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FERROFLUI DI C SEAL BETVEEN A SHAFT AND A HUB FOR A DI SK HARD DRIV 10 15 ¢
Cross Reference to Related Applications 25 This appll aﬁ 9&? priority
fromUnited States Provisional Patent Applications Ser'i'dl “Nunber 60l 116, 758
filed January 22) 1999, Serial Nunmber 30 5 601117,826 filed January 29,
1999, Serial Nunber 601121, 687 y 25, 1999 and Serial Nunber
601124, 629 fi MedY4Efch 16, 1999”muﬁmm%mmﬂm e | nvent i 8AB$0 The present
invention relates generally to the di sc drives, and nore
Sparticularly to an apparatus and netho& for providing a reliable, 4~
ferrofluidic seal between a hub and a shaft of a spindle notor in a disc
drive. Background ntlon | S 45 Disc drives, including magnetic
di sc drives, opti c%{m%fp@g I‘I%VES A n%“a"g"n”eU BORéﬁrﬁHééqﬁkdEsc drives, are
wi dely used for storing Information. A typical disc drive has one or nore
i scs for storing information in a plurality of 50 concentric circular
tracks. This Information is wwitten to and read fromthe 20 di scs using
read/ wite heads nounted on act ich are noved 53 18 J UL
2003 WO 00143698 PCT/U800101567 HMEHM@H@@ to track across surfaces of
Ihe discs by an actuator mechani sm are nounted on a spindle
which is turned by a spindle motor t§%fss the surfaces of the discs under
the read/wite heads. The spindle notor generally includes a shaft fixed to
a baseplate and a hub, to which the spindle 5 is attached, having a sl eeve
into which the shaft is inserted. Pernmanent magnets attached to the hub
interact with a stator winding on the baseplate to rotate the hub relative
to the shaft. One or nore bearings between the hub i5 and the shaft
facilitate rotation of the hub. 10 The spindle notor also typically
I ncl udes an exclusion seal to seal interfacial spaces between the hub and
t he shaft. This is necessa@tyss mderanceto RelatddcAdpliegtidnkui ds or greases used In
¥he bearings tend to give off aerosols or vaporous conponents that nmigrate
or diffuse out of the spindle nmotor and into a disc chanber in which the
di scs are naintai ned. THiaeriFales Faige pagittiomtinpient StatesiyovsiongtRatant parti cl es,
such as mat eri al Applraashedefial Mombdr 60/bEETSE figs Jamuap L) @soccBerpNeides of t he

i ndl e notor, i.cl es deposit on
2P 5 %9137%9@139& %ﬂu&g%{’%‘ég Ser P?ﬁﬁnﬁé@é’&’iﬁ 6%9ﬁle@?ébtrﬁa§}a P

the read/mmlte hea cau5|ng mage to the
di scs and the re&dl$HPiene SHEhYIMbEE ?Pu%ﬁrs diled My t#@ 30 discs. Thus, the

m gration of these contam nants into the disc chanber nmust 20 be prevented.
To prevent the migration of thesgugepiaHveaiss i nto the disc 35
35

10 The present inventlon relates generally to the fisld of disc drives,
and more particularly to an apparatus and method for providing a reliable,
4r ferrofluidic seal between a hub and a shaft of a spindie motor in a disc drive,

Background of tha Invention

15
® Disc drives, including magnetic disc drives, optical disc drives and
magneto-optical disc drives, are widely used for storing Information. A typical
disc drive has one or more discs for storing information in a plurality of
50 concentric clrcular tracks. This information is written to and read from the
20 discs using read/write heads mounted on actuator arms which are moved



. chanmber, the | atest generation of spindle notors utilize Ligro indi C
seal between the shaft and the hub. Ferrofluldlc seals a1% (Lri I n,

for 25 exanple, U S. Pat. No. b, 473,484) which is incorporated herein by
reference. a° A typical ferrofluidic seal consists of a ferrofluid, an

axially pol arized annul ar magnet and two magnetical ly perneabl e annul ar

pol e pieces attached to opposing faces of the nagnet. The ferrofluid is

conventi onal | yweeMi#8ed of a suspensi on of nagneti cal | BFTREWA/EED| e particl es

suspended in a fluid carrier. 45 39 Cenerally, the net _and the pole

§i eces are fixed ™% tiaﬁ'é{"tﬁ?ﬁk 3?5%55&‘?@%&@?%@%%%356?5% R 2EUch the shaft.
Magnetic flux gerfoe diseuarbynounied nmgiseindipabisiels turhedihspitide potoetopi eces and

tP ?;% agg; T WI;IG gh phﬁstﬁésﬁﬁﬁaé@?ﬂﬁ‘édlé@hhdérélg{e%dﬁﬁfeéwe%%. ﬁé&dm%%l _JV\D p0143698

py per 0 netica 0 errof luid in gaps

bet ween t he pol egﬁ?aﬁﬁg‘cﬁﬂ%f%ﬁqa%‘ﬁi%%aﬁﬁ’é‘ee%‘ﬁaf‘t&? WiFndhespinde Ag not ed
dPove, curr®ent f ér attachadh bavingse slpeve e walch dteathiafids idesstedn Permanent5 whi ch t he
matgﬂet ?_nd golﬁ ﬁa@ﬁﬁl§atﬁcﬁ‘edﬁ5EHﬁ?{ﬂﬁlg§&a&W@\hi‘btbtorﬁﬂﬂrc\idmr% s§sre9;mlew d steal S

