; NCe3eFxC, "N6$Tx-22 3 J U L 2003 WD 00l 45498 PCT/ US00/ 02402 PART'LCé EREE
| ns

SHI ELD ASSEMBLE FOR SPI NDLE wcwlmm“mm&ence to Rel at 3§ Apblli

This appli i laims priority t ates Provi sighgh t
Aopl i oat i oLOQUIAE S ber 601 117, 822 fddgd January 29, 1999 it}

E, ~~~~"~e, ~.e~"~~ 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 pf QR i ; 6] diski hg drives,
optical drives andp%gi\é{“grﬁo@#IggﬁE?‘?%lsg?%?%ﬂéaﬁaérm%&i%g for
storing information. A typical disc drive has one or nore discs for storing
information in a plurality of concentric circular tracks. This information
is witten to and read fronCrhss Referencese Rglateddpplicationseads nount ed on
actuator arms which are noved fromtrack to track across surfaces. of the

di scs by an actuator nmechanism The discs are nounted on a spindle which is
turned by a spindle 2&1@5@511‘:590@@%@ PRoSY fragegni@ld ShRsPR¢RidHAlPhtehhe
read/ wite heads. The spindle notor generally includes a shaft fixed to a
basepl at e and ApphcasiontSeriahNomber )/ b, 34 felefl dantariazhd@99havi ng a sl eeve into
whi ch the shaft is inserted. Permanent nagnets attached to the hub interact
with a stator winding on the baseplate to rotate the hub rel at|

shaft. One or nore bearings betweepidér edndbifidune shaft faci ”mmmmm'mmm"”m
rotation of the hub. 25 The spindle notor also typically includes AL g
exclusion seal to seal interfacial spaces between the hub and the sha¥t

This is necessary, because |lubricating fluids or greases used in the
bearings tend to give Wﬂ“ﬁ@‘i‘%’%‘fﬂ“&‘o%@%%ﬂ‘ﬁﬁgy&%‘%ﬁgﬁ fdiscdgivenpgd Bk or

di ffuse out of,¢t; [ y 1S Mol [ , Z 3
J UL 2003 @6’3@%@8@%&%}%@%87%@%5& 5%3????@?%%?% s T%‘lhgél\t;gspaor
of t en ty0anspokieshadtfoeputpag thechidd imsplade. as mat eri al abraded fromthe

beari ngs or other conponents of the spindle notor, into the disc chanber.
These vapors and particles deposit on the read/wite heads and the surfaces
of the discs, causing damage to | SGS Jfead/wite heads as they
pass over the 5 discs. Thus, thgaglﬁélgié'?‘:ﬁoorﬁﬁgI'@‘Rag'ggﬁcont am nants into the
di sc chanber nust be prevented.

Disc drives, including magnetic drives, optical drives and magneto-optical

15 disc drives, are widely used for storing information. A typical disc drive has one or
more discs for storing information in a plurality of concentric circular tracks. This
information is written to and reaq from the discs using read/write heads mounted on

actuator arms which are moved from track to track across surfaces of the discs by an

actuator mechanism. The discs are mounted on a spindle which is turned by a spindle

