, GHe3e2FN2C, B6TN- OWD 00/ 45498 PCT/ US00/ 02402 PARTI CLE FREE SHI ELD ASSEMBLY
FOR SPI NDLE MOTOR Cross Reference to Rel ated Applications *cooool This
application clains priority fromUnited States Provisional Patent

Appl i cati orw@ew4s498 Nunber 60/ 117,822 filed January 29, 1989/Uosided d of the
I nvention The present invention relates generally to the field of disc
drives, and nore particularly for shielding a ferrofluid seal from
particles during assenbly, as well as a 10 nethod for putting the shield in
pl ace. Background of the Invention Disc drives, including nagnetic drives,
opti cal drives andPABINCLETERE SHIELR ARSEMBEY AR SRINDLEMOFAR cd 1 or
storing information. A typical disc drive has one or nore discs for storing
information in a plurality of concentric circular tracks. This information
is wr“mm“ﬂmmmmmm read fronCross Referenceis Relptedodppligatives heads nmount ed on
actu ch are nmoved fromtrack to track across surfaces of the

di scs by *emooarct uat or nmechani sm The di scs are nounted on a spindle which is
turned by a spindl e 20THiDapplicitionpdams phierityulidra dhdted IStdidsePrdvisiosal Uratkat t he
read/ wite heads. The spindle rally ingcl s a shaft fixed to a
basepl ate and épfﬂlfﬁt)‘o"t%pr\ﬂm‘&'ﬂb%ﬁéﬂibg%ﬁ%g?@%w& cﬁgg : having a sleeve into
which thg shaft is inserted. Permanent nmagnets attached to the hub interact
with a stator winding on the baseplate to rotate the hub relative to the
shaft. One or nore bearings betwedield pEthedaventignt he shaft facilitate
rotation of the hub. 25 The spindle notor also typically includes an
exclusion seal to seal interfacial spaces between the hub and the shaft.
This is necessary, becBepestniventmnireigtes genérdBy orthafickdefasc dged, ind mone .

bearings tend to.giv ff.aerosgol (A [QUS. conmponents .that mgrate or
i 11 uss out  orPPE RS Brinds s BOR B AR S B B K R o
001 45498 oPCT/ Uneod A patting thdiskield impRcerai nt ai ned. Thi s vapor often
transports other particles, such as material abraded fromthe bearings or

ot her conponents of the spindle notor, into the disc chanber. These vapors
and particles deposit on the reggigrddna dtercfvensod he surfaces of the

di scs, causing damage to the discs and the read/wite heads as they pass
over the 5 discs. Thus, the mgration of these contam nants into the disc

chanber nmust be pr everﬁi?ddélv %{ﬁfu% %aéﬁgﬁidgk&g@‘kg'{hﬁ‘ Fsatngg% rég_gé%m nant s

into the di sc chanber, est gen e no l1ze a
ferrof | Wisdi c sdisd drives, weewidelyaisechfaol stoeinglinférenahionh . A Fgricabflisuiddvehaseat sr ar e
described in) for exanple,. U. Pat . .No. 5,473,484, which. .l 0 Jis .

i ncor por at ed h@?réid%cﬁg}%rsg’lrlgg_é‘#@é’?a% 08, 8 puxglh BF?%‘FFTﬁlﬁf‘EC‘gaééTaCfﬁson@l%ts of a
ferrofl uid, annfahaidnis Reittad ioZmd réddttnd the MG Bdingdfedd/wiite RagHRbhMEd bry

per meabl e annul ar pol e pieces attached to opposing faces of the nagnet. The

ferrofluid i s w8miesATROREFY e sovpbEER HFK t ATk Beioss WHaes ofligdises butd y
permeabl e par tidglyfs n%&?aﬂ%ﬂﬁ%e 'dﬂcsﬁaré dlleF S 4 dptidie GRRRF{Ghn¥d by NGidRoNet and

the pole pieces are fixed to the hub and extend cl ose
20 motor to pass the surfaces of the discs under the read/write heads. The spindle motor

