ELECTROSTATI C DI SCHARGE APPARATUS FOR HUB AND SPI NDLE
ASSEMBLI ES Technical Field [0001.] The present
invention relates generally to hub and spindle for

di sk drive nmenory storage devices, and nore
particularly to an el ectrostatic di scharge apparatus
providing for electrical charge transfer between
static and noving parts for such hub and spindle
assenblies. Background Art [0002] Disc drive nenory
systens have been used in conmputers for many years for
storage of digital information. Information is
recorded on concentric nenory tracks of a nmagnetic
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1638 typlkally have a spindle mounted by means of ball or fluid dynamic bearing systems to a

fixed motor shaft (spindle) disposed in the center of the hub. Generally, such motors include a

stator formed in a base of the assembly, comprising a plurality of teeth arranged in a circle. Each
of the teeth support coils or windings that may be sequentially energized to polarize the stator.
A plurality of permanent magnets are disposed in alternating polarity on an inside rim of the
hub, adjacent the stators. As the coils disposed on the stators are sequentially energized in
alternating polarity, the magnetic attraction and repulsion of each stator to the adjacent magnets
cause the hub to rotate, thereby rotating the disc and passing the information storage tracks

across the head.



[ 00041 Motors used in disc storage systens can use hub
and spindl e assenblies having ball bearings, and/or
fluid dynam c bearings. For both types of bearings, a

| ubricating fluid can be in a liquid or gaseous

state. The use of fluid dynam c bearing assenblies in
such drive systens has becone preferred due to
desirabl e reductions in drive size and noi se

generation as conpared to conventional ball bearing
drive systenms. In fluid dynam c bearings, a
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[ 00061 An enbodi nent of the invention is an

el ectrostatic discharge apparatus for use wth a hub
and spindle bearing assenbly for a disc drive storage
system conprising: a capsule 2 fornmed at least in

part froman electrically conductive material that can
be placed in electrical communication with the hub

and defining a chanber configured to hold an
electrically conductive fluid and defining at |east
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[0010] A further embodiment of the invention is a method of preventing build up of

electrostatic charge within an a disc drive storage system that includes a spindle and hub bearing

assembly, the method comprising: electrically contacting a meniscus in fluid communication

with a conductive fluid contained within a capillary channel defined within a capsule, formed at
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t he hub about the spindle. The capsul e can have

addi tional features as discussed in connection wth

t he above enbodi ments. [00101 A further enbodi ment of
the invention is a nethod of preventing build up of

el ectrostatic charge within an a disc drive storage
systemthat includes a spindle and hub bearing
assenbly, the nethod conprising: electrically :
contacting a nmeniscus in fluid communication wth a
conductive fluid contained within a capillary channe
et inrped ofvintelectnicalycapinetive mafeﬁﬁl[mﬁbréiﬁ thd cdp@ds s ir dlecpitaliconthet
\glghp@% F&;ot rIIII § ?elt Eﬁéﬁhe‘}%” gocgug ent, ethe (iagsuie can él{:chtnctal;%cq;'\tagtq}%i hub. and the
mpertiscfigap hleqmc@ﬂbmdltanetm apmldhes tha psindlewlsiterthediub adtatesahut yhe

. i SCUS i cal .
0 5t e Dkt s N30 SLEELR) i
Ipbricantand wﬂlﬁgmC{dh'éon@pﬁmdme-mqtqﬂl%mmgeﬁweﬁ%m ment s,

conductive fluid conprises an electrically

Briut Degtiptivalof the Drawidpsi cant and an el ectrically

conductive, non-netallic, non-magnetic additive. Brief
Dded] por ofallayundelrsganfingof asgsts pDekadplbodiscisdd Hetedy; reference is
HRRE! 8L anehg,0f aaSRESH b ABuERARLER i SCI 0sed
ereln reterence |'s de he a onpanylng
dri@PARh égwreri ifhpstratps nlwmn‘gof@e sxamippry &ise.drive0121 Figure 1
' JCNEE)] 'F%‘Jﬁ@ 1ﬁ’usﬁ'!it@§h b8 VeRinaPRevE SN AfiVe Rb@ingHolad @mbodxment
0131 Figure 2 illustrates a cross sectional view of
‘5“8N§@“@P1ve according to an enbodi nent of the

| oot FRbres § AR dhb@ WpRsid Boitom Perspddtive VidksloP B cahbttive capillary
of  a conductive capillary

