MODULAR POLYMERI C EM / RFI SEAL FlI ELD OF THE DI SCLOSURE The present
di sclosure relates generally to el ectromagnetic interference/radio
frequencywOnvevdfsersence (EM / RFI) gaskets. Mire specifi caCiryus2eaiesspiesent

di sclosure relates to 5a nodul ar polyneric EM/RFI seal and shield.
BACKGROUND El ectronic noise (EM) and radio frequency interference
(RFI) are the presence of undesirable el ectromagnetic energy in an

el ectronic system EM can result fromunintentional electronagnetic energy
generate in and around the el ectronic system For 10exanple, electrical

W ring can generate el ect MOINE AROPGIY MERIGHFMItRFEOEAZ. Ot her sour ces of

uni ntentional el ectromagnetic energy can include thermal noise, |ightning,
and static discharges. Additionally, EM can result fromintentiona

el ect r omagngtiLps ognemrgyscsosyrm@s radi o signals used for radio and tel evision
broadcasts, w reless conmuni cati on systens such as cellul ar phones, and

Wi rel ess conput efhe pRIMQLikBsurdiiled Fhaatyl t©Nec@bmEMetid iSielfiPosf@dbt 1 n the design
of electronjc systens. P ment o %ponent stem as wel

| .ac f co thin the s
as the use 'SHUSHY BICHFRY® Qfﬂ\@? ) e nlyor r?%%’w‘iﬂfy’ %ﬂ%%rgﬁeﬂldgc?%ﬂ%&lﬁt?sr%l and
reduce the &Mdutahgllynient eMi/BFEsalwhd dhietdne function of the el ectronic system
as well as the EM produced by the electronic systemthat can interfere
with other systens. The effectiveness of shielding and filtering is
dependent ¢ HeR¥Rods by which the shielding 20materials are bonded
together. Electrical discontinuities in the enclosure, such as joints,
seens, and gaps,Elegironigifofse MK pdl ridiciirgasiey intgrferetch ERFEAsuthe Pro®nENf t hat can

breach the §hisghtii ddGirorldVVRRYrdyn ANeIRERECHsterd BABdan 6N AdAe! Ude a seal body
including an _annul ar cavity, and an annular spring within the annul ar

cavi ty. The'GEafon LRy BT er TR oRpYsTIEY e Erioqe system. For

10 example, electrical wiring can generate electronic noise at about 60 Hz. Other sources of
unintentional electromagnetic energy can include thermal noise, lightning, and static
discharges. Additionally, EMI can result from intentional electromagnetic energy, such as
radio signals used for radio and television broadcasts, wireless communication systems such

as cellular phones, and wireless computer networks.

15 Elimination of EMI is important in the design of electronic systems. Placement of
components within the system, as well as the use of shielding and filtering, make it possible
to control and reduce the EMI that interferes with the function of the electronic system as well
as the EMI produced by the electronic system that can interfere with other systems. The
effectiveness of shielding and filtering is dependent on the methods by which the shielding

20  materials are bonded together. Electrical discontinuities in the enclosure, such as joints,

seems, and gaps, all affect the frequency and the amount of EMI that can breach the shielding.

SUMMARY

In an aspect, a seal can include a seal body including an annular cavity, and an
annular spring within the annular cavity. The seal body can include a composite material
25  having a thermoplastic material and a filler. The composite material can have a Young’s
Modulus of at least about 0.5 GPa, a volume resistitivity of not greater than about 200 Ohm-
cm, an elongation of at least about 20%, a surface resistitivity of not greater than about 104

Ohm/sq, or any combination thereof.



25having a thernoplastic material and a filler. The conposite material can
have a Young's Modul us of at |east about 0.5 GPa, a volune resistitivity of
not greatwo 20hzmimwbout 200 Chmcm an el ongation of at IPeadtS2@bost3120% a
surface resistitivity of not greater than about 104 Chm sq, or any

conbi nati on t hereof I n anot her aspect, a system can include a
static conponent and a rotary conponent. The rotary conponent can rotate

relative to the Iﬁsr@thlepasge@m@@@mcan ﬁaﬁhetalsﬁmdoh%@neﬁtand £R%ty @mp&ehd on of the
static corrponent can be with g ortion. of t

e rolt?‘ff‘,’-fy ‘f nEonent or at
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greater than about an_el ongati on of | east about 20% a
surface reshafithaying fzthﬁllm"ﬁléim@?deaaff B thR sHnnebsareteipl A2 ienty SHESor  any
conbi nat i Oth)d'ilﬁj’sefkft least aboutdmyaah v@m@etﬂamhua@pﬁﬁ(tt,greatemnhe@t oo omki ng a seal

can include rr]: gnre 1 10n og%q?eaptgbouiﬂ{‘p asur ac res1st1¥1 1tyrr?aoe[§re]g lit}lal’l agoui_ﬁ(ﬁpog te

material can’inc herno ti'c mat'ert al e conposite
mat eri al0 ca&hhﬂdayeraaymbngh@mm@@l us of at |east about 0.5 GPa, a vol une
resistitivity of not greater than about 200 Ohmcm an el ongation of at

| east about 20%py et arﬂe)ﬁleﬁééﬁéccﬁﬁﬁleﬂq@cﬁdf%{ak&g ysewcaloi‘ncm&tfoﬁﬁ@@tc@sﬁngtm about 104
Chn'sq, or 8% conbi natjon thereof e met hod can further

machi ni ng t WEPEYE PAGY- T%?fmoaﬂeg%w cap REPEs i hermpRfesti e Ery ?{@ 5lﬂ§rpr| ng
within the I;;femﬁrv@snd?ﬂtﬁl BEGCRR PHiroN Mofdufit 2DIRAVONES.5 GPa, a volumEhe  pr esent

di sclosure 1%;& %tl\& g ol?g(gt é%ateHﬂaglea{)? tt 9(%%hnﬁg}1q | glgn%%{‘il({éﬁ of gtl’fgaft agg tt % /e sa and

20advant ages nm rent ose s ref'erencing the
acconpahyi ngrfehe awsfrlfg/sty offfoGgreater thgn gheufj 110f QEmisrtor am C@flb%ﬁme%@ﬂqﬂ aky seal

accordi ng trQetl@da ARG mclﬁéhgg m%hinﬁg%e%ﬁs‘ﬂ%ﬁo Q%S%@&e%ereﬁrh%d@fs%@m& ary seal
illustrated in FIG 1. FIGs. hrough are illustrations of exenplary

springs. DSPTRS Wit e GAOVEY | ustration of an exenpl ary system according to an
aspect. The use of the sane reference synbols in different draw ngs
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The present disclosure may be better understood, and its numerous features and
20  advantages made apparent to those skilled in the art by referencing the accompanying

drawings.
FIG. 1 is an illustration of an exemplary seal according to an aspect.
FIG. 2 is a cross section of the exemplary seal illustrated in FIG. 1.
FIGs. 3 through 6 are illustrations of exemplary springs.
25 FIG. 7 is an illustration of an exemplary system according to an aspect.