generally includes a shaft fixed to a baseplate and a hub, to which the spindle is
attached, having a sleeve into which the shaft is inserted. Permanent magnets attached
to the hub interact with a stator winding on the baseplate to rotate the hub relative to the
shaft. One or more bearings between the hub and the shaft facilitate rotation of the hub.
25 The spindle motor also typically includes an exclusion seal to seal
interfacial spaces between the hub and the shaft. This is necessary, because lubricating
fluids or greases used in the bearings tend to give off aerosols or vaporous components

that migrate or diffuse out of the spindle motor and into a disc chamber in which the
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15 to but do not touch the shaft. Magnetic flux generated by the nagnet
passes through the pole pieces and the shaft, which is also magnetically
per neabl e, etically hold the ferrofluid in nagnetic _gaps between the
pol e pi eceﬁ‘g%)?ﬁ%ﬁe shaft, thereby formng a seal. I—b\/\/evepr(:,"%ésl?'ffp’ﬂ[’)zl em
arises fromthe existence of particles,and the |ike 20 which may exist or
be created during assenbly of the notor. For exanple, the typical fixed
shaft has a genter ho I Nto. Whi S S r : . SCrew i s
backed out SFRE 1ol lél?nc{j/e:@lstl h)g/p(r’r%élntg{n?%g dﬁé)}éﬁpgﬁ‘g’gﬁgﬁ}l\éﬁégéﬁeﬁ agd whi ch
could fall iabtaded homftae bedrings dr othédf @mipenéray ef the epindiedeotbr) iitbehepdisd t 0 press

a shield onto the ter surface 2 f the shaft to rve a cover over
The T orr of | (PameRTa THFGYENS BaRRERs et i Harray e R gnEPeuRre ver y
fact of an igrhRIdiRs nGEteldaina@ab WRAkkcS i the RECwWEIRHadl s efely IpssdROMEe t he
magnetic fluid, may create burrs and | oose particles which could fall into
the fl0id. Rhscsi dhas tBo nigretignel hesqgpanianapantning e diguPhpmbgn st be nagnet i c
fluid to spl %‘Jgnghlt of the field. Further) slivers of netal could be
created which; 1T they protrude into the seal, 30 could cause the

ferrofluid to m graftle pedventolie higeatipa pf these cantdininaots irto thdidisc chahbenghd he WO

001 45498 PCT/ US00/ 02402 .- 3 effectiveness of t.he al, duri oper ati on of
Dhe mater o phergion SEeni oo TR ol s g Dot e s g o of t her
be spl ashed 1ap. FergsRiidc Sdls aff debdiibed ™, B6r Sk@GHIOIU BOPAt €0, Beerd 481 Sehig ea and
cause disc drive failure, Therefore, a solution is needed to address these

probl éRs. 5 iompEporRisd herewdy Apfreness Anaigaldesaludic sea] sppgistsioba fefioflpidpe

apparent to i bhett : i ry

o Sl osur o 1 B B b R A R Y i es.
Summary of toksed atteshed orppposiigh facen efsthamagnate rithe derrgftwd idemvappaalyt us f or

shi el ding the ferrotl uisd oSf. 218 ngttiéa sgal flromlp rticles .or t e Li ke
falling int (fofnﬁgsefiloafél.' PTRET WVETR T 8% V@r?’ﬁ’é? e;%’?%\%eaégspa'b%&r‘%? Gnd a

met hod for idagteal Géndgllgubdmagnstrindtick polepisand are figaltb hg hpBadd exted clRke burrs. 15
According to a preferr(ﬁgI formof the inventi in a notor havi ng%a fixed