tto S I
s§‘§3‘f°°§y§6?“tﬂpﬂ’3’ e‘gﬁfg‘ﬁﬂ‘aﬁ'}"ﬁ%nt of the invention.
[ (@15 F @h@um sndiB shond top Bn@tmmmtmsmedmmly Q@ffh YitsemEmber of a
cé%%?tﬁ% pﬂ?agy se'rzl%t:cé)gdoufg ih St rﬁogo in rgmte o%:b e dnvr?%t?]on d E%u:le\t/te 1s a cross-
¢%®@ﬁvmwnfm5ﬁgum€m¢6 |s a cross- sectional view of the

f '[60%] pﬁ{ﬁ@?fA ax{d%]s%w E)'p l?o%to R q'esggé(ﬁa? \rérltf)g %o@%mber of

bottom Vi ews, respective a sec
aconueiveicarilaphisrl aposrdinede ap e%’é@reeﬁ o hetinyentipne FigwE S rdy cross-
safnoﬁdneiewevmagdc@ﬂmeﬁibg(ure 5C i s a cross- sectional view
o] e.sec re.6 aile

o 199L 0 RS B e g st st B gty P iveifion.

| (0028t Figmre 7 if dd@&Bodef viguro€a Eondmcuaﬂcaeﬂlpdymwabcmidmwtoca‘ fusther
GRDEHSE LME. GaRLiL] ary seal according to a further

[0019] Figure 8 is a perspective, assembled view of the embodiment of Figure 7.

Detailed Description of the Invention

[0020] The following description is presented to enable a person of ordinary skill in the art
to make and use various aspects of the inventions. Descriptions of specific materials,
techniques, and applications are provided only as examples. Various modifications to the
examples described herein will-be readily apparent to those skilled in the art, and the general

principles defined herein may be applied to other examples and applications without departing



enbodi nent of the invention. [0019] Figure 8 is a
perspective, assenbled view of the enbodi nent of
Figure 7. Detailed Description of the Invention

[ 00201 The follow ng description is presented to
enabl e a person of ordinary skill in the art to make
and use various aspects of the inventions.
Descriptions of specific materials, techniqgues, and
applications are provided only as exanples. Various
nodi fications to the exanples described herein wll
fomn the apirif apd sqopaofeint intentidrs OB esdaipld, aspedtsant] eaniples mag bel

R A e e L

er exa es an ap 't cati ons w epar
ftoregedrives mapyibe fesigherthnd aap epepdte ipla @unbey efiwaysnShe qxemplary motors

£:43HBY e@cem@%?@l%e%t AR %ﬁm Herein /) fopﬁl%lséir%m HEH al ct@and are

vari et ot ors, 1 ncludi ng notors use In dis
nof @fea@'él ti}irpif ghe ranggypignators and dqyiess in whieh %lglee@mplewdﬁw%@ay
ﬂ@@wg@ed and may operate in a nunber of ways. The

exenE mptors _and ot her exenplar¥ subj ect _matter
priff#tly éfamw&beFW tqFLO ot Plpn Yigys phagexemny %{“P%’ﬁ%" djscflivg yorage

sgnein afilustrted. h Biseralagle, e stordge Eystefmaomwn@es AHousing WasS12Hating
i ch ch ex |l es a aspects nma
il Pl 1w PR Spesr® (% Abmeis sy P oy,
tarhsdaccrse’b()emoksahysurfa@méthp dischi 16C Tl énviconsdeotringbich igtl 6 mtatemay

tje sl:ﬂlije'i‘lgg géag%agh gcl)\tepi‘ﬁ aIS g\?eg%ll ’&sEm rgtgtgr s%é’e%tvﬁ]rﬁk %%nsducers

I nc 2 hHaving e not or
fareaesifiencd ety gned p radially differentipted @a@m tueesurfm oftherdisesrlé. This

a&l@@@&%kdﬁc&&d@‘{&& and w20 &Qéh%ﬁéaﬁy ailodd 'ixff&ﬁlaﬁ(theonsth’er sﬁ:ﬁ?o@s of
of the discs . The envirtonnent in which discs 16

disst Ly as selesipd lqsétwgé dPies 1ppag ste 3 maghousgrgdiPM4. | n
O[22t TO Provid fof fotakion bOdigt €5, a;tmdle lg&msmﬁdcaw incRides at least one