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



To prevent the migration of these contami nants into the disc ;Bﬁﬂ‘g he
| at est generation of spindle notors utiIizeaferroquidicis@ t t he
shaft and twe obuddnsg Ferrof |l uidic seals are described in, for pxeRRb&ez482 S
Pat: No. 5,473,484, which 10 is incorporated herein by reference. A typical
ferrofluidic seal consists of a ferroflupd, an axially polarized annul ar
magnet and two nmagnetical |y pernmeable annular pole pieces attached to
0PPOSI NG f aCgiedre iinfARANCFhid iad: Qe htlsfods oA YEAIIANAlhYasCORRAZE Of
a suspension of nmagnetically perneable particles suspended I n a ul
carrier. Genshradddyfromhbe eagimegs cardher vempohentpioftks spindlefmated inw theedidftub and
extend close 15 to hut do not touch the shaft. Magnetic f]ux generated by
the magnet p%!@%@ntﬁlﬂﬁadﬁp%@%mregﬁ denosit gp dbe radeyTie ?af{weﬁhq e
magnet i cal | Vo RRE FRADkSsiriaAGDES hE Blsbyaltnbhe rdodRe FEHER iy s TBARELD ©
gaps bet weenot e lpol’e Sl"gf:ags gn?tﬁe Ss%;%@, traer el:l)y feor r#'ng yla{ﬁgea . te
HoweveB, a pdieds. eThay,itbemifmoom tdfehesei winéemeieamt ipar thecdiss clambdrhaudti bee 20
whi ch nmay exist or be created during assenbly of the notor. For exanpl e,
the typical PiEex@ic&haft has a center hole into which a screw is threaded.
When the screw is ba . ver 1 t: iLcl.es may
be created which couﬁg%?%’?wtpgkéé{aﬁghggﬁre%ef(i%l?l a&‘.[‘ m%tf gﬁ ggl%hdé%e&%{éntgﬁﬁk%de in

the past to RE@EEendradidhelf shisdie ondths udites fatbffiagie sed befwdehehesdhafitani heser ve
as a cover over the ferrofluid and prevent particles fromfalling in.

However, t hehwherKerfodlsidieealsrare dessribed oméer examphs Uhe dint Nt 1.4 BB 4% ediich

di rect,l.,y above the magnetic fluid y.. create Qurrs and | ops rticles

whi oh 100ul'd FareRpr R PRty el issy P LB oM i el s BRSPS
coul d cause ihexiamgpslaried larhﬂlﬂartﬁa_a%ﬁ;t a6 ttmadnetibly p&inthablUiinifl pofd | vers
of netal could be created which, it they protrude into the seal, 3(5) could
cause the f epicesds|affaghedtondnposing facas offthe meaggap. The ferdeffuid on comvedtimnallyshi ng
t he 23J U~ 20%)3 WO 00l 454%8 PCTI USQO0/ 02402 - 3ef f [scti vengsqs. of .t he

seal , duringCUPRASEY PEA SBIPCRHEN S KengifelY inermeatle perticles Juinspded ied Jrid
drive, the flLiy; i ; ] f

region to th%ﬁﬁgég%gikgg?ht?ggﬁgﬁ% aﬁ‘%’???&é%ﬁ%@gﬁ’ ﬁi&rhg%q%gﬁrﬁgﬁélg%e a

sol utilén i s ndaddéendtoowmtidieshsiit Mageetiprfbixl generated b@ithemaged passestheough the

advantages of thjs invepntion w || be apparent to a person of a skill in the
art who st udP¥§Pieses %ﬁﬁﬁ@fw&l%ﬁs@a %h%lyga%ﬁaeba%ﬂwagﬁct&@waﬁ@ti on

W th the assggi ik : érsl"@cr 13 1
i nvention prgl\%if ecgﬂ‘é%prgﬁg ugcgg sktu% dtlhﬁ Sltefli_;]elélcsg%}rlg eljﬁ?%fzg?ergg}en%gﬁﬁen c
seal from pastéatles or the like falling into the fluid. The invention

further provides apparatus and a nethod for installing such a shield

wi t hout creating par tovyeyern grprablemsarises flom Hicgexigienss of partisley pad) theghiks of

t he i Byenti of4.;: ' £ [ j

I i R S R e R L AR
provi ded whi fiked shafippo céned hbledmoawisielnh sqepiothiremletc Whea thawcesw afttadked t h or
adhesively attached to the back iron which rotates wth the hub, the seal
nmagnet i ¢ pol eutpfdheholeeantnnmagrgishiridles waxbe casaedshigh soulddpl bip thed

bet ween t he %Qmm%s of the pole pieces and the shaft. A vacuum press hol ds
the shield piece and heats the shield to a tenperature so that the inner

radi us of the washer Esfoapashestzh nitide ¢ethepabtad @edss aRBRId fifto SHélRiterduam®t er of
the shaft. The press then |lowers the shield over the outside dianmeter of