The use of the same reference symbols in different drawings indicates similar or

identical items.



In a particul ar enbodi nent, a seal can include a seal body can having an
annul ar cavity and an annular spring within the annular cavity. The seal
body can wochudei1miconposite nmaterial having a thernopl @eTius2omoersial and a
filler. 5FIG 1 illustrates an exenplary seal, generally designated 100.
Seal 100 includes a seal body 102 having an annul ar cavity 104. The annul ar
cavity 104 can be fornmed within the seal body 102 during form ng the seal
body or by wEetiipbngsc@pTasNul ar spring 106 can be | ocated within the
annul ar cavity 104. FIG 2 illustrates a cross section of seal 100 taken

along line 2-2 qf, gdrt@ulallemﬁlm%ﬂ%al%gi 1Hclfde§-sea2bod§%lhagﬁ)§ja\ﬁ atfldarcan include

side walls 108 and 110 and a bottomwall 112 attached to each of side walls
108 and 110°Vig)adargapyia saieng Atk hepenusn g VBot ThSrahddy capiselyesi ne annul ar
cavity 104 dapositgmatridd peitigagheindoplofppsdrbienbotitom wal | 112. Spring 106 can
be |l ocated within the annular cavity 104. Generally, spring 106 can be in

cont act §M th eaq‘lTG qfﬂl%l[r & a%@'}!;elllﬁlal%psga agrggera}%ges?glﬂgte(p%t my mlnlch%%se 15In an

enbodi nent, the seal y can I ncl osite materi al conposite
materi al  cawalipad 1§g bavaperh ampBpieEist li0g¢: ﬁlﬁtaélﬂlaéPaVl% H¥trams farped pghinder i ng or

hi gh perf orgmms@ fob @B RIrASE e sRObMBF by neKiniBX A InGulartshiensti DEsABP! ast i ¢
mat eri al de a such as a pol yketone, polyaramd, a

I r
t her nopl ast ?f“e 8‘11 e U?aé Py %pe“t herimi de, a pol yphenyl ene sulfide, a
pol yet hersul fone, a pol ysul fone, a pol yphenyl ene sul fone, a pol yam dei m de,
ul tra 20hi gh nolféCiustrytesiaghss poloyef eyl @hekenalonhiare?elpifd¥i.ilc Af bhownopol ymer

a pol yapy de;, pf;. IQOSJGM l%@d%'of’bﬂ%ﬂh@ s1de3w411k ‘Pd%;' a‘Hd SIoVRd 2borBAWATET2 att%hec?-t'ay
conbi nation thereof. I'n an exa ernmopl astic material 1ncludes a

pol yket one, cagh Gl &pllirPHpmd 4 Ih ) q&“ﬁﬁﬂgmagiHBPVEPH@PV%?H@‘b@wﬁﬁmyénldelnlde
a loolby phe nyd;elrya 0% uAvﬁﬂgde opeRinf oiw@b@nyﬁﬁ?ﬁ wallh f20 rsgrr%gal 06 taa®E @patymer, a

pol ybenzi m er eo .conbi n . Ina
bol ybenzl m dfol ey, Serl i} R URCLE0t o, @ combunat) on gheregl. In 2
as a pol yketogme] 118 atdtettorophlasi2zi c pol yi m de, a pol yetherim de, a

pol yphenyl ene sul fide, a polyether sulfone, a polysulfone, a

pol yam gei m de, RaAebyiRkiMee LNBLEUhn mOlded SAPRINAEAN TResRkiel N @ further
exanpl e, the thernmppl astic material includes pol yketone, such as pol yet her

et her ketoHEM?PEERYNMSHV§%PH@%“R@?@H%SW%G?V@Pﬁ@?ﬁﬁﬁFéﬁépﬁgFBﬂﬁe pol yet her
ket one ethathQMQHGWKﬁﬁﬁnﬂxeﬂmﬁﬁﬁhwﬁ&hmﬁmmhﬁﬂ@@ﬂnmﬁmdﬁﬁaIﬁQﬁbﬂmﬂhlOn
thereof An exa e?on Lher r%) 1|das Irr% flas? odp 1 etﬂerlfﬁg% ofl H elgleat ed

et hyl ene propﬁ? fﬁﬁ?ﬁ 61 % et arii é F%ﬁ ﬂ) yV|nyI|dene
fluoride (PVDEY, applwhdr&yb‘or@aa ﬂobasn}lfO(lPEmlyphanyﬂ@P p{bﬂompolmmdelmlde ultra

tetraf | yor oglfyhi&Dg: wé?gesaé@ed{?regmmeﬂﬂosﬂﬁm RN, 1@ Ref buori de (THV),
pol ychl orotrifl uoroethyl ene CIFE) hyl ene tetraPIuoroetherne copol yner

(ETFE), et WpPemeafirgf S PR ORY RS S OBBBRYRerecEdT pRyample, the

thermoplastic material includes a polyketone, a polyaramid, a polyimide, a polyetherimide, a
polyamideimide, a polyphenylene sulfide, a polyphenylene sulfone, a fluoropolymer, a
polybenzimidazole, a derivation thereof, or a combination thereof. In a particular example,
25  the thermoplastic material includes a polymer, such as a polyketone, a thermoplastic
polyimide, a polyetherimide, a polyphenylene sulfide, a polyether sulfone, a polysulfone, a
polyamideimide, a derivative thereof, or a combination thereof. In a further example, the
thermoplastic material includes polyketone, such as polyether ether ketone (PEEK), polyether
ketone, polyether ketone ketone, polyether ketone ether ketone ketone, a derivative thereof, or
30  acombination thereof. An example thermoplastic fluoropolymer includes fluorinated
ethylene propylene (FEP), polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF),
perfluoroalkoxy (PFA), a terpolymer of tetrafluoroethylene, hexafluoropropylene, and
vinylidene fluoride (THV), polychlorotrifluoroethylene (PCTFE), ethylene
tetrafluoroethylene copolymer (ETFE), ethylene chlorotrifluoroethylene copolymer (ECTFE),
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or any conbi nation thereof An exenplary liquid crystal polynmer includes
aromati c pol yester polyners, such as those avail abl e under tradenanes
XYDARO ( ANDC031/04VBBCTRAO ( Hoechst Cel anese), SUM KOSUPERPRITAIS2EKARGILIT M
(Sum tono Chemical), DuPont HXTM or DuPont ZEN TETm (E. 1. DuPont de
Nermours), RODRUNTM (Unitika), 5GRANLARTM (G andnont), or any conbination
thereof. In an additional exanple, the thernoplastic polynmer nmay be ultra