n,
shaft land a tBE#tdo BR¥LPUChgreRhah Magrgtic %e%%té‘?bxtgﬁ'é‘ég%ﬁﬁﬁeéﬂ“ﬁ%t ne end of
the shaft, goBEORS hfd theMatt] Whibk R\VAISshonRically pEmBAIE e PrﬁgneftiEélm i@ eal
support which is integrated with or adhesively attached to the back iron
whi ch rot at dbe fgirpfiuid framsapstic gapa befwaen thepele picecsgad theshafy derebyfermdighg ar ound
the shaft a%dseglol ding ferrofluid between the 20 ends of the pole pieces and
t he shaft. vacuum press holds the shield piece and heats the shield to a
t enperat ure so t hat Holevérnaerobieadanises diont the ewiasher ofglaatindet mdahe hkece i s
| arger, . than the outer dianeter of the shaf The press then | owers the
shi el d%over "’(1'H§1 IR SH T b LR Srring as??fgag ﬂgtihf ?mfoﬁ'e%%rtﬁxé’lnﬂl%i the B’(S’éciafi oned by
provi di ng a fes kHaitas Nentthdlaito @hich B ecrvd Uik dde $ehewticGbreiit bagkapai nst t he
end of the shaft, with the vacuum hol ding 25 portion of the press extending
| ower than ta of the heJeverr tiny maeaels Rastiglesay herraeasod whigh senid Fll iB0raS de of t he
shaft. As thg sjigl d cools, it presses against the outside surface of the
shaft and is fixed in place without any particles being created while the
interference fit betfeanhayhhéan radg inthie @b ta pressatshisld aniteetdie otter surfaca t her
f eat ubs of 1 ﬁ}elsﬂe}/fp 0. asatcggerso%gil the f’éprgﬁ{utd V\@Ir%tl]e %E%Bgllég ﬁ'ortnl?‘e(lellircl)’ Oi.n.r adi al |y
out er “edge O he "nmaghetic seal, nay 1nc ade” ACEL Bher of 628ss ich faces
the WO OO0IHwRE&, METVAYTD bDRAARferbnchfitibbtwaan stiad and seal Pivsitlyiabovetthe cat ch any

addi tional stra tal partic|]es i.ch may. exi
magngticr??uigl, may create Lurrs and loose ancicFes wshtlch could fall into the fluid.
Particles 50 microns or greater in size could cause the magnetic fluid to splash out of
the field. Further, slivers of metal could be created which, if they protrude into the seal,

30 could cause the ferrofluid to migrate out of the gap. In addition to diminishing the



inthe air gap between the shield piece and the magnetic seal. 1n a
preferred enmbodi nent of the invention, the assembly press, in addition to
i ncl uding the vacuum for hol ding the shield in place, is modified to
include a YRS | ooped heating systemto preheat the sHTY§Y02%e
features and advant ages whi ch charact 6§I ze the present invention will be
apparent upon reading the follow ng dé ail ed descri pti on and revi ew of the
associ ated dr iLef .Descri s Fl

o1 2 v ew of CACEHDEssaf g cealriph o pf et ftisot 1 MeBRbFiat G

ferrof | uid sepk, thoduidkbet ditine 6osglishel dr@mgxrateeﬁb@ﬂhmator ea‘gldnhs tHermesent
invention is especially useful. 15 Figure 2 is a sectional side view of an

embodi ment  gHiscareasing gruse fise & veifpiluss- pH}eéPcf‘i’rﬁga sglutigp isgrepdpddo addagss fesesuppor t ed
inthe prioryant. .Figure 3 is a partial sectional view of the spindle notor
of Fig. 2 ad" Cfln?l ed to show the seal support and the shield of the
presents i nventi on. F@tgmf@tmes'asdainaagdsafthiséamehMill\bbmpa@ttplaeemtm or of

Fig. 3 in schematjc form 2 ng the pres hie as they are
Usad to posiahibaal i e ke REYAT e EmBT TG R-reaBl BioE Yl i U o o
a magnetic Cﬁoﬁ}mndrdn\&ﬁﬂftﬁéasemlaéuﬁglﬁw ndl e notor 25 having a ferrofluidic
seal according to the present invention is particularly useful. Referring
to FIG 1, a disc drive 100 typically includes a housing 1 OS having a base