R S o 2R e POl B el Bl i or e
ndh-mmg 6.1rfa3'd’sj_ that naly Ifcﬂm@odrmhmﬁldm dﬁIsShyﬂfbdmmicel&dmfgﬁ.d
}gdl’oﬁg?a@%ﬂg%dgg?ﬁ S c%%%%%%%glg ;\{bggz{égt as i b%@geﬂs L Io%?a%ﬁ:

pogion(sland fixedmastionlynfspindle RPRL 14 Gty mlsrhekwp@f@e ﬂletrld lubricant
té Q{eaétlﬂtgﬁed)for HbiGdonlfd aRPhBHlEn AR o Aquid/IRbifcaht! it compensates

i ncludes at |east one rotatable portion. The at |east
Rrdessssspatosraparapien snikiage pnd thafiks: t ypical Iy interfaces
V\ﬂ[(tob3]OC§})1qur3/' $¥BI6 Grﬁ oﬂ&ﬂrséthtB @étzgﬁl Etbﬁddfxﬁgﬁ\mﬁ&(e gl, bayf at BydfodyRdniTe
our na .or thrust ro am ¢
RA7EHE SR Y P PHGES 4B PR QT ESPEP LA e fiauid ufficent o
nhatifttein manittaﬁqn of hipdiodysamic beakieg swefedes thinmghiont &t expdceed lifetime of the
d@3&£|on(s) and fixed portion(s) of spindle notor 14.

ary seals help confine |liquid |ubricant
[0024] Typical capillary seals are formed between radially opposing surfaces of coaxially

disposed relatively rotating members of a disc drive motor, e.g., between an outer surface of a
fixed shaft and an inner surface of a rotating hub disposed around the shaft. Typically, either the
shaft or the hub is machined so that the radially opposing surfaces taper with respect to each
other and thereby form a capillary seal with an annular type cross-section that tapers in cross-

sectional area from a vent opening to the hydrodynamic bearing.
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to areas intended for lubrication and al so provide a

reservoir of liquid lubricant that conpensates for

| osses due to evaporation, spillage and the I|ike.

[0023] Capillary seals are often used to retain

lubricating fluid (e.g., oil) at hydrodynam c bearing

surfaces of disc drive notors and to provide a

reservoir of lubricating liquid sufficient to

mai ntai n | ubrication of hydrodynanm c beari ng surf aces

t hroughout an expected lifetinme of the disc drive.
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ﬂluulerlZ frerh @0l inlpgr, an \ilhnpedmeter of annular conductive capillary seal 210, is in fluid

and electrical contact with proximate surfaces of spindle 202. Because disc 204 is mechanically
and electrically coupled to hub 203; and because spindle 202 is mechanically and electrically
coupled to base 201, which can be electrically coupled to the read/write, thin-film head, charge
build-up between a surface of disc 204 and a read/write thin-film head can be reduced.




(liquid and/or gas phase) that is pressurized by fluid
dynam c bearings (FDBs). If a gas phase fluid is
used, spindle 202 and hub 203 can be substantially
electrically isolated due to a lower electrica
conductivity of the gas phase fluid conpared with a
liquid phase fluid, leading to a differential charge
bui Il d-up on spindle 202 and hub 203. Such a charge
buil d-up can lead to electrostatic discharge (ESD)
between a read/wite thin-filmhead (not shown) and a
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some embodiments, the angularly constrained annulus segment can more resemble a “wiper”

configuration, providing a meniscus contact with an angularly restricted region of the spindle at

any given time.




enbodi nents, the tops of raised sections 41A through

41H are coplanar with outer perineter lip 43. First
menber 21013 can be nade of any mechanically

acceptable material with adequate electrica
conductivity, that is also conpatible with a

conductive fluid to be used. For exanple, first

menber 210E can be made of netal, metal all oys,
conductive polyners, or conductive conposite

materials as are well known to one of ordinary skill
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capillary seal assembly, than can radially shaped capillary channels. This can provide for longer
conductive fluid supply lifetimes, at lower conductive fluid supply rates. Although four spirally

shaped capillary channels are illustrated in Figure 7, other embodiments can other numbers of

spirally shaped capillary channels.



wel ding; (ii) adhesives; (iii) soldering; (iv) press
fitting wiwth appropriate nmechani cal nodifications;

(v) and rivets, screws, self-tapping screws, or nuts

and bolts with appropriate flange and hole

nodi fications. Likew se, first menber 21 OB can be
coupl ed to second nenber 21 OA using an externa

cl anp. Annul ar conductive capillary seal 201 can be
simlarly coupled to hub 203 using a variety of.

simlar techniques that are well known to one of

or [003131 rA(ccsﬂding ko dnrembbdimem lof the pré&dAhveliichlIthe cdnductive fluid comprises
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PR ﬁde a mneral based hydrocarbon, a synthetic
[0037] Additional examples are discussed in U.S. 5,940,246, DISC DRIVE HYDRO

BEARING LUBRICANT WITH ELECTRICALLY CONDUCTIVE NON-METALLIC
ADDITIVE (Aug. 17, 1999) which is hereby incorporated by reference in its entirety.