hi gh ol eculraky dweib@Mon BREYEtAN&Rary liquid crystallpdiinee HBIQgHs B Rktic o8t omposi t e
material can_ further conducﬁ? rove conductivity, such as

metal s and FRESTS: P g5yhose acY?.)l ]ﬁé‘f“Ieif/téadﬁ%?Fﬁ%glegg@éA%ctoérlengEA®cer am cs such

as bori des (alnebhﬁa]ehne(sl@ﬁUMIlKC&WEKmEK@NDD?T‘ (Sheit@ef Cenicaln Deranpl e, netal s

and netal 10ahl ] i ld...nickel, silver,
9ahd QYerGPElREES, @JpSﬁ?ﬁgF@%u?&@;iﬁ%@g S(ngFﬂg :

al l oys thereof, or any conbination the e onductive
car bonac5eoL@W@@R‘i%ﬁ@nwr)udénmmb@ﬁwﬁ ithb@r)fs In &) adiforabaxbyopic. flicber s,  PAN

carbon fi beh§meRALP AR BSS: higahARMa tbd@ﬁt@en&arbon bl ack, graphite,
extruded graphite, and the like. Additi onal t he conductive carbonaceous

materials can includ fibers ber coat.ed with vapor
et ert 2l s can | eLude SRLROD, GBSt and BOIEr LLBEL S corLed M L1 Ve
ceram cs camnduidlitydectre medE$ncblnda1@HHyb,lcdt&l&ctwAdﬂbctnac@malrﬂa;p;ﬂals heagier am cs can
be coated offigRs e CRUALES. o orlly B e B PEPOM AN iEmEgnduct [ ve

filler can i sper sed he cog@ga te materia Conducti ve
fill erslGarelpe %ﬁplwwn%alwﬁw@a@@ vipkel. cibyivd eltoys Bires)s st dREbiBivposi t e

material . Aﬁer@dﬂcﬁxambféﬁoﬂ‘c@m&ﬁ;% ca®onfidebsMateBARNInPIAWE aBOn BdeRCifel Gabonl €SI StiVity
such as. not 20greater. .than about 0.01

of not grea er n ab ohm
ohmcm eve %Aqﬁ?aéb&l Tt ﬁaé E %esecaé??f YRR Ehfarbon laic ERPYS exenpl ary
enbodi ment , extrined gmpmte,smndi the it evddiabnailncicwdenctat cdrigastcodbattiald@nOwt %

duct de at | t
conductl Ve BUbL ST R SRR S, ARTRASH PRI Lok TRY T puCe 2t | eas

filler,lat tegsindalsdise. @@mgkﬂn%ceramcst @a grelughwutles 7ol @kidvy. Aslditiogadls, at | east

about 75 Owh PeeRimids R &Q@Qé&%‘if bop8d Edrdnli®r a"ﬁﬂ@ﬁ(lﬁremb&ﬁl‘ﬁent 2R Smehikesi stivity
nodi fi er nact;é adversel y .i nfl uence physi cal nechani cal properties. As

such, the 81§| t @nehﬁPsé’Fr?eéllmﬁﬁﬁhei Cr‘iE‘P‘ffH"emﬁfﬁal QQ‘E‘Q‘{CEYe flsseout 95, owt %
conducti ve dnipldyaf tp isteeds t}&&omttwgy etahﬁfomb&aﬂmaﬁmtA%c}DWb Gondtictinot gr eat er

t han about %.conductive fi the conposite

mat eri al ma{il?elr \Aﬁiavégn ﬁol{rlcarrgszlatwnyq[fﬁmr%r %rt%na%%u%@ ﬁ}ng?‘ Stuﬁl}aasconductl ve
filler.2qn geayathup %hghtd)rm@klaml een pdh eregtontipo 9bquel.pEtobmical i ncl udes t he
conductive 30filler in a range of about 40.0wm %to about 75.0wm % such as a

range of about 5%@%%1&9 e@RRAent! Bre @M«ﬁp%me%ate@meﬁu@@mteaﬁﬁboewo%vm about
75. 0wt % duct i e fillers can. fncre?se the (5 of current
S S

to pass t hrcé’ﬂ(&ﬁt“fe o8t %ﬂ‘r‘?ﬁ?@?o“éq ARG BHANHE f‘té%f‘été‘ ?'“Fl fductivity
the seal . |ondcparfilecuklass aekidodon®nDwivt fvedwonpost, tideasmber balwitian have a

vol ume resi i ‘65&&50 %mdng]w&{a‘?%& Lo AW &)QQucﬁ%L'Hu% Hﬁéﬁ?&as not

greater t han about mcm even not dgreater t
25  much resistivity modifier may adversely influence physwal or mechanical properties. As

such, the composite material may include not greater than about 95.0wt% conductive filler,
such as not greater than about 90.0wt% or not greater than about 85.0wt% conductive filler.
In another example, the composite material may include not greater than about 75.0wt% of
the conductive filler. In a particular example, the composite material includes the conductive

30  filler in a range of about 40.0wt% to about 75.0wt%, such as a range of about 50.0wt% to
about 75.0wt%, or even about 60.0wt% to about 75.0wt%.