110 joined to a cover 115. A ryyahifiryQ ekl meentiod0 having surfaces 135
covered with a magnetic media (not shown) for magnetically storing
inforr@tion are attached to a spindle 140. A spindle nmotor (not shown in

this fi gur e) turns gﬁfeg‘%{]@ﬂlvgntpoﬁg;rc}v(?d Egﬁﬁ%%usgtgr §1—J~' dIQ%ﬁ'l%??%%ﬂ*l(P@ﬁe

read/ wite heads 14 are su ove sur
magnetic seal from particles or the hkc falling into the fluid. The invention further

provides apparatus and a method for installing such a shield without creating particles
or burrs.
15 According to a preferred form of the invention, in a motor having a fixed
shaft and a ball bearing with inner and outer races mounted near one end of the shaft,
a magnetic seal is provided which is supported from a seal support which is integrated
with or adhesively attached to the back iron which rotates with the hub, the seal
magnetic pole pieces extending around the shaft and holding ferrofluid between the
20 ends of the pole pieces and the shaft. A vacuum press holds the shield piece and heats
the shield to a temperature so that the inner radius of the washer-shaped seal piece is
larger than the outer diameter of the shaft. The press then lowers the shield over the
outside diameter of the shaft; the shield is positioned by providing a positioning surface
on the vacuum press which butts against the end of the shaft, with the vacuum holding
25 portion of the press extending lower than this alignment surface to place the shield on
the outside of the shaft. As the shield cools, it presses against the outside surface of the
shaft and is fixed in place without any particles being created while the interference fit
between shaft and shield is established.
In a further feature of the invention, the seal support which supports the

30 radially outer edge of the magnetic seal, may include a catcher recess which faces the



WO 00/ 45498 PCT/ USODY 02402 -5 di scs by a suspension arm assenbly 150. In
operation, the discs 130 are rotated at high speed past the read/wite
heads 145 i e suspensi on arm assenbly 150 noves th i te heads
in an arc \g@edrﬁg%gurrber of radially spaced tracks (not sﬁ’oc\t/\rﬁ%%#%zhe
surfaces 135 of the discs 130. Thus, epabling the read/wite heads 145 to
read and wite 5 magnetically encoded information to the nagnetic nedia on
t he surface : ' I s a

sect i onal sissageﬁg%&e}\%vlr{)%%gg?g?ﬁ?@%ﬁg%%(rﬁﬁ%ﬁ%%ﬁg# cgaﬁ? %‘gg\%ﬁcﬁﬁag %éfégeci ally
useful in diistedis gapbeth@en thE ginkldpidcy andbe spgmdiceealnt or 155 i ncl udes a
rotatabl e hub 160 havi ng.an.inner surface 165 di spos about .out er
surface 170 of 10 a?%?\%{%{m demn oin'f’eéﬁlf?%%lﬂlvﬁli% n’glée S8¢ ;gg%xpa&ﬁao% t he
present i nvepidcRRingdd vcal fog heldingititthleyd i6 Pr6€ 64 moditied LildRideawlidsére 170 of
the shaft 175 to the inner surface 165 of the hub 160. One or nore nagnets
190 at # achedoqrsd fegsimgisyran {p prefisathe siHeldhub 160 interact with a stator

wi ndi ng 205 attache . - : e. The
hub 160 is supporteghg%a%u% agﬂicﬁta gﬁ%g%s b;ﬁlgggﬁg%%%%%ggﬁﬁg@%g The 15
beari ngs 21%ecanpaignt vparhtgading sh¢ Ifollnaving dgtaileds deseripon end zevidwuiod -ty nami ¢
beari ng (not sShPWé)d'ravﬁ‘n saI | - bearing generally includes one or nore balls
220 IooselyaﬁeolC y a retainer 225 between an inner race 230 and an outer
race 235. Interfacial spaces 245 between the balls 220, the retainer 225
and the inner and outer races, ﬁSO,ZBS', are filled wwth a lubricating fluid
or grdse to facilitate novEREhPessriptippohtieDrayings | 5 1| uid 20 dynamic
bearing, a lubricating fluid, such as gas or a liquid, provides a bearing
surface between the _hub 160 and the shaft 175, Dynam c pressure-generating
grooves (not shown) Fignddisinplaacdew orf & Misci diiver inswhich e spigdle ghotphe hub |
60 or the o f I i area of
hi gh pr essu?g&%?%ﬁgﬁgg?%iﬁg%b%@%P %ﬁ%gﬁzﬁggg&g@? Iécﬁglg?t O?Ql?ée%rgr& 1 ess of

