap. For other embodiments, one or both 'end caps 20, 21 may be joined to the end(s) 12,13 of
the fluid treatBHSHI GRHYIGONGHCH YR AAHER RMTIRPWISE? Aeavepentt Rl I ebherblot GprRNeRlia ¢RBEUSISt pack 11 to

tf}eﬂe_réd Cap(?ﬁ)&(bn?&l-(tﬁél)ﬂ;?&@mmerﬂ ﬁfjkcgad.@gty@)ﬁ@ﬂmm@ﬁmmd _ @ﬁngdlmmlaeéoinzd to ?LZ end
of fluid treatment pac VviNng a_conductiv ortion, e.g., a conductive Id treatment medium ora
P rous e BUR TSR T B e ATt a2 A B Al el S04 R S AP S hmponente

For exam ple,eaq:mimmquduotiaeﬁ* nmym@mid@om@gfwﬁmﬂmf_&ﬁniw batbactodiidtieatment pqck 11to
support the pﬁ}:ﬁﬁ&r%?%@é%&&&ﬁ%&@i‘i% é&%éb&&ﬁ?ﬁﬂf&%&%& ek 4y In the illustrated

embodiment, the perforated core 53 may be joi to the end caps 20, 21 along with the fluid treatment

pack 11. In oBREPUSHISEH MFER avse e HoR RS HcELFaFRRlHE paPnEreHerRrd SRR Gt the-fRiid treatment
element mayrhadittad o urst Sasparissaipened thadiaiihenticshirsmimeniyeiriiRmid sotHeunted to the

housing. In still other em o}%i ents, neither the fluid treatment element nor the hgusing may include a
pertorated oGRS TR AaE S HE BT APk 12T A R aPCHEE e SOTRER iy for
example, a cdygdlardareatament 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,



which extends around a pleated fluid treatment pack to hold the pleats in place and/or to

protect the fluid treatment pack during storage, shipping, or installation. [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.

[0022]The spripgbigsatalardricaterptachartanaemst B AIER BRACHIHESA AR & g(;eag

variety of ways. For example, the moveable electrical contact 24 may comprise a moveable

conductive Mirfesh Ralirg Eeebrtacbali iR S8 uper SipamsTH RSB s urface 55 may be
variously cqpgigiired. frof e aie G FPAaG Y taae Ry Re Adh efravnded. f.a: 19engrally

spherical or generally conical with a rounded tip. The conductive pin may be formed froni a
conductive ?ﬁéﬁéﬂ?ﬁi,%ﬂ?sﬁqﬁéﬁ?t%%@ﬁ PR tiidVeable coht dithefhMayBeteidpdsdd

entirely on tha/euter. surtaga of the end cap to which the spring-biased electrical contact
arrangement is mounted. However, in the illustrated embodiment, the moveable conductive
pin 54 extends through the end cap 21 between the outer surface 45 and the inner surface 46.

The electriqgabggntactrBd ssmovpabietanwam anthawayftom: e auitoBd faae Aseafithe.end
cap 20. For examg%e, the tpoveabl co&ductive Pin 54 ma% move_hetween a first positior%

where the CORALCSUIHEe B8 XTI SRR RS GHEF LSRR Tt T SHTRUES 2 TO3R)
second positioiyarie pinthé leantaetcsntface1Bbcis Sl esdr thfie thtepsarfaoeats, Asistyown by

the dashed Jipeqdny ElGrichdB. pﬁa}igﬂﬁ{p@ %8@9%9&%{9@&@ 2By NGV ralYe Qetx%%%ﬁﬁpe

first and second position$ as shown by the solid and dashed lines in FIG. 1 toward and away
from the outBhesisaRiccam A BY GiBIarsRY BB Rt biith el bhereapr P1e MR8pRAdoPB Y Sphea

operatively asageiteghmitin 8@, cannacted ta:-fae meveahlealaaticabsontgalddaiias the
moveable eIeCtr'icaI c?tntact 24 Wazéljlr m the outer surface 45 of the end cap 21, e.g., to bias
the conducfl& B BA1BREFE L SUERIS T2 e LBRh o PRy BRI SHITRSY UG hriety of

ways and mayrizerennedhfronednllofevemerdusinsterdlsnbodiexamplenthe gi¢ing@s:-1vay be