The conductive fillers can increase the ability of current to pass through the
composite material and can increase the conductivity the seal. In a particular embodiment,
the composite material can have a volume resistivity of not greater than about 200 Ohm-cm,

35  such as not greater than about 100 Ohm-cm, even not greater than about 10 Ohm-cm.
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Further, the conposite material can have a surface resistivity of not
greater than about 104 Chnisq, such as not greater than about 103 OChni sq,
such as w0 2grigat 1 t han about 102 Chm sqg, even not gre&Cemustéansshbout 10
Ohn'sq. I n an enbodi nent, the conposite material can be an el astic
material. A Young's 5 nodulus can be a neasure of the stifthess of the
conposite material and can be determ ned fromthe slope of a stress-strain

curve dlur i nlglrtﬁerttﬁ@@)iﬂg@slﬁ esferiQ eanalla&aamIf@e Q:Eilsttvﬂ? oﬂﬁ% @Edt@khan et 100 npoﬁi te
materi a can ave oung' s nodul u t ast about such as at
| east about OV @9]%135 “'Sh%%teé@a%g)ol”e@%&‘H@%ﬁ‘fﬁgs gt @g’a&erﬂ@% uE\ltogll east about
5.0 GPa. Ohm/sq, eveh Rot@reatenthacibere hi Qhrt/le conposite materi al can have a
relatively | ow coefficient of 10friction. For exanple, the coefficient of

friction of the Iﬁmalh%t%o%&b@shte £ EnHQ b 8£sﬁ@£1§t£na‘i h@%ﬁ@%‘lt 0.4, such

as not gar eater than about .2, even not gr eater han about . In
anot her enbBeiuie fn be & Fgasgis ﬁf)"é‘)% ftifiaesyat thy qoalum%ﬁla‘%} andzpan g déter%qdy hi gh

el ongat i on. frdnOthe QX%RTPA ﬁresstslf}@lnﬁtﬁﬁm&hé Lteibit REtioAh @@ dﬂalwlaaﬂﬂetmgatl on of
at | east about O(V% east

bout . 40% e bout 50%
T5in an entotPREREreghEnaRr g esnmsuRRL S VPt ot ST nE Gesi gns.
For exanpl ea,bomth@@prmdgsadwsb@ox@@&ﬁ’hedemlehstgpnusrﬂgﬁPaa Ushaped spring, a
helical spring, an overlapped helical spring, or the like. Additionally,

the ends of the Sprigdsan, tp@ecolngbsm@ga&@ﬂ%h@\r@ar%{pv@ly%%v&@ff%h@rng, to form
an annul ar sprin FIG 3 i1llustrates a canted coil ring 300. The canted

coi | sphl ngTiFiey g?ff&ané’levth é"egﬁé’nttqﬁQTCtli’%"fél&CP%EPS]Eedmft‘iﬂa a&éﬁlﬁ%&f@% spring
300. FI G 4thinl doois v A @sas 20 @rcklesthap®elit 8 P dverOnod 86ater has lapexi sspri ng 400
includes a netal ribbon 402 forned into U shaped spring 400. FIGs 5 and 6

illustrate a helyj hhlsagﬂ)i()(ﬂﬁlelﬁqge (]%ngosﬁé‘m%ﬁaﬁ %ﬁ E\%‘l ﬂﬁ 6 als %18{@@%600

respectl vely. In I ca pring 50 e over appe elical
spring 600, For P@@@hsthes@@pa%me@zal eanaen flongrEen ¢fiat lepsebpié PY'catbchelgipe. The

ri bbon can bav@om 4bdadved £ GhaRH Ak, Or near rectangul ar cross section. Wile
ri bbon 502 may be fornmed into a helical 25shape with a gap 504 between
adj acent w ndi ngs. of .t he etLl cal aﬁ)ﬁe'aqq oneoQVar“ bbon n be formed into

c
a helical shape V\nl}%mb()dl es@fl%c over 10%%’“?)%&1% Wi e dﬂng of the
over | apped thedpricadan §pr ¢anigd @@Bpnﬁﬁh@U@hﬁecd sapngaehdueéémrad,jaa@eqnlapmﬂ ndi ngs of the

over | app6d ﬂ%ﬁ&a‘l &)@ihg, %pt'ilé Ra. &@cﬂwﬁﬁlybﬁ@ WRELE tl?eQBM{g cgrpb@ﬂiﬂtgl t@é@@l&t su%lgaéo of the

width of the rib In an embodinent, the spring c¢an include a conductive
material , sltfdwldéﬁs faf%taaﬁnnalrar Rring Gt Iystraps agymtedaed sivisg A00- s gytedan be a
stai nl ess sdo@@pring trcRORRENIre3b] @) igsddgéa t@forrl €dnyelt kdi L €OPP eFIGaN diustrates

copper-¢ghro m zi nc_ al ! t el Ni 220, and
hyhox. 2oy Tkl Y Rl PP o Bl o R L R LGNtk i ot ng
nmet al , suchshgsd going 400 iFi(s Srind k @lustragi al helgnal springaity agicmiovaniapriedhelicdier eof I n an

al ternati V& ﬁﬁ%glrmvel o3RRG a@%ﬁng%ofa&?&ﬁggveﬁ %&9&%%‘3{156 ated with a

pl ati ng met a Yanot her . enb seal can as a
gasket or s@kPsiSH gnd 684 @éﬂ’?@ﬁﬂ@“@%b@ﬁ%lﬁp? eldg Ekbopay IRF 2 Bghd provi de a

chem cal regétsle@ftor 8RY @B sS&3 WHilB riBoon 502 may be formed into a helical
25  shape with a gap 504 between adjacent windings of the helical spring 500, ribbon 602 can be
formed into a helical shape with each winding overlapping the previous winding of the
overlapped helical spring 600. The overlap between adjacent windings of the overlapped

helical spring can be between about 20% and about 40% of the width of the ribbon.

In an embodiment, the spring can include a conductive material, such as a metal or a
30  metal alloy. The metal alloy can be a stainless steel, a copper alloy such as beryllium copper
and copper-chromium-zinc alloy, a nickel alloy such as Hastelloy, Ni220, and Phynox, or the

like. Additionally, the spring can be plated with a plating metal, such as gold, tin, nickel,



S5particul ar enbodi nent, the seal can be placed between two parts of an

el ectroni cs enclosure, such as between a body and a lid. In another

parti cul awvoentiodiTsent, a seal having a | ow coefficient @eCTfuseawiosrsizan be
used between a static conmponent and a rotary conponent. Preferably, the
ends of the spring can be wel ded together to prevent the formation of a gap
in the EM/RFI shielding. Alternatively, the ends of the spring nay not be
vel ded, butsiicad: £ cd:ha6eHered 08N kRGN AMBINh W7 dahB: hRegBE | ON Of a
gap. FIG 7 |IIustra an exe Iary system 700. System 700 can i ncl ude a
static conpoifeme #g's ﬁﬁ%a&m ng ng component 704. The rotating conponent
704 can rotate relative to the static conponent 702. The system 700 can
further include lnamthal enip0Empitalcedal et waexd at hgsist atspat ingomiggrvennt 702 and t he

rotating CO&R&H%@EduZQﬁ‘I\/H/ﬂ‘I%é&@%de Qe redBtank il hh fal §e91 $eal 100. 1n an

enbodi nent, "t he seal can act to prevent environnmental contam nation,
such as by Misplar f—wézefément»élpféﬁal ¢4 bs plaged detaveengpo payig of qnigksctrqnicy giclOsE@r i ng i nt o