the sRaft; takthephadlte serve poa revesuer thy feprofaidiandpravens patticlsa fiom fllifgdoe on
th whi.ch butt inst th f th ft,. withth

ol di ng. 25, pAPRRU F Seidalb 8 MEteehrtey HyEn PR AR bty el oY nce
to place themaph&icdnan, e cRufeShiFes Md 1bb& sdaties whscl Bil$ MBIt aRohgd. it

presses agai nst the outside surface of the shaft and is fixed in place
Wi t hout any Partitles S@snibronngr gncetst aubizdhddudd cause ithe magretiofbed fo splastoneehn

haf t d shj,el d,j tablished. | furth f f the i tign, th
seal  suppor t Ueieich FuERparreR ey b Rty BRb B pro e i el
seal , 3pBY | NEHHERaReGRE FHRINUIERERPeriRi it of @%E8ag. N addition to diminishing the
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catch any additional stray netal particles which nay exi st gap

bet ween tl'wos,m‘%gl pi ece and the rragnetl c seal. In a preferpeqln,sﬁmmbﬁent
of the invention, the assembly press, in addition to including the vacuum

for holding the shield in place, is nodihfied to include a closed 5 | ooped
heating systemto preheat the shield. The features and advantages which

character| 2guldige e set séa[wcﬁ;%g%@emlbh oPcARRG! Gtk itIPRRIRAMH DB dIS:

foll owi ng detailed description review of the associated draw ngs. 10
Bri ef Descr e, die fafid tindd BrthwhegﬁlaEhgwmigrats oat qflitemetcevegibn o e deaddr i ve
in which a spindle notor |ncorporat| a ferrofluid, seal and h| el d
according t disaarea pisbeAueAisc grive dlu-e ?Oferﬁé?ll!lfl%lslr?e@%‘g Teﬁ?thﬁgeeful
15 Figure 2 IlO%le sectional side view of an enbodi nent of a spindl e notor
|ncorporat|P| *errofluid seal as supported in the prior art. Figure 3 is

a parsial SeCtl onal Othe'feaiiret el Riphindy e aftioinveftionivgil b2 apsarefitds 4 pesbrt 0 show
t he seal support and the shield of the present |nvent|on Figure 4 is a
partial sectl arikill in &y aft Wi stidics thefexemplary disel %%‘hf‘eﬁ%tbiecglf'@‘r RelPW Bhowi ng

the press shield and. LE used to position the shield.
Detail ed Deg%:wrbcttmg %IHELEF%%M erae%lq AR view of a magnetic disc drive for

whi ch a spindle 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 housi Symmsyefthadneentiose 110 joined to a cover
115. A nunber of discs |30 having surfaces 135 covered with a magnetic
nedldo(not shown) for magnetically storing information are attached to a

spindl e 140. A spi nghe oL in{dhdbon prOBes! dhphiah b QHéISDn {He rk%mtﬂm?d &P ndl e
140 to rotate 30 the dPscs 130 past read/wite heads § are
suspended ahmgeetsuehldtas paBiciesfortthe like falling into the fluid. The mventlon 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. Asthe 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
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assenbly 150. In operation, the discs 130 are rotated at hi 33#@3«17@;&

t he read/ wwbaohesds 145 whil e the suspension arm assenbly 1pSrARyRR462E
read/ wite heads in an arc over a nunber of radially spaced tracks (not
shown) on the surfaces 135 of the discs k3U. Thus, enabling the read/wite
heads 145 to read and wite 5 nagnetically encoded information to the
magnet i ¢ medighOfhd lben ) B&sﬁﬁ&ﬁﬁ) cta?e'é aal aﬁﬂ‘x‘ﬁoﬁlzll%ﬁﬁy Adthl gtnws %tlaﬁmbgveﬁtst ons.
FIG 2 is a sectional side view of a spindle notor a type which is
especial ly usethalamgapd:emeedﬂhwdselti@t‘nceiyfbﬂtcahzhgnetlheeaép| ndl e notor 155

i ncl udes a rotatable hub nner surf ':_Bdl sposed, about an
outer surface 170 of T@pff e’%\o @FWFPW’H as¥ER ])_[BT@ K&y t o