[0038] The conductive fluid of the present invention therefore provides an electrically

n

conductive path for discharging electrostatic charge from the disc surface while providing



hydr ocar bon, an ester or a conbination of base

| ubricants. M neral based hydrocarbons are preferably

highly refined (highly purified). [0035] Preferred

addi tives include organic polyners, such as a

commercially available solution of a quartem zed

pol ynmeric am noam de ester, a nitrilo polyner,

chl orobenzene and ethylene dichloride in aromatic and

al i phati c hydrocarbons. The aromatic and aliphatic

hydrocarbons have a 40-70% concentration as conpared
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subjected to centrifugal forces by the rotating hub.

[0042] Various motor and capillary seal aspects have been illustrated and described herein.

In some figures, rotating shaft designs have been presented while in others, fixed shaft designs
have been presented. One of ordinary skill in the art would understand that teachings related to
each may be adapted to the other design. Also, it would be understood that certain components
have been separately identified herein, but such identification does not imply that such

components must be separately formed from other components. Similarly, components

10



[0039] In alternative enbodi ments, the |ubricant can

i ncl ude numerous other blends or additives for

i mprovi ng performance factors such as oxi dati on,
corrosion, wear and viscosity, as discussed in
greater detail in U 'S. application Ser. No.

08/ 737,431, entitled "Disc Drive Spindle Mdtor Having
Hydro Bearing Wth Optim zed Lubricant Viscosity,"

U S. application Ser. No. 08/737,438, entitled
"Mniature Disc Drive Spindl e Mdtor Having Hydro
iBenaified igrei indy Hdisgdividad eis subtcompeiehts W diepddsigys. | Anidiionally,

flg%%r o dggéjcl?rgulgt{%g%:?anae%, gleaggg ﬂrla P | Cf)lxtnlaog)o e and ﬁlalke mad' be
didpdsed acB&tamaltygar iffetentlytbar mmmtecﬂptasmtzwwv th D| s c
Dri .

Db, GRS SO B ey
ip fhe laft &am terrexGpplary pepectEPrEFasd. 1Bvexample.prous exeaipiary methods and
sy RGRY &%ﬁlﬁgrelﬁymgﬁfe%gﬁ@%e or( ifl Q&Qm]mdﬁhﬁ HRkehioldHiddyaafiet

I nventi on been descri b reference to

bsprgapd @ﬂllla’é’ﬁfﬁé ehistemp prg m‘?/(kﬂdk e@@wlm RAdtiquiar exawplat have been

dldchssed 26 OGNSR ekdhlesGRARG ?ﬁ O RMredEceABA BisddVark43Ed Th adled art.
ail wthout deEartln'I%fr romthe spirit and &8% pe. of

Tg‘ﬁéi‘sic?ﬁ@ﬁtsl%‘rfma’ﬁh Ve sgictipe Yariopy qyampley tp piethads and/or
spsicinsahba hdtaallg sddpgsOv sdivel the dfssdvantapee exanrpl es onI y O her

b | ybr,i cant
o e P o0 B Rzt b e BRI Shrbfpgrteg herein
by cefermia noradictithe discheurpeasant thlma:mﬂiqam th{s@petificatih doptended
gﬁg: nhas been
téa;u% éaggndﬁ %lgérég&cgﬁ%én 4 &B%agﬁt Iguration that is
nechanlcally and electrlcally coupled to a hub, and in
fluid and electrical communication with a spindle,
alternatively, a radially configured conductive
capillary seal can be nechanically and electrically
coupled to a spindle, and in fluid and el ectrica
communi cation wth a hub. A potential drawback of the
| atter enmbodi nent is reduced seal assenbly area,
possibly resulting in reduced conductive fluid storage
capacity. A potential advantage of the Ilatter
enbodi nent is that the conductive fluid stored in the
capill ary channels woul d not be subjected to
centrifugal forces by the rotating hub. [0042] Various
notor and capillary seal aspects have been illustrated
and described herein. In sone figures, rotating shaft
desi gns have been presented while in others, fixed
shaft designs have been presented. One of ordinary
skill in the art would understand that teachings
related to each may be adapted to the other design.
Al'so, it would be understood that certain conponents
have been separately identified herein, but such
identification does not inply that such