or exiting gulslﬁaswt%@mbb&yra@wlhdtlhanmppd@t&ilme@ﬁboalhﬁmsdsaimq@wfgqrmonent 702 and
the rotatin %ﬁ% qg Fﬁnt 70 gq;glona t he se ? 706 can act to reduce
EM / RFI f r ot AP FEEE THY CHer S PR & %"ﬁp‘”ﬁe& PROMTHhE LY em 20The seal
can signlf|hammwytMﬁﬂwnéﬂEM@mebaﬂEM@WEgmgMWchNEﬂgﬂwammewnofmwﬁsathrough
the space btﬁé mpﬂFItsﬁsldggoAP&{atl§elythetml;tﬁ oA ﬁ)&ﬁ%’x&gy ol w AR &a bd he seal may

attenuate the el ectromagneti c energy passi rough the 'space by at | east
-70 dB, 105ucﬂia°a%°1%ﬁ“qg@h§tt0m18®@8hef%ﬂ‘ﬂ‘éﬁﬁ%ﬂ y, the seal can have a
substantially constant attenuation over a range of frequencies, such as
bet ween about 1Mﬂl%databﬁuienﬁﬂ@sMﬁn7®5-§Wd&ﬂmcirﬂndhli'tﬁa@ﬁﬁd’lod of maki ng

t he seal, the theggpglastlc naterl 4aqgem er cantQﬁ4%ngggunded or

darotatihg com onen ating_compponen
extruded, such &s in ESCrew ex 1% °F'8 e conp05|te materi al .

COnpoundingﬁb@wt¢ﬁch@d@m@mmbﬁémbdhpm@wdﬁwgwaﬁdmsheaﬁeWﬁxrwgphﬁﬁternat|ver

the ther moplaati e MRkRbh mﬁﬁ@h&@%eﬁhhﬁg&mﬁ@&mpﬁmbkﬁﬂ9§d®6éﬁﬁ@ as in a
Brabender m xer, or can |l ed, such as dry mlling or wet mlling to

form t he covpigsioser! heft &y wmbodmémd%%%gpé @HS%FPd%T%VP?tﬁPVl@aTHG% shaped. For

exanpl e, thenearpQs due my @i, dhte ArmRls BXdek, lédﬁé'hkeNr(BrﬁEtﬂ@ﬁqg\dﬁJ()t the
coMpOSt Lo ML SLLaL 2B PLESSRd IO 2100, A0d P er ed A L onaly,
The spri ng @anotet 70Hseddit@daliynthosctiVe6 gnocweredice EHEREaIm 4iBding then an

embodi ment, . the, ﬁgﬁﬁﬂﬂgﬁ&ﬂgwxﬁ&hpg can be wel ded prior together prior to
i nserting into the groove Sanpl es are tested according to

M| DTL_83528-C to determ pne volune resistivity. The results are provided
in Tabl & 1 The seal camgigyicantly PRCHPEPSHEIBY P ERACHY BSPFREEMIT h a 4 wt %
carbon fil | ®lice bAwkdnltheatvo pSts Of ¢ deldsudy HoDdxappleSisd siq may attenuate the

electromagnetic energy passing through the space by at least =70 dB, such as at least —80 dB.
Additionally, the seal can have a substantially constant attenuation over a range of

frequencies, such as between about | MHz and about 600 MHz.

25 Turning to the method of making the seal, the thermoplastic material and filler can be
compounded or extruded, such as in a twin-screw extruder, to form the composite material.
Compounding can include double compounding and shear mixing. Alternatively, the
thermoplastic material and the filler can be blended, such as in a Brabender mixer, or can be
milled, such as by dry milling or wet milling to form the composite material. The composite

30  material can be shaped. For example, the composite material can be extruded. Alternatively,
the composite material can be pressed into a mold and sintered. Additionally, the composite
material may be machined after shaping to form the seal body. The spring can be inserted
nto the groove of the seal body. In an embodiment, the ends of the spring can be welded

prior together prior to inserting into the groove.
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Sample 2 is prepared as Sanple 1 except 12 wt % carbon filler
Sanple 3 is prepared as Sanple 2 except 20 wt % carbon filler
Sanpl e 4 wWe 2priggarsed by bl endi ng PTFE wi th 40 wt % ni ckelPCpasden/05¥319i | | et
is formed by cold pressing,
as Sanple 4 except 50 w % ni cke

Sanmpl e 4 except 55 wt % ni ckel powder

by bl endi ngePINtl ¥ t h graphite powder.
foll owed by sintering.
15Table 1 Vblugpm
Friction Sanpl e 1

10

15

20

sistivit

7.6 5y

The results are provided in Table 1.

foll owed by sintering.
powder
I s added.

A billet

10Sanple 5 is prepared

I s added. Sanple 6 is prepared as
Sanple 7 is prepared

is formed by cold pressing,

Sanple 8 is an ETFE with a carbon filler.

%rc&n%}MIBTL%39&g@%oidgtg ir? Vog'(r)n%frefsést(lz\;it?l.nt of

Sample 1 is prepared by blending a PTFE with a 4 wt% carbon filler. A billet is

formed by hot pressing.

Sample 2 is prepared as Sample 1 except 12 wt% carbon filler is added.

Sample 3 is prepared as Sample 2 except 20 wt% carbon filler is added.

Sample 4 is prepared by blending PTFE with 40 wt% nickel powder. A billet is

formed by cold pressing, followed by sintering,.

Sample 5 is prepared as Sample 4 except 50 wt% nickel powder is added.

Sample 6 is prepared as Sample 4 except 55 wt% nickel powder is added.

Sample 7 is prepared by blending PTFE with graphite powder. A billet is formed by

cold pressing, followed by sintering.

Sample 8 is an ETFE with a carbon filler.

Table 1
Volume Resistivity Elongation Coefficient of
(Ohm-cm) (%) Friction

Sample 1 27.6 297

Sample 2 2.61 167

Sample 3 0.76 153

Sample 4 0.55 220

Sample 5 0.010 165 0.28
Sample 6 0.0047 130 0.26
Sample 7 19.1 170

Sample 8 0.31 14

Note that not all of the activities described above in the general description or the

examples are required, that a portion of a specific activity may not be required, and that one

or more further activities may be performed in addition to those described. Still further, the

order in which activities are listed are not necessarily the order in which they are performed.

In the foregoing specification, the concepts have been described with reference to

specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the invention as

i s added.
i s added.