2 col or leafsning dyade,fiogh Serie me'sl. (00231 The aRrnG:biaedl SIPHITAISANIAGE 4

arrangement 22 may also mc“lude a casing 56 which houses or contains the spring 23 and at
least portion t5falsetsaleaet sbmaycablstinervd apdgwipidraip VeapiecanthsetiveopihesadThe

spring 23 may exPeacANEROMaRLVWLRIB EheicasiRG A6 ARt i hRoelasdicahcontagi2disay
move within Hl?e c]a]?in 56. The caﬁ'?ing 56 ma tect the S%E)rin 23 and the moveable

conductive Bl B4 S EERELEY ﬁgf%mﬁlpﬁ%de’(r)t T PERCaAd Phaly SPEVERZAIAHY other

agents fromeiadfeorigowitihtie thiasingduncfi@n 55 is closer to the outer surface 43, as shown by
the dashed lines in FIG. 1. In particular, the conductive pin 54 may move axially between the
first and second positions as shown by the solid and dashed lines in FIG. I 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 numerous 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 least 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 surfacesthdwiel ttep dLiteitheyersiisities bamiingLadaate SAmtaydiie diyeodanuitginakiynt eeyensjustiles, and
surfaces. In the; 51]%) I i i i - t ' gm@;ﬁq; ment 10 are
arranged to dE%cﬁ fui(r?]I %&%&?@?ﬁ%@%&ﬁﬁ%@@%ﬁ%ﬁ?egr%g‘%tﬂ}%a‘ﬁ‘r e outerﬁ%kjers, sides, and
surfaces of tHé vEfloesEBiaIbaepRgUsIRE greiRdbedtABYPYaKERRiERErtedRUs S0P amteee 383while the inner
layers, sides naeprriagepdeythedecdpunsiserRdassorsisergand, #LEBRE Tre upstream or

downstream side of the fluid treatment pack 11. In theillustrated 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



[0026]The housing may be a single piece or a multipiece structure. For many 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 e desadete beheAdes 62: Aliomativei neoraRin ebHREARiALANd the fluid outlet

may be part of the bowl instead of 'the header. [0027]The fluid treatment element 10 may be mounted in

the housing ZEHTERY RARNHEMNARERACHSEAEPHENH ERBRBHE LR ctitapiiprise PP e s A& nductive
portion of theghetifActaRiucl eXGMRdsoitRidive tasna) ayah @ueib ieris banedesnratciiom the header 62.
The fluid treatment nt, 10 may then be mounted to the header 62, for exampl installing the end
cab 20 witho D8 ST B R B A YRGB S D SIS GRS seeve o of the
header 62, theo@rimgf4deipatke end cap 20 sealing against the sleeve 64. The bowl 63 may then be

threaded ba the_header 62, As the bowl. 63 approaches the spring-biased electrical contact
rangomont0the ol RO R e R e LB e Rl IS o 64 santacts
and the movédw®@ioggarcanohatiteaportion & S0fancexH me et etrAd sidpossialef i oé thidubmbttompatll of the bowl
63. Initially, themoyeaRIGERNSCHYRRIA G4 MY ARtRE!IDR Boyd 83 W HBHR Rd, LS first position. As

the bowl 63 is further tighteried onto the header 62, the moveable conductive pin 54 moves axially toward
its second pd8RIBAE PREINGAURIANY tteuFhRPTIRE a6 A iad 28 Rl vdaerby RAeaD P49d iHiB the casing 56
and Compfesﬁmglﬁ@am@ﬁﬂ' @e&%n&@ﬁéﬁ@e%(?&h@ﬁe@iﬂﬂ%ﬂ@?@ﬁ@% %&éh@h@ﬁ%}%\ﬁ%ame elegtrical
contact 24 is fir presse inst the conductive portion of the housing 25 by the compressed spring
23. For examﬁrllg, Qgﬁfﬁéﬁgﬁﬁh‘j&é@%ﬁ?ﬂﬁ%’ﬂ%& |8%%F?&‘8 R ﬁﬁ%ﬁq@}{lﬁ%’/’%ﬁj@@&t&gainst the
conductive ptntmgrehefl tie:tteataiedB dbgnibie. cOhepnessksyiesprimipd anfCozaiehef sprivayi casistant of the
spring 53 ma lectr n : tact , from
é’oﬁ%&ﬂ@h@’?ﬁ%&oﬂé‘? By ﬁu‘é‘if!hg%%r_ﬁ |%%H’§,%J&£ 1a6'a? HiEFOBLRS |§%§§§%€‘d§?