t he type of ineatiomigssgetillysetil. t he outer race 235 forns 25 a rai sed annul ar
shoul q?r 250 or Ied%e argund t he lnﬁer.sur ace IQ%S of ihe hg{) 160 agai nst
whi chthe ferrof | ui GIETSaR @ 580980 SHEVIEW phqTe PRI} O AEPIEGIE 0L, t he
enhanced shiigdothddRigQferddfluid £zal a3, suppvired id @ pRoshOWS a shaft 300 which in
this exanple is a fixed shaft surrounded by a rotating hub 302 supported
froma rotating bacKi8Ufos 13825 s57tierad par of thentpidia motys offiiz? Aot at es 30
outsi de a SF&&&EeﬁQ%ovﬁﬁEké@%dggﬂrﬁﬁd H)?@hi%ltd%rfﬁfe ﬁ%&@ﬁt‘ﬁve‘ﬂtigﬁ‘. speed, constant
speed rotation WO 00l 45498 / US00/ 02402 -6 of the hub and any disc or
discs it may suppor Figuret is hpartigsegiona view dfghe msernf Figy3 gpeschemmdticforrmdi cat ed
at 310Q.i ncl udes. i [ [..r 314, e.outer race 314
suppo??s a ssg%‘flmél@% oF glg?lg%%%fh%g%é%\%k?i%usgﬁgjpp@%lttlgngh%tsﬁlcg&'posi tioning ring
328 and a nmagnetic seal 318 which includes pole pieces 320, 322 and magnet
324. The 5 magnetic seal provides t, ﬁ necessary magnetic attraction to
retain the ferrofluid 326 in th eF’éG DesHWUen the ends of hol e pi eces
320, 322 and the outer surface of the shaft 300. However, in order to
maintain the fluid in its location, especially under high speed |ong-term
operating conditi on&IG.rkefaplayieweka Bagnetk disc faveioevaich agpindsanetpc| es,
howev small ikt s i . r i A . fore
becorrggi rrporh'%l gﬁ% a%g?r%%ll%lbf? gazla ag%)?cg{‘%%ghg Il{r%sfelﬁtijﬂgg%&égjl%{cﬁerﬁ?ﬂ%ﬁ%ngelr}; “of the
shaft 300 aféfspestedl@d;odisc drivendl typigally i882ddsnbomsingel 06 bpeng podse 1 WY t he
magneti c seal.. The probl.em presented.b is.shield is the requjrenent for
o Tt ert or drice B SHE L0 R PREBE B 1oF bea T piet Cbeng M ne

i nner surf aGagRétictMEdis (o kitbwnl) {6 Hfeti@lIP 's@¥ AP tinfdfiAAi 0@ dpe AtRhéd o UNT | NY
the shield on the shaft. However, these two parts, | S when pressed

t oget her, mapindled4q-eA prirdle metoy (nosghoxvnda this fige) twaéﬂteép@glmlﬂﬂgv.rowrese
partighes e figkh3d pakQeddAfrifRENBY S whicHhid suBehded abORGHRGs i orfhdli d, oOF
particles greater than 50 ~mw || cause the magnetic fluid to splash out of
the ferrofluid seal 318. Buns or other |ong pieces stretching into the
magnetic fluid can easily cause the fluid to wick out of the region. The
magnetic fluid can then mgrate out to the head disc area and 20 cause disc
drive failure. Any ferrofluid splash or mgration will also | ower the
pressure capacity of this seal and result in | eakage through the notor,
over the long-termresulting in drive failure. Therefore, the approach
utilizing press 400 shown in Fig. 4 has been adopted. In this approach) the
press incorporates or cooperates with a heater to heat the 25 shield;
preferably a closed | oop heating systemis incorporated in the press to
preheat the shield 330. The material of the shield was chosen to be
alumnum in contrast to the stainless steel which is typical of shaft 300.