Sample 2 2.61 167 Sanple 3 0.76 153 Sanple 4 0.55 220 Sanmple 5 0.010 165
0.28 Sanple 6 0.0047
WO 2011/041781 PCT/US2010/051319

set forth in the claims below. Accordingly, the specification and figures are to be regarded in
an illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of invention.

LIS LI LI

As used herein, the terms “comprises,” “comprising,” “includes,” “including,” “has,”
5  “having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, method, article, or apparatus that comprises a list of features is not

necessarily limited only to those features but may include other features not expressly listed
or inherent to such process, method, article, or apparatus. Further, unless expressly stated to
the contrary, “or” refers to an inclusive-or and not to an exclusive-or. For example, a

10 condition A or B is satisfied by any one of the following: A is true (or present) and B is false
(or not present), A is false (or not present) and B is true (or present), and both A and B are

true (or present).

Also, the use of “a” or “an” are employed to describe elements and components
described herein. This is done merely for convenience and to give a general sense of the
15  scope of the invention. This description should be read to include one or at least one and the

singular also includes the plural unless it is obvious that it is meant otherwise.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any feature(s) that may cause any benefit, advantage, or solution to occur or become more

20  pronounced are not to be construed as a critical, required, or essential feature of any or all the

claims.

After reading the specification, skilled artisans will appreciate that certain features
are, for clarity, described herein in the context of separate embodiments, may also be
provided in combination in a single embodiment. Conversely, various features that are, for

25  brevity, described in the context of a single embodiment, may also be provided separately or
in any subcombination. Further, references to values stated in ranges include each and every

value within that range.



130 0.26 Sanple 7 19.1 170 Sanple 8 0.31 14 Note that not all of
the activities described above in the general description or the exanples
are requiweadyitdaarsia portion of a specific activity nayPaotusb@onecpud r ed,
and that one or nore further activities nmay be perfornmed in addition to

t hose described. Still further, the order in which activities are |isted
are not necessarily the order in which they are perfornmed. 20In the
foregoi ng specification, the concepts have been described with reference to
speci fi c enwadirneotsiME#wever, one of ordinary skill in the art appreciates
t hat various nodifications and changes can be nmade w t hout departing from
the scope of the i jon.as set forth in the clains below Accordingly,

t he specificatighAgﬁﬁg%hﬁﬁ?'s are to be regarded in an illustrative rather
than a restrictiave! sehigwludiggen anplarspdt. thowt PPéathe smkbody Bcli¢itgnded to be

included within the 5&%@&&@@1}&%@ @tﬂemegaslu&ﬁ@kemglﬁi aﬁmelt, e %(Inﬁbﬁﬁ
"conprises," "conprising,"” "includes," "including,” "has," 5"having" or any
ot her vari ation thergﬁ?gﬂgﬁé'*WW%%M@%mF8%%3@%?“39%%ﬁ?%§@Fﬁ@?@% i ncl usi on
For resistitivity of not greater than about 200 Ohm-cm; and

an annular spring within the annular cavity.

2. A seal comprising:

a conductive spring; and

a casing surrounding the spring, the casing including a composite material having a
thermoplastic and a filler, the composite material has (i) a elongation of at
least about 20% and a volume resistitivity of not greater than about 200 Ohm-
cm, or (i1) a Young’s Modulus of at least about 0.5 GPa and a surface

resistitivity of not greater than about 10* Ohmy/sq.

3. The seal of claim 1 or 2, wherein the composite material has a coefficient of
friction of not greater than about 0.4, not greater than about 0.2, or not greater than about
0.15.

4. The seal of claim 1 or 2, wherein the composite material has an elongation of

friction of at least about 20%, or at least about 40%, or at least about 50%.

5. The seal of claim 1 or 2, wherein the Young’s Modulus is at least about 1 GPa, at

least about 3 GPa, or at least about 5 GPa.

6. The seal of claim 1 or 2, wherein the volume resistitivity is not greater than about

100 Ohm-cm or not greater than about 10 Ohm-cm.

7. The seal of claim 1 or 2, wherein the composite material has a surface resistitivity
of not greater than about 10* Ohm/sq, not greater than about 10° Ohm/sq, not greater than
about 10> Ohm/sq, or not greater than about 10 Ohm/sq.

8. The seal of claim 1 or 2, wherein the thermoplastic material includes a polyketone,
a polyaramid, a thermoplastic polyimide, a polyetherimide, a polyphenylene sulfide, a

polyethersulfone, a polysulfone, a polyphenylene sulfone, a polyamideimide, ultra high
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exanpl e, a process, nethod, article, or apparatus that conprises a |list of
features is not necessarily limted only to those features but may i nclude
ot her feawvones/moslexpressly listed or inherent to suchPprasess/,stset hod,
article, or apparatus. Further, unless expressly stated to the contrary,
"or" refers to an inclusive-or and not to an exclusive-or. For exanple, a
10condition A or Bis satisfied by any one of the following: Ais true (or

present) andoBulaswéi t§&ye(ﬂ@|[en@@&heﬁﬁ@ﬁ&r&tfmom&l}rﬁer fa?bk}ﬁmﬁ@'é not present) and B
is true (or ﬁmesen A and B are true present). Al so, the use

and
of "a" or "BRAC4EIE ﬂﬁPBVgﬁmﬁﬂmﬁg%@Pﬁﬁé el ements and conponents descri bed

herein. This is done nerely for convenience and to give a general sense of

the 15scope of theyl ayeatian, wﬁé?én%thgﬁél%blamc%org&%eﬂmaﬁ?eg faflndg, | nol ude

one or at |east one and the S|n%é ' so inclu ural ess it is
obvi ous t hatthylene prepyisea (REP Polgteiitigerocthylene (PTBE R aflytinylidge H@rﬂdae’\)\’é?ﬁﬂ -ages, and