scratching the conductive portion 65 of housing [ to corrosion or

5.'Scratching the housing 25 may
other damag@Askhiarercnaydif e downieans | aysie o eptaAad Fdf ARy thegiePadmeient element 10 within

the hOtllsing 2ﬁudétma#tripr@é@mng mgﬁﬁ@@%ﬁfﬂeﬁdwwm@m@?tqomm@awhﬁé@pwl 63 to be
properly torque the header 62 without exceeding the torque specification. However, the spring
constant of t Ié;i)tf?l?l\ﬁ %ﬁﬁ%{ﬁé 8”95. tﬁn@hu %H@W%Btﬁefﬁqﬁ%&gtt erﬂ%%%%?ése?é iiFcontact 24, e.g.,
the contact sauftaes® tetyari nusveaipenedsdwgtiverdin thé uag eeast | Hyersamibscne oderes 65 of the
housing 25 aﬂﬂ.ﬁ?&'&ﬂ&@féﬂ @%&I Hiﬁﬂ £90 t@}@%&&@%ﬁ H@@d@é gr{bdsiqp‘?%%ring-biased
electrical contact arrangem nt%Z. Fu%[‘@ler, the srﬁrﬁg constant of the @mg 23 may be high enough to
force the eledtt2a]l contdet Hbdsagpmast Hee Bogis pe@soaadnulifpotesiyucoedt ngprimamxample, an anodized
coating, in the interi t ' ' ' | ' tagt. ished with the
SH{BE?‘cﬂ'r%ﬁ’[fE,t HE ﬂ8ﬁ§ﬂ§%§%a§ﬂ%{:}8 %%%o’;‘%r/ %%‘?H&Blﬁng RRIHEA 5r4 %%@ %?éify.g

conductive portion 65 0 ousing 25. Conseque the spring constant, as well as t egree of

rounded ness%f'%@#@ﬂ%é@@%&ﬁﬂ@éﬁf?&&ﬂ%@@@‘m healfReorRstép v bepdier Gl Afraatment

assembly ba&ﬁ_de%i@ﬁx@rhwghm &&m&gﬁﬁeﬁﬁnmﬁ@y% iﬂr&?eb%ﬂi@%}éﬂ?r%@ nature of the )
o PRty Boe QP TRNIA 0 SRS S S e o o e mside the

instead of the header.

[0027] 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



may be directed into the fluid inlet 30, through the fluid treatment pack 11, and out through the fluid outlet
31. As the 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 treatyyeatmeeluThdd 3RA(Bh. A e SORAPABIIS BB RS hBRK A potentially

accumulating electrical charge. Nonconductive fluids, mcludin% fuels such as jet fuel or kerosene, passing

through noncetdHeiiNRRiIRf et ARBFRChiRRIRPWhBRIMI KA &b HhieY In B EREPes b OPartie &P ¥lisceptible to
losing electrosssi é3 Rl U ighfeaai BiRo tRastedet@reyemiesingrdliapasppet rigaleerias; arrangement 22
effectively and safely dissipates any accumulatjpng, charge in the fluid tr nt pack and/or the end cap,
orovting a roTARE BEE PRI A e T PG SN G arectly o the
housing withead &ng thelces igpbindiod statior elisob ding egriog i rigNd@bBMWh B8 Mdrilbyi§ gispects of the

invention havg.haan Weseroee,anllar ty shatet Wil esnarbiea UaIRL fIRBGHIIRE DL diiSnvention is not

limited to those embodiments. For instance, one or more features of these embodiments may be

eliminated ordhH8iNRFHE SAOHINBAIERESEASE HIbhe ERTIATRERINAsINREIIRREE itPeone or more

features of offgy&mbedhneite vt BListepartitadping Seueadittive jovesiies obven&imbgdiments with
very differen feﬁztegres ma% be vv.ithiggthe scope of the invention. [0031]For example, the embodiments of
|