—— m——— . B Y b S o, o - Y



WO 00145498 PCT/ US00/ 02402 the press, then the press |lowers the shield 330
over the outer dianeter of the shaft. The position of the shield relative
to the shaft is established by having a reference, preferably surface 410
defined on WOMEHUEh of the press which will bump up agai nB¢TY$H&pher
surface 420 of the shaft 300. After the shield 330 is properly in place, it
quickly 5 loses its beat because of the high conductivity of the alunm num
and heat is carried away through, .t haft. .Th hiel.d shrinks t.g fit
CTght by age e vt eiivion B FedReb aFo TR 8rdnigh B SRRED BbL R Buion o
burrs or anyspeédiRkt thefead/ wrigtehds! 165 whitd the suspbisiothire bskelnbly 160 aloeeh the
sufficiently, the vacuum which is in;pose(ij hr ough t he sogr‘ﬁé 420, is
5 9ifadis] ?

Wit hdr awn arf@ad/watefieadsdn prarg oXeh2 nymber of fa Brced drer i ngls B thow 415

| eaving the ghiglid34 SFoR 3681301 Anbd) emBIRBhY reallvkife HeRs 198k resh B LRHd al
preferably changed to al um num and the assenbly press nodified to include

a cl oséd | oopagneticalliignended énfprmgtipie ot the agrdiicanedia ¢n thpsurdasss Fofiths get
tenperature and i necessary expansion to slip snmoothly over the
out er surfac&é}scgfl?g%e@s/?gtgg!b,%atélﬁig' i nner dianeter of the shield is expanded so
that interference balGeRis ddeaiqnalrside dew bhgsiintle aswe Bl yf prype ehchiis
elimnated. As a _result, 15 the particle gengeratign due gaul.ing is

ol 1 m nat od vitprebrEeihinBe ABYeertd: « Fygedly aft arindly i LOHNNE {r ¢ ner
feature of tRadbRMRBLIE0Ravihd arSadlsakRRe 1898sbstd@ouarPétitdrisGligeqad 6her regi on
332 is also supplied or defined in the shield support piece 328. Due to the

hi gh sifeed roshaft bis- ob ferefluidip 590138 perarting fothsrpapsent iangntioasealeprds whi ch
may be 20 Cae@%c't'rﬁc?ﬂ}é b&eashebher sied fo33%hAReh § Aeios 'hné'%grfactquﬁlofo exi st

in the gap 3 centrifugal force created by the high speed rotation of '
t he hub and thhbuls&6). Whé atmeromzagness WG 4ttaches tglagferiphary 195 cfiths bulah§0 | oose

particles to_pe thrown . C o) 3 be held
inthis recexg@rag%wpﬁgtsta?q%é%@@g %@%@@%“L‘g’%{‘%ﬁ%gﬁé f({fg fj%l@’eg“elg\kg@go t he
shiel d 330 athtd Mhemubi6Midismgpoeteden 56 Zhadf 1 15ty e al metyipariigs216. TRE O her

features and advant ages, of the esent invention W be. apparent to a
per sonof skiepnngsitlp %%“ b ‘i‘ﬂ\ﬁh%bfg{"?ﬁﬂ‘% (g8 ﬁ}éo"ﬁtpé’%rﬁlﬂ‘ 4 TG R5ATIRE &‘87 osure.