S?TL u:j i ons t&rfﬁbﬁ@lk&lﬁPm,\/ﬁg’@&?f?er@B@@A’ﬂu&@@{hﬁ&@\/Iﬁxa\ﬂh&rbprliﬁgaﬂé énd O SE?CI fic g
enbodi nent s., wever, efits, advanta tions to problens, an

any featuré?’?gﬁﬁéﬁﬂﬁﬁbqggd? °QW§Uﬂ€ﬁ$ﬁ?‘megﬁﬁg E’ “or solution to occur
or becone noiralu@Opiydmo upoleolerd EEFE)Ofthylene dﬂlk)r(ﬁtﬂﬂlﬁ)td’eﬂn@dnmpﬂym (RATEE), ,

required, of., &h%kﬂkﬁggure of any or all the clains. Af ter
readi ng t he S%§C| Ication, skilled artisans will appreciate that certain

features are, for clarlty, described herein in the context of separate

enbodi nents, nmayarEGed 6f i@V ot &hidin @RIHENALUdSN L doRduatieifilgl € enmbodi ment .
Conversely, various features that are, for 25 brevity, described in the
context of a single enbodinment, nmay al so be provided separately or in any
subconbi nat i on. Fufhesed of dahdb.evicrn thegondattive Sllgtimtudes chthor dhvgesutioncl ude each

and every V@rJeH aWoﬁ rt%lets wphlrteaﬂlgtgﬂlc ﬁl\{&ﬁgcﬂ a§b1gnﬁ%| %Bm!lé and other metats: A S eal

conprising: a seal ncl uding an annul ar_ cavi t he seal body, the
seal body i¥éMhgarinys gl%b?f%sfiﬂﬁré e eeteq Ferppaillag n%fta{ Pf@wﬁﬁ?iy%tﬁﬂler&nat eri al
and a fill efrant Bebeompesiche material has a Young's Mdul us of at |east
about 0.5 GPa and a volune resistitivity of not greater than about 200

OGhmcm and an annul ar spring wthin the annular cavity. 2. A seal
conpri si ng: 12. The seal of claim 1 or 2, wherein the filler is finely dispersed within the

composite material.

13. The seal of claim 1 or 2, wherein the annular spring includes a canted coil spring,

a U-shaped spring, a helical spring, or an overlapping helical spring.

14. The seal of claim 1 or 2, wherein the annular spring is in the form of a helix with

a plurality of windings.

15. The seal of claim 1 or 2, wherein the annular spring is a closed loop having an

annular shape.
16. The seal of claim 1 or 2, wherein the annular spring includes a conductive ribbon.

17. The seal of claim 16, wherein the conductive ribbon includes first and second

ends welded together.

18. The seal of claim 16, wherein conductive ribbon has a width of between about

0.060 inches and about 0.300 inches.
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a conductive spring; and a casing surrounding the spring, the casing

i ncluding a conposite material having a thernoplastic and a filler, the
conposi t evoebava4aisihas (i) a el ongation of at |east aborCTAB2I1an61329 vol une
resistitivity of not greater than about 200 Ghmcm or (ii) a Young's
Modul us of at |east about 0.5 GPa and a surface resistitivity of not
greater than about 1040hm sq. 3. The seal of claim1 or 2, wherein
the Cormosi te mabericatal bﬂﬁaiﬁ1@Q@Jelfeineﬂe@ﬂﬁu1@§prfng h&slalc6iNdiRher? s @aeat er than

about 0.4, not greater th or not greater than about O0.15.
4. The seanBwﬂ%WépﬁfTe F%?#%WH@FQVWePW?nconpOS|te material has an

el ongation of friction of at |east about 20% or at |east about 40% or at
| east about 50%20 The seal oﬁclan;ll_h@ Vﬁl@l%il’l tl%fcoﬁ:hl%gl:rjrs l%'fwe%n ab\M?tQ)rO%b chﬁelg'e young' s
Modul us is at |east about Gﬁa at least a a, or at |east about 5
GPa. ang abopH258 @ghesof cIa|n11 or 2, wherein the vol une resistitivity
is not greater than about 100 Chmcmor not greater than about 10 Chmcm
7. The seal of Ia 0% has a surface
resistitivity ofCZ njg%e i 8 Ctl*“rh 1% remt%%“dt“&lf E%ﬁrr?s aef‘hl%?)sts O%brel[ewaefjer t han about
103 ChnisqzmmowOg3edmemwmhwn0abbmm%102 Chnisq, or not greater than about 10
OChm sq. 8. The seal of claim1 or 2, wherein the thernoplastic
mat eri al includes a polyketone, a poly aranld a thernoplastjc polyimde, a
pol yet heri mi de, 2& P¥ISiRESAIR & frevheigimeepyactiva ribhiop jrdpresd @i 4 SH&lapniignol ysul f one,
a pol yphenylegnecssiul f one, a pol yam dei mi de, ultra high nol ecul ar wei ght
pol yet hyl ene, a thernoplastic fluoropolyner, a polyam de, a
pol ybenzi m dazol e, or any conbi nati on thereof 9. The seal of claim
8, wherein the t2AeFropl astdin 22.wheicnplesi oy priepringiclicrdiecs! bpy aoririantisdncet hyl ene
propyl ene (drBEReenRBbuY bt LRfabdiei@ebMd @@ (PTFE), pol yvinylidene fluoride
(PVDF), perfluoroal koxy (PFA), a terpolyner of tetrafluoroethylene,
hexaf | uor opr opyl ene, and vinylidene fluoride (THV),
pol ychl or ot ri f | Rér Sietska biaem (| BCT RMEreinétehydudn epring tsf@fmkdioraoetadhyd e copol ymer
(ETFE), ethylene chlorotrifluoroethylene copolyner (ECTFE), or any
conbi nati on thereof 10. The seal of claim1l or 2, wherein the filler
i ncludes a conductive filler. 11. The seal of claim 10, wherein the
conductive fill es. TRGtddESiGal R@Brehithd @i allo§ afchas afnidR@hBoy, £ahp@n particl es,
i fillers suc h as bro al um num and ot her netals and

hi t i
?LZPrIaFIOSEOWﬁ%#%ﬁWB %85m¥??15?@m¢%§szecoated carbon fillers, netal

coated polyner fillers, or any conbination thereof. 12. The seal of

claiml or 2, W@@r ?ﬁe’leaﬁ B?clafnhlzlj %rheﬂeﬁq tﬁan&@kmllw RARE S, RiBo t he conposite
materi al . . The seal of claiml 2, wherein the annul ar spring

i ncl udes a %ﬁﬁﬁ@ﬁaﬁbvmm§ﬁﬁmﬂﬁﬁoé U-shaped sprlng a helical spring, or an
over |l appi ng helical spring. 14. The seal of claiml1l or 2, wherein

t he annul ar sprlgngs in.the ra |t¥ of wi ndi ngs.

I
15: The seal “or o Bard Pyt 20 Sk B el ot SR T O oge 1 oo

havi ng an aseprsk-grosinaanc alloy, or any dogibingtipe thpeeaf. of claim 1 or 2, wherein the
annul ar spring includes a conductive ribbon.

28. The seal of claim 1 or 2, wherein the annular spring is plated with a plating

metal.

29. The seal of claim 28, wherein the plating metal includes gold, tin, nickel, silver,

or any combination thereof.