FIGS. 1-3m O SB?&% " more than one spring-biased electrical contact arrangement on the
end cap. A plsEdy of sperpribineashaitelttalkerRi®s MEPPIRMeALRIR- & pRYLA heaastiatly spaced

dth d furth h the di ti f electrical ch; to the housing. Further,
o o1 moro SHIRY BIaC LRGeS 4 TSE o D SHANML A S MoUREU VST (o SPEHe cap 20

instead _of or_HS.aniatoki g m@mpangaﬁmd@emmwmacomwm(wmweer end cap 21.
The spring-bigged SlaGIGALEAMRGHAIFRNGSRERES MAMBR MR ta M FRNiRehA0S fypadler of the

housing.
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



[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 endsp;d RSN R LS elrhe B OLIARGAMPRTEALS 488 Luidicaatimep 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 sam&'FeferaIREE At araYS! Yrine spRlYHisRRAes SRR AN HGHRXESFESHB EMRENt D2 shown in FIGS. 4

and 5 extendgdagiaibptiokaudivttieesiidtcad, BRIVIGIRY dhreliebieelatt danetimifaeendiid 4GB and into the fluid
treatment pa?k 1. For eﬁam le, an electriCﬁI c%ndu%t]or 57 in the form of a OT casing 56 extends
e

ucti
radially betwee W\%‘W@% fege rAft(y)]?éﬁn%f:%O% g g’t %e%ﬂ%%’i‘é‘z%'g‘r? CHOCHRES ;/F] gom]%t/gc%%tbcthe fluid
treatment packsobaggeaar@ndogtive porous layer 34, and/or the end cap 21. The moveable electrical
contact 24, e e moveable conductive pin 54, is electrically coupled to the electrical conductor 57,
o the oo R an M A A LT AP ATER TS R BT RS CM PR kit 1 of he
end cap 21 aespémbtoesverfirstrinodi seotnthe osidiuig iknthd fivstdtoghiasa ethieodomaist $rface 55 is radially
farther from the,guteraUdRRe ATB.RF 6 KL BONRARI IR LidfriRERE $RRH RLRHORe the contact

surface 55 is radially closer to the outer surface 45B of the sKirt 51 of the end cap 21. The spring 23

biases the coRAEEFRIISHOE2NRERIRATRA A BERTBESRIVN 0SS TS ERIIRS HnRHIR element 10 of

FIGS 4 and fisipeereon kR @eari A§ Beima st 66 11k ilvifian NEVGiaidbdmiaeSigh treatment
element 10 of FIGS, 1 an1pI 2. For ex?%r%&l@vﬁéer the flu#'d treatment element 10 is mounted to the header

62, the bowl é%%% f%@b@?ﬂffﬁéﬁ% Lﬁ%OPFe%tFHSH%"Sf&m%m 10 and threaded to the header 62.
The moveablpgiertricareriag d4nenbbamratiectrugace haydididaiaeaipmceadsdve pin 54, may

then contact %nd move along a ondu.ctive?Fgortion of the housig 25, e.9..thec d%ctive side wall of bowl

63. As the bot\/\ﬁ‘%%n%sﬂjr”ggi e HEF BHINETHRV, S%dﬁc?l% ?}‘1 MY move radially
inwardly fronbtheediestopositicontaivardrigements esuréqua 4 BAgofaihe hiredbdraund intetbieaasing 56. The

spring 53 biase We MNeRUIBSIESHER] SARIRS! A4RUAT DRI HBAGRE n ARsER g contact

surface 55 of the moveable pin 54 again e conductive side wa owl 63, to effectively and

reliably elect/RRSIHMHBIEEEHE AElicH comirehveraasmentso Y MR NiGE dothe upper end cap 20

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

12



[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. CLAIMS 1. A fluid treatment element (10) mountable in