Ther ef or e) tﬁ@wﬁﬁogga@jbs%ﬂig%e M8 nb108esi che lo mfdRe bilRIZ26 doRBll e kWbt 1€

h
foll owi ng cl ai ns. 45498 g_ Ctains PCTI USO0/ 02402 What is

claimed is: retainen22$ bepyasdae innst @ee $VMpA a8 ongr Bea2Xhdnterfagialispense2dy nore

ball bearin I J { d shaft
ond suppor ¢ P habils 28, Pl 22 S0 Bl S SARP IR0, O RA 0 SHE

and a nagnetwith & baticaig doehdr gréase todhdilibeanoveqeana theballs220.hk Habid- bear i ng
to an end of  the, shaft, d 10 a shield su rted by..an interference fit
near A end GfuBs et Eoper ae i frah e B nRYidheh SHETETERET t he
shaft, a nethedeafthdhdCicngnt e shhit evsl Dyeisiid ptddarspafetating afodvBemerngnet i ¢
seal conprising heating the shield t caquse t he i nner over dianeter of the
shiel d to behgVedparedineanesgn haiiner slagrit - thshup 4e0 anfagquier surBepbiQyi ng sai d
shield on a @iRSPaRIE dge%.u@tal |BG1iSE AedWrassh fr&sitt IEchIAMislShpsdf tover said
outer dianeter of said shaft, and holding said shield in place until it
cool s suf fi divenPtoferatiy, aeaaedless ahthp fype of keeingse? Ipiusedy thewmtsnracei23S farney  di anret er
of t h%SS hi el adra%%j algnrtllﬁlr %ﬁer %@gpfegée &Bur}dr}ﬁe m@; éuﬁagé) 165 of the hub 160

against which the ferrofluidic seal 185 is held.

Referring specifically to the enhanced shield design of FIG. 3, this figure
shows a shaft 300 which in this example is a fixed shaft surrounded by a rotating hub
302 supported from a rotating back iron 304 which supports a magnet 306 which rotates

30 outside a stator 308. Activation of the stator causes high speed, constant speed rotation



2. Anethod as clainmed in claim1 wherein the press includes a heating

system for heating said shield so that the inner dianeter of the shield is
greater than the outer diameter of the shaft. 25 3. A ma;,@ @S& Z&Eal med in
claim2 wh¥P&M#488i d shield is al uninum and said shaft is°s SO that the
shield may be easily heated to have thg I nner di aneter be greater than the
outer dianmeter of the shaft 4. A nmethod as clained in claim3 wherein said

shield is heate 0, t 0 d hr eif 45498 g _
PCT/ US00/ 024’3?‘ A 1}rtr)ezf dlS%c(fr lsmgdgegl1 §§ﬁ?pé’ of AIe \Aﬁlérexamplgala &ep s PEEE hTl udes a

reference syehasly lwﬁlbaﬁudmuoﬁxch@es 1ﬂﬁdrrﬁ:el3€2 efdnge rage 334 tﬂhébl&éﬁraéeo t hat
said shield is | ocated conS| stently in the sane | ocz%}t\| on relative to the

end of the SHASEPPOrAR seal FPRPY! ,&[e“)&nhﬁ% Rifish, supegets poth a pgsifioning ring
4Q pPilj V%é%\Mxﬁ@gh@@ds‘éﬂh@@%ﬁﬁlrﬁﬂh@?ﬂcﬂl&ﬁlﬁ]@]&f@]a%ﬁd:ﬁ%la%flh@éhOPM ca] c<all ¢

<a] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca
[ 17 &) #$ apagngtisskad plovideatbe ajcessanunisnafcaivictial apel] thafeoalliidapen] cal caj ca]
ca] ca] caj ca] %%gﬂ Bé”’clvg&l tﬁ@l:fdg]o?ﬁlcllg BieSé’%]ﬁ@] £3 Lajlu? ﬁ'x]e%ﬁtcl' surfacg_ 913 t@xgs@a’ft

2e2q?u?| 298

Cl DD3E’>ECERBEEZIE}w{vupkmr@e\/}o:mdlmammqm@ﬂnm]omtwn} em]:mﬂ]mﬂﬂ:ﬂaﬁmhﬂdca] cajcalc
a) ca] cay] ca] ca calU| ca g] ca carL m]u ca caKLdE310 (1A
10%8' () - -term ‘operating con mo S, measu € ta en 1o prevent any particle
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gap 332 from the upper pole of the magnetic seal.