t he present 'td\‘ﬁ@lﬁhh@lhé%’éuﬁnﬁfﬂf’hﬁh gttt'ié ﬁﬁél&%ﬂﬁ’&”%%édxﬁ@@toq%lﬁ&e suptace 170
of the shaft 175 to the I nner surface 165 of 't he hub . One or nore

magnet § | 90Ilmiptdbbatthg systampeprgdieer the $8i6ldof t he hub 1 bO interact with a

stator wi nding 205 at ed to the base 110 to cause the hub 160 .to rotate
The hub 160 is suppor }&fh calpyres zgﬁgﬁagq %c%tg}zemgewémm@%owg The

15 bearings gé ﬁag&%%npipght P tf?@lfé)llmﬂ (eﬁsdcfs@(g}‘é‘ﬁen Qhd FedibWl Gr gyham c

beari ng (not bal earing gene Iy I nc one or nore balls
220 | oosel y hsodiated draweigai ner 225 between an inner race 230 and an outer
race 23S. Interfacial spaces 245 between the balls 220, the retainer 225
and the inner and outer races 230,235, are filled with a lubricating fluid

or greggse to facilitate mver@ngfﬁgsc}ﬂﬁmg%lfltﬁe ﬁFQng a fluid 20 dynamc

bearing, a lubricating fluid, stc provi des a bearing

surface between the hub 160 and the shaft 175. Dynam c pressur e-generating
grooves (not shown) formed in races on the inner surface 165 of the hub 160
or the outer surface Figaeol is Heplonafiew196agdipedaive ia whichl # spindlg ewotef hi gh

Pype.of bear Fitguondie  SHORRRLIG Wfsnidf acShEhEiT R borbaMl B aRinsh 7

shoul der 250 Qfenligfieespe@Mniuseng, i nner surface 165 of the hub 160 agai nst
whi ch the ferrofluidie seal 185 is held. Referring specifically to the
enhandéd shi el d desi drigwk 2Fs@ seBfionahisglef vigurod as et dimentaifta Sodlevmagor i n

this exanple,is a fixed.shaft su rounde @ rotating hub 302 supported
froma rotat i“}?ﬁrQ%%tR“g?geﬁmgﬁ f’ér?“BB?J%cS‘%é Pt 306 which rotates 30

outside a stator 308.gjAk V@ bgﬁrt&i sbAifonal Fe@r ofc e di %bt&p@ﬁflng QoRst ant
speed rotation 2 3 J UL 2003 WO 00/ 45498 PCTI US00/ 02402 -
modified to show the seal support and the shield of the present mventlon
Figure 4 is a partial sectional view of the motor of Fig. 3 in schematic form

20 showing the press shield and shaft as they are used to position the shield.
Detailed Description

FIG. 1 is a plan view of a magnetic disc drive for which a spindie motor

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 105 having a base 110

joined to a cover 115. A number of discs 130 having surfaces 135 covered with a
magnetic media (not shown) for magnetically storing information are attached to a

spindle 140. A spindle motor (not shown in this figure) turns the spindle 140 to rotate

30 the discs 130 past read/write heads 145 which are suspended above surfaces 135 of the



of the hub and any disc or discs it may support) In this e | | 1
bearing generally indicated at 310 includes inner race 31222£5]@&:20%3ace
314. The owedo/dsasze 314 supports a seal support el ement 316 petiiisgesiueport s
both a positioning ring 328 and a magnetic seal 318 which includes pole

pi eces 320, 322 and magnet 324. The 5 nggnetic seal provides the necessary
magnetic attraction to retain the ferrofluid 326 in the regi on between the
ends of hol gispl GELsispaidiondt a@é&xﬁl??sm%%berﬁ%ﬁ aK&disds 18D arcdfiéd 2@h
However, in order to maintain the inits location, especially under