2 housing (25 e JLipkieAIcyeAs ElestiRbGlOhCOTRKEING: pos AHENL A YPrtegl pack (1) having

first and second axial ends (12, 13) and mcludgg a porous fluid treatment medium (14) having an

upstream sideEXy Aaghsr tﬁ@iﬂf@ﬁ@ﬂ?ﬁ SiEeqa 855 of theskihalsddhREnskfar-2bs! (202 88PRsbunted to the

first and secqiigi eoel3Hd dontak JasReEH/ielyadnd el fstcid ertorentsndstedsh bﬂtﬁé@ﬁfrtﬂﬂlcbﬂ’ﬂhéugh the
porous fluid tre tme é dlum from the ups re mSld 41€é?ﬁthe do(ﬁlag :It@?sme at least one
s

of the first anﬁq 0988 ,b?mavfﬁg a outePSurra )é) WS fom the fluid
treatment pago@sl) andr@mlmcréaméam dhenbishricss éﬂwgfdagh@efmwrﬁf@mmaeh@a@kg@a) and a

spring-biased trical contact arrangeme un d ap (20, 21), wherein
the spring bla.'l,eelé(;y‘8 éﬂ%g]aggﬁrtg&ag?gé%@grﬂéﬁﬁ mﬁééj @)F’Hﬁ%ﬁ 8e g %veable conductive
pin (54) electeicalipl € atistatiad wd leestmeniectshibe lQic meantae i thadleddet 6anitiesiu/ e6Rincapbe20, 2_1),
wherein the rpayEable CORAHMA RIN MRS S RANRARHIRCELPRIAD A BY e RRle s RN 2 first

position wherein the contact surface (55) is farther from the outer surface (45) of said end cap (20, 21)

and a secondFSEEiERSAWITEESh B EaneaiEstPrEasq 55 Pidhasaverblgeonriiel @ prasd 18y BIf8aid end cap
(20, 21), andcwh@temdhﬁos@m@%%bmaéfae%dm biandheuseRAduCte BB deliemastithefrst position to

{ne <pring L 1R AA B LA DA A B L S AT 5 A Pouses the.
spring (23) abd lanajemst/arpmdlbfn rofatuyrironetiel BregradiictiviepandB#)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.

13



2. The fluid treatment element (10) of claim 1 wherein the spring-biased electrical contact
arrangement (22) further includes an electrical conductor (57) electrically connected to at least
one of the fluid treatment pack (11) and said end cap (20, 21), the moveable conductive pin
(54) being electrically coupled to the electrical conductor (57). 3. The fluid treatment element
(10) of claim lor 2 wherein the outer surface (45(;]0?‘%% end cap (20, 21) faces axially and the
moveable pin (54) moves axially between the first and second positions. 4. The fluid
treatment element (10) of claim 1 or 2 wherein the outer surface (3%55 of said end cap %O 21)

faces radially anti A MerEmelimeshs {ibRountahian OOnsEe 47 ke hdiedme

positionse] dpadit€ Ity icbtigaisnant element (10) of any of claims 1-4 wherein the conductive pin
(54) extends through said end cap (20, 21) between the outer and inner surfaces (45, 46). 6.

The fluid treatnfeR? LSHLHE TSRy B Sk Diving diFstaadsecuubieiabrrittive bi 189)

has a roundediceatpstsiriage (RalmantAntididd epimentasss My d28)sepsising @ housing
(25) and a fluid treatméeﬁrjlf element (10) of any of claims 1-6, wherein the housing (25) has a
fluid inleCPIHYSHTE™ FidRi botet (31) and defines a fluid flow path within the housing (25)

between the inlgi¢Bih@atdhe antleidsioandwiareiedtheileit-teaimens clemantt4,0)3s
Pinsos 1TESFNEI LS T04) BrHRRIRISAA I CAAF oAb PSR B et
housing (R&)iuf. (TA foiid dieaispredmss@npl) (26O elaistdamhe Qindbeahasingié BT khe first
comprses SASTOYSHE Rt/ e S 63 s U R Siaes (R oL
treatment pack (11) and an inner surface (46) which faces toward the fluid treatment pack
(11); and
a spring-biased electrical contact arrangement (22) mounted to said at least one end
cap (20, 21), wherein the spring biased electrical contact arrangement (22) includes a spring
(23) and a moveable conductive pin (54) electrically coupled to at least one of the fluid
treatment pack (11) and said end cap (20, 21), wherein the moveable conductive pin (54) has
a contact surface (55) and is moveable between a first position wherein the contact surface
(55) is farther from the outer surface (45) of said end cap (20, 21) and a second position
wherein the contact surface (55) is closer to the outer surface (45) of said end cap (20, 21),
and wherein the spring (23) is arranged to bias the conductive pin (54) toward the first
position to force the contact surface (55) into electrical contact with a conductive portion of a
housing (25), wherein the spring-biased electrical contact arrangement (22) further includes a
casing (56) which houses the spring (23) and at Ieast a portion of the moveable conductive

pin (54).