The problem presented by this shield is the requirement for an interference
fit between the outer surface of the shaft 300 and the inner surface of the shield in order
to prevent undo expense in mounting the shield on the shaft. However, these two parts,

15 when pressed together, may create burrs and loose particles due to gauling. These
particles may fall into the magnetic fluid. Burrs touching the fluid, or particles greater
than 50 pm will cause the magnetic fluid to splash out of the ferrofluid seal 318. Burrs
or other long pieces stretching into the magnetic fluid can easily cause the fluid to wick
out of the region. The magnetic fluid can then migrate out to the head disc area and

20 cause disc drive failure. Any ferrofluid splash or migration will also lower the pressure
capacity of this seal and result in leakage through the motor, over the long-term
resulting in drive failure.

Therefore, the approach utilizing press 400 shown in Fig. 4 has been
adopted. Inthis approach, the press incorporates or cooperates with a heater to heat the

25 shield; preferably a closed loop heating system is incorporated in the press to preheat
the shield 330. The material of the shield was chosen to be aluminum, in contrast to the
stainless steel which is typical of shaft 300. The material was chosen for its ease in
heating and its response to the heating in expanding its inner diameter generally
indicated at 350. Asthe diameter expands to be greater than the outer diameter of the

30 shaft, with the shield held in place preferably by a vacuum against the lower surface of
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upper surface 420 of the shaft 300. After the shield 330 is properly in place, it quickly
5 loses its heat because of the high conductivity of the aluminum, and heat is carried away
through the shaft. The shield shrinks to fit tightly against the outer surface of the shaft
without any creation of burrs or any other metal particles. After the shield has cooled
sufficiently, the vacuum, which is imposed through the source 420, is withdrawn and
the press is drawn away in the direction of the arrow 415 leaving the shield in place.
10 In summary, with the shield material preferably changed to aluminum, and
the assembly press modified to include a closed loop heating system to heat the shield
to the desired target temperature and achieve the necessary expansion to slip smoothly
over the outer surface of the shaft, the inner diameter of the shield is expanded so that
interference between the parts during the assembly process is eliminated. As a result,
15 the particle generation due to gauling is eliminated while the interference fit is
ultimately achieved.

In a further feature of the invention, it should be noted that a particle
catcher region 332 is also supplied or defined in the shield support piece 328. Due to
the high speed rotation of the hub 302 around the shaft, any particles which may be

20 captured between the shield 330 and the seal 318, tend to exist in the gap 360. The
centrifugal force created by the high speed rotation of the hub and the seal which rotates
with the shaft, will cause any loose particles to be thrown outward towards the catcher
region 332 and be held in this recess so that they cannot escape through the gap between
the shield 330 and the protruding edge 362 of the seal support 316.

25 Other features and advantages of the present invention will be apparent to
a person of skill in the art who studies the present invention disclosure. Therefore, the

scope of this invention is to be limited only by the following claims.
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In a spindle motor comprising

5 a shaft with one or more ball bearings each having an inner and outer race
supported on said shaft and supporting a hub from the outer race for rotation against the
shaft, and

a magnetic seal adjacent the ball bearing and nearer the ball bearing to an
end of the shaft, and

10 a shield supported by an interference fit near an end of said shaft between
the magnetic seal and the end of the shalft,

a method of placing the shield around the shaft near the magnetic seal
comprising heating the shield to cause the inner over diameter of the shield to be greater
than an outer diameter of the shaft,

15 holding said shield on a press and actuating said press to place said shield
over said outer diameter of said shaft, and

holding said shield in place until it cools sufficiently to create an

interference fit between the inner diameter of the shield and the outer diameter of the

shaft.

20
2. A method as claimed in claim 1 wherein the press includes a heating system
for heating said shield so that the inner diameter of the shield is greater than the outer
diameter of the shaft.

25 3. A method as claimed in claim 2 wherein said shield is aluminum and said

shaft is steel so that the shield may be easily heated to have the inner diameter be

greater than the outer diameter of the shaft.

4, A method as claimed in claim 3 where:n said shield is heated to about 400

30 degrees fahrenheit.
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