30. A system comprising;:
a static component;
a rotary component, the rotary component rotates relative to the static component, (i)

at least a portion of the static component is within a portion of the rotary
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17. The seal of claim 16, wherein the conductive ribbon includes first and
second ends wel ded t oget her. 18. The seal of claim 16, wherein
conduct i weorohamn7shas a wi dt h of between about 0. 060 i neheasandostout 0. 300
i nches. 19. The seal of claim 18, wherein the annular spring has a
coil dianeter less than about three tinmes the width of the conductive
ri bbon. 20. The seal of claim 19, wherein the coil dianmeter is

bet ween about 0. 060 b&%ﬁ&t&ﬂﬁba@fé@#ﬁ RiicdRDthk AN Somponent is witkda The seal of
claim 16, wherein conductive rib as a thickness of between about 0.003

i nches and about 0. OG%TI?WH?WUCCOTHPOHWQZ The seal of claim 16, wherein
conductive ri bboend i salfbetwedhd stio c@posaneindappotag chigdon@@lthecel | . 23.
The seal of claim22, n\éml?ﬁl%i n the overlapping helical coil has an overl ap
di stance of between ab . 0% and about 40% of the w dth. 24. The
seal of claim1 or 2asmheredn the annular spring is formed of a nmetal or

metal all oy. & Sasing BRroSRRlg tﬁ%stﬁAga!hErba%ﬁJ{g inMh@hEl B hGe ;ﬁe{ea&l al I oy

i ncl udes a nickel all oy, a copper a st al nl ess st eel
conbi nation thereof havigga pl&%]élandd’fﬁl@f &eﬁ?rﬁ%’m%ﬂ‘f‘é‘?@ }ﬁsf he ni ckel
al I oy includes Hastel | oy, eiMig22a of #hyis1@bout 0%, atngastcaedsm”mtor @neatthbdue of

27. The seal of claim 26, SOMe&leISIPrfaEe 1‘681&1th1 e (%m/ Qrdel'rlqian btg)etryl I um
copper, copper-chrom um zi nec al'’'o oy, corrbl nat ther 28.

The seal of claim1l or 2, lm@éméq,mottm@teaﬁmbam 18 rﬁhrrpisgl ¢r3101rﬁr®teeﬁiaw th a
plating netal. 29. ;pbh€ $RAlsqof claim 28, wherein the plating netal

i ncludes gold, tin, nickel, silver, or any conbination thereof 30. A
system conprising: a static conponent a rotary conponent, the rotary
conponent rot at es. Tms&iténvﬁclaﬁnB@@h&biﬁtﬁe@om@)ﬂiﬁmﬁal,ha(i‘)’oﬁg’sll\/ﬁ)aﬂtls a portion

of the stat 'f%qc?&%{‘ l%as ab 1§t ngl (IJ;IQI art] legst Qb u% 1I 81!‘1;1, Qfleagtggoul{ 9&9;{, Xr at least

about 5 GPa.

32. The system of claim 30, wherein the composite material has a coefficient of
friction of not greater than about 0.4, not greater than about 0.2, or not greater than about

0.15.

33. The system of claim 30, wherein the composite material has a volume resistitivity
of not greater than about 200 Ohm-cm, not greater than about 100 Ohm-cm or not greater

than about 10 Ohm-cm.

34. A method of making a seal, comprising:

forming a casing from a composite material; the composite material including a
thermoplastic material and a filler, the composite material has a elongation of
at least about 20%, at least about 40%, or at least about 50% and a surface
resistitivity of not greater than about 10* Ohm/sq, not greater than about 10°
Ohm/sq, not greater than about 10* Ohm/sq, or not greater than about 10
Ohm/sq;

machining the casing to form an groove therein; and

mserting a spring within the groove.

35. The method of claim 34, wherein forming includes compression molding and

sintering,.
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conponent or (ii) at least a portion of the rotary conponent is within a
portion of the static conponent; and a seal between the static conponent
and t he rwoany/@orsponent; the seal conprising: a springPCAIN$2@&00aB81Ng
surroundi ng the spring, the casing including a conposite material having a
thernoplastic and a filler, the conposite material has a el ongation of at

| east about 20% at |east about 40% or at |east about 50% and a surface
resistitivity of3clOgh £IMslSHlainQl, veHeR Al S nidiMdaRQdink03 Chn sq, not great er
t han about 102 Chmi sq, or not greater than about 10 GChni sq. 31. The
system of claim 30, wherein the conposite material has a Young's Mdul us of
friction of at [3@a%he radtwdbf @ais 3GReereatthd cempdsitabaertal Has &FaynggtMddelmst about 3
GPa, or at [@ashy @f*aptétst BolH0E GPa, af Jeast aboat | (P4 TAS LA %Pap bR 30, wherein
the conposite material has a coefficient of friction not greater than
about 0.4, ¥ettS§feater than about 0.2, or not greater than about 0. 15.

33. The system of claim 30, wherein the conposite material has a vol une
resistitivity of not great nabot 200 r than about
100 Chm cm or not" Ilg)lt LR f %trﬁlqg%“ﬁtem li‘fC%PﬁsgmateﬁmlhaS“%‘?%{m}& "r%ret hod of

maki ng a se@ibt,lonobmqbgne@crmlgm afagr (. mot cacawabimrpoft @neracteapohit sboyrat eri al ; t he
conposite nmpierial including a thernoplastic material and a filler, the
conposite material has a elongation of at |east about 20% at |east about
40% or at |east about 50% and a surface resistitivity of not greater than
about 1040hm sq 39nmtergatlﬁabeaalt1hamt@kamutecﬂgﬁtﬁosﬁhmtamhaa@t/olgmeat er than about
102 Chm sq, r651st1t1 Iy tof g(gte?‘egt%rr t tnr!l out m cm no eatsegtha n%gtg 1?(?181%1 tcrpt%rr(l: ?SI ng to
form an groove ', R ing a-spring wthi roove.

35. The netgm@br&rhndlloatllﬁtoam,cnmher ein formng i ncI udes conpr essi on nol di ng
and sintering. 36. The nethod of claim 34, wherein form ng includes
ext rudi ng. 37. The nethod of claim 34, wherein the conposite materi al
has a Young's Mdulus of friction of at |east about 0.5 GPa, at | east about
1 GPa, at |east about 3 GPa, or at |east about 5 GPa. 38. The net hod
of claim 34, wherein the conposite material has a coefficient of friction
of not greater than about 0.4, not greater than about 0.2, or not greater
t han about 0. 15. 39. The nethod of claim 34, wherein the conposite
material has a volume resistitivity of not greater than about 200 Chmcm
not greater than about 100 Chmcm or not greater than about 10 Chmcm
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