2. The fluid treatment element (10) of claim 1 wherein the spring-biased electrical
contact arrangement (22) further includes an electrical conductor (57) electrically connected
to at least one of the fluid treatment pack (11) and said end cap (20, 21), the moveable

conductive pin (54) being electrically coupled to the electrical conductor (57).
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9. A fluid treatment element (10) for treating a fluid, the fluid treatment element (10)
comprising: a hollow fluid treatment pack (11) having an inner periphery (32), an outer
periphery (33), first and second axial ends (12, 13), and a plurality of axially extending pleats
(35), each pleat SS%Ah_aving a folded portion (36) and first and second pleat legs (40, 41) .
extending-from M i R XN A QL AT HNEY antihstat %M@r%@fﬁﬁg%@), frsaid
pleated fuiid spatroent PaGks( 3109 MRIISIBGNS RISFEF AU ANV SORPOSI RtRCkifing fRria¥ad
of porous fluid treatment medium (14) having an upstream side (15) and a downstream side
(16) and S¥EBKLRRSUESorous metal layer (34) on one of the upstream side (16) and
downstream side (17) of the porous fluid treatment medium (14); first and second end
caps (20,21) maunted to the first and secaond ends (12, 13), respectively, of the fluid treatment

pack (11¥to dirdAHUHAIEEThE SBFoH S AR ke Pl mEhRIRT S Jeh IHEaGh S hsaid
side (15)didtbapqonstygasessis A{1p snatdeasioosstf the Brstabdesesand epstwanstRtind)

having an outer surface (45) which faces away from the fluid treatment pack (11); and a
spring-biALA SSRGS EYHtact arrangement (22) mounted to said at least one end cap (20,
21) and including an electrical conductor (57), a spring (23), and a moveable electrical contact
(24), wherein the electrical conductor (57) extends Wigﬂ a pleat (35) af the fluid treatment
pack (11 a|ongﬁﬁ§°5§? rEBI O O s E{tj'jigb*sl(ﬁo‘?@‘if)eﬁh’é“?§%ﬁ‘€8ﬁ¥bvaf1|9m (54)
coupled wxtheipaiaugneidl dayenpddD, Wheretw tag hoveablamelasitcal ganiacid 249 extends
beyond the outer surface (45) of said end cap (20, 21) and is moveable toward and away from
the outer surface (45) of said end cap (20, 21), the moveable electrical contact (24) being

electricalty coupltd finiherelaatical @assiustan (of)clandswhereieiéia 81 nevehd) divsasdice
electrical ¢co Z%awa from the outer surface (45) of said end cap (20, 21). 10. The fluid
treatmenP@lZ%ﬁi ? )OBPé/?éﬂﬁ%tWﬁé‘r‘ ffHe duter surface (45) of said at least one end cap
(20, 21) faces axially and the electrical contact (24) moves axially toward and away from the
The fluid treatment element, (10) of claim 9 wher e outer surface

outer surface (é;%) 1%. ? in

(45) of sd at Ih B N TN (R SO PR REA KPP BIANEES oML AT Fbves
radially tefeareha(id) pnean frofcthiensute; stidags (4bhoukzag (15 fihid iraatmendtemend L)iaf
any of claims 9:11 wherein the conductor (57) of. the spying-bia lectrical contac

vt (P2 R RS B G RAT S o ROULEE G BTN 4y At w08t
portion oftibewlecBicphedntheicid4hctiieihetatnasingetheltex®ding fioneoaiiiah Rt aRmg
terggtf;;’fn@l i Pf"%')%_ﬂé“ffﬁ‘i% B3 (5009, ontAcng the PoyoVs metal eyt 3 ke i

the moveable pin (54) against a conductive portion of the housing (25).

8. The fluid treatment assembly (26) of claim 7 wherein the housing (25) comprises a
removable bowl (63) and the spring (23) biases the contact surface (55) of the moveable pin
(54) against a metal portion of the bow] (63).