11



conmponents nmust be separately formed from ot her
conponents. Simlarly, conponents 10 identified
herein may be subdivided into sub-conponents in other
designs. Additionally, features such as recirculation
channel s, bearing surfaces, punping grooves, and the
i ke may be disposed additionally or differently than
presented in aspects herein. [00431 O her
nodi fications and variations would al so be apparent to
those of ordinary skill in the art fromthe exenplary
aspects presented. By exanulsémsvari ous exenpl ary
nmet hods and systens descri bed herein nay be used
al oné. or Anﬁel@ﬁﬁd]ﬁtﬂdisblﬁfge\abﬁahnmdﬁriu&miﬂfd hubdAndiypirate bearing
%gﬁﬁbngm capillary seal systens and nethods.

I'ti on f particul ar exanpl es have been discussed
and how t hese exanples are thought to address certain

dis adv anta&gﬁkﬁle ifétme & lnaéaetdn pdrt from MIe%nﬁﬁl%dﬁeﬁfc@% rhaterfaDt

ver, tor strlct t.he vari oys t
AT B S (A e e Sy L
&htagu&usadﬂcamea@eﬁalb{oe%éﬂwemaahe damtn@rat ledshéxe caplllary channel in
upl i cat i tents.or pa ation
f?“h‘%é’f“b“&%“é? ed Wﬁ‘@ 26 OPERHE foI s RS “%S nﬂ’%‘c S P onfigured t
peingtlowsenrabow thetspingdle, and tolpesnitgmeniscuscatned by theleomsluctive fluid
A oG oy {
PRS2 bl 8 cleh G Ebbucl B SRR BAAFOARN i i froue e
soindlens 1. An el ectrostatic di scharge apparatus for
use with a hub and spindle bearing assembl y
conpki Si sul e fo d at | east ar.t f LA an
el ectri cgﬁ? ?Ppco gufu eé?m%ﬂnsmﬁta)ne’rc?n&udoe"d“gc B S fapiil
cpifigueed to fill thé @xambq:rmath tlmmim’armlb'a;bndnmvmﬂuid the hub and
defining a chanber configured to hold an electrically

cond ctl fluid . f|n| | east o illary.
chanfel | {THe aPIAREOIE bt ere Pl Py o ey
c&ﬁ@ﬂﬁd in the capsul e, the first opening configured to
permt rotation about the spindle, and to permt a

meni scus_formed by the conductive fluid proximte to

t he bpenilhiprpyatis Sfclam darhefrinthnit it °f‘?1“ép’é1fﬁyﬁb‘1“ée dfopitgyred
a$ ®fpatl. on of the hub about the spindle. 2. The

apparatus of claim1l, further conprising a second

opening in the capsule configured to fill the chamber
wi t -t he Tha apparptieeficlajm &.ovheteen the/at lepst gpeycapillary channel is configured

to narrow toward the first opening.

6. The apparatus of claim 1, wherein the at least one capillary channel contains a

conductive fluid.

7. The apparatus of claim 6, wherein the conductive fluid comprises an electrically

non-conductive lubricant and an electrically conductive, non-metallic, non-magnetic additive.

8. The apparatus of claim 1, in which at least of portion of the capsule is integrated
with the hub.
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3. The apparatus of claim1, wherein the at |east one

capillary channel is radially configured. 4. The

apparatus of claim11, wherein the at |east one

capillary channel is configured as a spiral. 5. The

apparatus of claim1l1, wherein the at |east one

capillary channel is configured to narrow toward the

first opening. 6. The apparatus of claim1, wherein

the at | east one capillary channel contains a

conductive fluid. 7. The apparatus of claim 6,

- whepei n 1heepamid UEdAiinel, inl whidh theXdaPduleSSEonBigured as at least a partial

el ect.ricall non-cqr@u?tive JUFEJC%Et and an

BREG P Ba T PeRETIFHAES Do Irsh i fofinps the oprp prrirhgfiih 3t least 2

padii annsles. 8. The apparatus of claim1, in which at

| east of portion of the capsule is integrated wth

the hub. 12 9. The apparatus of claim1, in which the

capsifi-e iAdisghive gorpeshygem semprisiigt a partial annul us

havi ng an open center, and the first opening defines

t he ggﬁngenter of the at least a partial annul us.