hi gh speed bygeed phstitin ropd waite hﬂgdeMﬁjwhnlea&hs suspenson esn mssmblyel Vakeves the
prevent any particles, however smal r falling into the ferrofluid 326.
Pt Chas. t o) RN IEdENRD AR at ke bR STbiay Shated HRaS(nAshoRae 81 4 acont
the end of Lhge0dordhiandopaGRd asn@gae?ea%mhte HOAR 133% faihd R pper
pol e of the magnetic sea e prob esented by this shield is

requi senent ntafgnetamlly rherdedrifoceatior tothe wmgnettdqmednatoaarthe aniffaoes 186 of Intm shaf t
300 and the jnner surface of the shield in order to prevent undo expense in
nmount i ng thé“§ﬁﬂ@?ﬁséﬁc@ﬁé‘§ﬂatﬁ However, these two parts, 15 when pressed
t oget her, may creat u kgl

particles may fall ?ﬁ 21 i%ﬁﬁgoﬁggﬁg\gﬁgﬁtﬁ Eﬁ?gﬁﬁ?%ﬁé ?ﬁghgﬁé ? 3% or
particles gegrtrill tttsatral 51€)d(§erdr)\msvw0|01 Typicatlyt the spagiienictof 188 dhdlwdespd ash
out of the ferrofluid seal 318, Burrs or other |ong pieces stretching into
t he magnet i totptablechubdA0 élagmgyneat@éeurf%e 166 disposed e\tapekawtercﬁmrfiaﬁel?%g on.

The magnetic ca ea an cause
di sc “drive ?asfnf‘ﬁ @5 A&fe ﬁlrng‘ %e?ld?ég écs r&’m%qg d]gg’g?sg ' mv tah %e(?gﬁ %vger t he
pressure capReirichllPtodnlLS tifeclterdefab €510 &f th@sﬂaetamge tttéthﬁa@m:rtabe 169bPT
over the long-termresulting in drive failure. Therefore, the approach

utilizing ptf@s@lmw s@@%ﬁr tmrq:mggnezls b atirshed b perehery 493 ﬁfﬁwalptbr Wdth, the
press |ncor rates jo at es t er to t the,2 hi

P e or abl y TEReoRif pooREREME L, dlefrd SR bat bR rR dE R LD
preheat theghiee1the 330 160 Resuppbeed & th@fshéfh@7§ ehelomsreqtaeﬁﬁgs 2 05.bEhe
alumnum in contrast to the stainless steel ich is typical of shaft 300.
The rtét eri abeavings@idseambé eithdrtashadlabearing (meapwnboamﬂuxdt@naes@bmmgt(oot he

heat di di. anet L digated at As th
i amet or  oxBRD). 1 Sl Bl Enere BT e Sl it el 2P0 asore R héé%mft o
with the Sht&bﬂepﬁs%étﬁeéﬁ ACAEY RECIAPING dVoRerRGLITT, ABRI Sl biRed

surface of 2 2003 WO 00l 45498 PCT/ U500/ 02402 the press, t en t he
press | ower bettvhaen ﬁmbelldzzﬂsﬂtmmmet P25 oultbe indesaret erterodces B30, B fare filldre

iti f th | d ti t haf t t by h
et er ence. M RaHrge (G ok EERSes oA Gkt BHVePg e BRI FR0- Jacbiidn oh
Wil dpunp ugy egﬁtcrt)%tnrtgﬂemweeﬁngsmta%eh 482%5‘6{'ahaﬁldsﬁ%(/fdeﬁgQearﬁ{gsﬁffaéé‘e

shield 330 i5 properl lace, It quic | oses its heat cause of the
hi gh conducbetweey tiof hubth E6Gandriha shaft aﬁﬁ ﬁ)eraamlcspreesrure gcheaatang grbowghot he

shaft. The shield sh nks to fit t| outer surface of the
shaft wi t hoSROHR “é‘latt‘F‘t?ﬁSB‘Ftth‘F‘teé acaﬁgg”s tﬁeﬁwwee%?rt%wt?a ce Ml er the
shi el d has t he
source 420, %?gle\%ﬂ?ﬁgr ae\/}gtdegdrll%ht%cah re%gacl S % %ﬁg%a@l%hﬁg@%ﬁgaﬁ egltg?}gbn of