9. A fluid treatment element (10) for treating a fluid, the fluid treatment element (10)
comprising:

a hollow fluid treatment pack (11) having an inner periphery (32), an outer periphery
(33), first and second axial ends (12, 13), and a plurality of axially extending pleats (35), each
pleat (35) having a folded portion (36) and first and second pleat legs (40, 41) extending from
the folded portion (36) between the inner and outer peripheries (32, 33), the pleated fluid
treatment pack (11) comprising a pleated multilayer composite including a layer of porous

fluid treatment medium (14) having an upstream side (15) and a downstream side (16) and a

15



13. The fluid treatment element (10) of any of claims 9-12 wherein the electrical contact (24)
has a rounded contact surface (55). 14. A fluid treatment assembly (26) comprising a
housing (25) and a fluid treatment element (10) of any of claims 9-13, wherein the housing
(25) has a fluid inlet (30) and a fluid qutlet (31) and defines a fluid flow path within the housing

(25) betSEBAHE FRATEREi bR B PiaR: Rhursirr i sihd R ancloraisicam 115) is

positiongd wyigFithéh foay Sing @8t aeiass diediuitaow path, the spring (23) of the
spring-biased electrical arrangement (22) biasing the electrical contact (24) against a
15 PR

conductive portstSPhEeH 285 (45 ) fyisddadhe i QOdRere 635 iainla
wherein thg,bausing ¢2 Hecomprisesaneprenably kovitd&3andiie gptirgpt2ondmsesfagnent

electrical Cé)d?ﬁ%:t({%? %%a%ﬂgﬁl%s@%% Ei%gi(olr%)otfotphee E):lgvv\&/flng?rse)dm side (16), at least one of the first
and second end caps (20, 21) having an outer surface (45) which faces away from the fluid
treatment pack (11); and

a spring-biased electrical contact arrangement (22) mounted to said at least one end

cap (20, 21) and including an electrical conductor (57), a spring (23), and a moveable
electrical contact (24), wherein the electrical conductor (57) extends within a pleat (35) of the
fluid treatment pack (11) along at least one of the first and second pleat legs (40, 41) and is
electrically coupled to the porous metal layer (34), wherein the moveable electrical contact
(24) extends beyond the outer surface (45) of said end cap (20, 21) and is moveable toward
and away from the outer surface (45) of said end cap (20, 21), the moveable electrical contact

(24) being electrically coupled to the electrical conductor (57), and wherein the spring (23)
biases the electrical contact (24) away from the outer surface (45) of said end cap (20, 21).

10.  The fluid treatment element (10) of claim 9 wherein the outer surface (45) of said at
least one end cap (20, 21) faces axially and the electrical contact (24) moves axially toward

and away from the outer surface (45).

11.  The fluid treatment element {10) of claim 9 wherein the outer surface (45) of said at
least one end cap (20, 21) faces radially and the electrical contact (24) moves radially toward

and away from the outer surface (45).

12.  The fluid treatment element (10) of any of claims 9-11 wherein the conductor (57) of
the spring-biased electrical contact arrangement (22) comprises a metal casing (56) which
houses the spring (23) and at least a portion of the electrical contact (24), the metal casing
(56) extending from said at least one end cap (20, 21) within the pleat (35) and contacting the
porous metal layer (34) of the fluid treatment pack (11).

13. The fluid treatment element (10) of any of claims 9-12 wherein the electrical contact

(24) has a rounded contact surface (55).
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14. A fluid treatment assembly (26) comprising a housing (25) and a fluid treatment
element (10) of any of claims 9-13, wherein the housing (25) has a fluid inlet (30) and a fluid
outlet (31) and defines a fluid flow path within the housing (25) between the inlet (30) and
the outlet (31) and wherein the fluid treatment element (10) is positioned within the housing
(25) across the fluid flow path, the spring (23) of the spring-biased electrical arrangement
(22) biasing the electrical contact (24) against a conductive portion of the housing (25).

15.  The fluid treatment assembly (26) of claim 14 wherein the housing (25) comprises a

removable bowl (63) and the spring (23) biases the electrical contact (24) against a metal

portion of the bowl (63).
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