10. I's¢ drive storage systemconprising: a

spindle; a hub rotatably nounted on the spindle; a
capsalhd rbatabpchoddted dakd spindlepart from an el ectrically
conductive material configured to be placed in

el ectrical communication with the hub and defining a

c hanbespsuiefamied ar least in@art b an plectedally eqniduckivé Materiphennéiguredto be

plakdd ifl elRHcal Eninttinf Gt FAtwithQRSHub ARFdcEiRR) b bidbBerchApIRY td Kbld an

fluid communication with a first opening formed in_

eleptgically sanguesive fliid apq dediping adensinye capileanyiiresg! ip Suid gprppmication

vs?tﬁfadirdé e%bnalb ﬁiﬂned inglﬁe cs;_\s&napk?emse@dmd ih@PcopBguiddito peﬂlfn Ii’c]'bctfﬁlbu Sbout
or. t he .conductiyve ul roximate to. tne f1rst

e SR o 15 RS PRV §ove Y e e DR BBt M oo

openingtto electidally dvmtabithe spindletdutidparotafionud ke hut dboutPespiidiet em

of claim 10, further conprising a second opening in

the capsule configured to fill_ the chanber with the

el ecklri cAhs yystemRbiclam 1 efurthes pompriping 2 $95endaperingin de cansule m

c&&gwdln lfbrfﬂi the dHambertwith @R %lec@iblyCaqiubd@midchannel i's
radially

12.  The system of claim 10, wherein the at least one capillary channel is radially

configured.

13.  The system of claim 10, wherein the at least one capillary channel is configured

as a spiral.

14.  The apparatus of claim 10, wherein the at least one capillary channel is

configured to narrow toward the first opening.

15.  The apparatus of claim 10, wherein the at least one capillary channel contains a

conductive fluid.
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configured. 13. The system of claim 10, wherein the at

| east one capillary channel is configured as a

spiral. 14. The apparatus of claim 10, wherein the at

| east one capillary channel is configured to narrow
toward the first opening. 15. The apparatus of claim
10, wherein the at |east one capillary channe

contains a conductive fluid. 13 16, The system of.
clai m 15, wherein the conductive fluid conprises an

el ectrically non-conductive lubricant and an

el ectié.i c ameyysfmfmmﬂu Ve, whﬁt@ﬁ-tl[mi)ﬁiulcﬁ\@z ﬂuﬁﬂbmpﬁgmai dl&trically
[}%glg;lg,% uct];ve 6%6', | O?]n Oafx)é%ﬁmc lg 6on% c%vcla » Q0N %Jte F arion glagnetn{: ﬁddmve
the hub. 18. The apparatus of claim 10, in which the

C aps #.e i 1he SRR G¥RLAE 109 AlicH £ 83 oPpdP@nlof Bk cap3B W iktSprated

ﬁgh an open center, and the first opening defines
W %%@n center of the at least a partial annul us.

19. A nmethod of preventing build up of electrostatic
char Wi &

el (e T atbafille Br eiios Wb B cBIA0R SRR st puril
appilesduviep e mgr amé!he girst ¢nering definesrtheapen ergtepofithent dasig
pafdiaf dndhigk. cOMmuni cation with a conductive fluid

contained within a capillary channel defined within a
capsule, forned at least in part of an electrically
condygt i ve, [ Sk s

ol octi o i mamApRlenPEIELB ot JEaEGRR g Gtdfhn g i arive
storagp pystem thag inchydes aj spinfilg andiyb bedriag pss¢rably, (the meethed semprisipe:
the hub with the capsule and electrically contacting

t he e¢lesticglyepntagiingts meniscus iy fid eomppincatiqniyrthig gandugtive i

cBRAHdd Wwithén Sdapil) %hangék deﬁmg witlth R eshs 0, rerhndll 20166k i m PAESTRA N

t he conducti ve ngrlses an el ectri cal
elegrcally seRiuetve élaFeHb‘r Y"‘&“é & FAPSWGS & %WPF‘&&P‘P%} with the hub.
conductlv non- ne}alll non- nagnetic additive. 14
0.  The method of claim 19 er mcludmg

electrically contacting the hub with the capsule and electrically contacting the meniscus
with the spindle while the hub rotates about the spindle.

21.  The method of claim 20, wherein the conductive fluid comprises an electrically

non-conductive lubricant and an electrically conductive, non-metallic, non-magnetic additive.
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