the arrow 4habl Ea:férmlgytxhgaxﬂtwebﬁhe typelofibearink® 21 f usadytherontertadet2SHormi el d
mat eri al preferably changed to al um num and the assenblgépress nDdlfled to

i ncl ¥de a cRddised P%&arrﬁéatltdﬁ'g%%t kA aronad the maesurre 10§ of e as] 6
t ar get terrpeléﬁh&rve}%lapg]eg?g%@ygmtsg%lrggqﬁﬁaary expansion to slip snoot hI y

over the out@r surface e ITnner dianmeter of the shield is
expanded so that i ntRuféeihgReeifieiliyas thetdnBamd shiettiddsiys dffFEGas saiElgurer ocess
is elimnated. As a result, 15 the particle generation due to gauling is

el i mi nat ed WhowWea shadt 3QQt\ehlf:lerreth¢SeeXfarrmlq i§ alﬂxsg ﬁmfeaslwcm@muéb}ea rotpinghdtur t her
feature of |nven that art cher region
332 15 al so 08 BHPERR BPMasblesg Btk 3o RnEh B CheB e L Bl uS8h Folies £ 0% e
hi gh xypeed baisidd ARO308N A ki cBQ2 Rt ahHig hﬁgrtsas bted, a&nstmgrséeelraﬁmw ch
may be 20 captured between the shield 330 and the seal 318, tend to exi st
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 | oose
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 protrudi ng edge 362 of the seal support 316. 25 O her
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 [imted only by the



2 3J UL 2003 WO 00l 45498 PCT/ U500/ 02402 _g_ C ai ns What 6% clal ns: 1.
In:a spindle nmotor conprising 5 a shaft with one or nore bga mlﬁﬂgg each
havi ng an wog®4s4sd out er race supported on said shaft and BIKIpseotR2402 a hub
fromthe outer race for rotation against the shaft, and a nagnetic seal
adj acent 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 bet wegntieltibmagN&iy 6iscealdirpadt ina¢ sapgoref Ihhbisshabiple,a BRI Besim
pl aci ng the shield around the shaft near the magnetic seal conprising

heati ng t hegeneradlydndigated atst Ot ineludesianerages 3 13 andeqwdst rage 3 He Bisi aaltes race be
greater tha meter, of th af.t... 15 hold said.shield on a

press acid gk‘fg%fﬁ’:étﬁtg ras gei[a SPPRALY e]tegleraaiQ “hichy supp Sd{"%e% PESIHEMBETHIE

di amet er of 334 aﬁ’ﬁb”%n%tic 203 OB N thcideSp B 'B?écés 370, Bb2G#d MAkdd 304, TIRO! S
sufficiently to create an interference fit between the inner dianeter of

t he shi el d magndtsead prendaditbamicessanfmigretic htfactio? ® rRtaivthedtnafthid32€imi med
in claiml wherein the press . ingluydes a af | stem for, heatjn aid

Shi el d S0 t HETCQHRbERrED s eainpGolop ectics Onpes Bd cé’r“éeétSHFfa‘E%%iﬁi‘? shetbut er
di amet er of 34ty i i oo a8 ' i Liai | aid
shield is a ?1631 nﬁ”ﬁmﬁ%anégfﬁos hzli?rfghi S slf}ggﬁks?ggiﬁﬁ)gf ébtp %elalsg]ingcliégﬂ%ﬁbﬁbeéeasi |y
heat ed t o hiong-tére opematng domdiBdey; nisgreeatst behakert e poaveetr ah panticks, of t he

shaft. 4. A nethod as clained in claim3 whereip said _shield is heated to
about 400 3b0\ﬂt“é/§f—‘g§§l ,ffnggi,r]:ﬁgipgo tﬁe terrofluid 326. It has therefore become important

10 to put a shield 330 in place adjacent the end of the shaft 300 and spaced across a small
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. In this 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. As the 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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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.

30
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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 shaft,

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 shafi,

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 wherein said shield is heated to about 400

30 degrees fahrenheit.
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