Wi a fixed sha 0 S as r or. conventi ona
spi ndl e notors, f%@tafeﬁ%}g‘ﬁg‘g@%g@?q%ﬁk‘gc?"er?ﬁm&ge?%lgﬁ\é\%wﬁ”ﬂl"ﬁr&‘ﬁ 15 speeds,
oft en exceedi ng =8¢ heGhaffediitate ratatisn pfdre ibnut e (rpnm). The centrifugal forces

devel oped at such high speeds often exceed the ability of the 10
ferrofluidic seal's magpetic fluyx to hold the ferrofiuid ainst the shaft
due to thel‘iel ocity grgﬁ?@?‘ﬂd'earﬁ‘%{?{s%s°t“%:a?yé?‘ih@ﬁfﬁ'?ﬁffcruf‘gréfﬁa? g’r?ﬁ‘qi n the
failure of the fénertatinispakios bedwedn thechupaincihashaltaTHinds rasesseryskeshuse Accor di ngl y,

there is a need fiydficalind RlidsQt brebsts GscBRihe bBathoSLAd B g8 o dbBSoie 15 surface
of a shaft to an inner surfa ft. tis

f 2 hub. ¢ the Sh
Cesirabie that -t HERTEeBtdPa notmdpbrataBRE e SRS ERTE L Ll b e
at hi gh rot at i onaldisg paaperin Whiehrthe discs afeqnaintainede dhis wapcroftariraneeprist f or mi ng

such a feniof | Ui @lter pedbied, Niakth deaBatedl sbREECHSA Bk tHeBANgIBRUSAGL Uring tine
df costs for so assenh seal i.s used. 20

Ling a spindle . or .in.whi ch..t he
The present. i nvedenanons SUnGalle o FRYR g et Tt sREnd5 pr obi ers,
and of fers ot her radicies dengeit on ey reediwritp hiegrts andt the Suifases 9f B¢ diske | nvention 25
The present inverhisihg daMbaite heldRcPdhdMrasdniS ndak aSBeY padgotdhheout er surface

a shaft to an jnn surface. of hub .di sposed . abput the shaft that
sgl ves the abovedB?Soﬁ{h%ﬁ'rg".e m'%rgt'c’g@fti%sc?&f’r&flgrﬂ'agrg%'mgﬁ% dgsr?ﬁ%a :Lr?é'ﬁlf's?} a seal is
provi ded h#vi ng &aareMeni#dar magnet, with top and bottom pol e pieces coupl ed

to opposite poles thereof. The pol e pieces have annular shapes and with
'agt erior radii that ar ?olp%vgﬁtrthg n%S’ration of these contaminants into the disc
chamber, the latest generation of spindle motors utilize a ferrofiuidic seal
between the shaft and the hub. Fermrofluidic seals are described In, for
25 example, U.S. Pat. No. 5,473,484, which is incorporated herein by reference.
4 A typical ferrofiuidic seal consists of a ferrofluid, an axially polarized annular
magnet and two magnetically permeable annular pole pieces attached to
opposing faces of the magnet. The ferrofluid is conventionally composed of
a suspension of magnetlcally permeable particles suspended in a fluld carrier.
30 Generally, the magnet and the pole pieces are fixed to the hub and extend
close to but do not touch the shaft. Magnetic flux generated by the magnst
passes through the pole pieces and the shaft, which is also magnetically
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.. 18 J UL 2003 WO 00143698 PCT1LTS00101567 5 than the radius of the outer
surface of the shaft. The top pol e piece includes a'crosq-ﬁ gt[jpr'@ﬂ][]@rea
that is L-shaped, with a Iong horizontal portion parallel To a surface of

the pole of the magnet, and a shorter vertical portion parallel to the

outer surface of the shaft. A ferrofluid is magnetically held between the
ro 5 vertical onion of the to p p pole piece and outer surface of the shaft
to form a seal wph@ep@ébet ween. CGenerally, the top pol e pPEfBIYseSepar at ed
fromthe outer surface of the shaft by a gap that is snaller than the

di stance separ at i regneakie. o gagriicaliy held e lepaluicingars hetwpBtibenplqRiaces pi ece. in

one enbodi nent, tdne theldnalt, sheraklyddrmlng a ssalppor t ed about the shaft by a bearing

including an I nner race on |0 the shaft an outer race affixed to the hub,
and the gap is smaller then the distance separating the tap pole piece from

i nner race of the bear iffgiotediabpes gistept femefluidigisedls Lee piokating FREENA cur ved

dBrner wherg the Mﬁdhtma:mlagnaoartdpubpnase@Sretdﬁaemtmrthamu ald Ppefdmofiid t 0 spread a

magnet i o 1 UX 9" aENlyOUHioR i IKuBuld SHAM pa Bl duG, ferrof | ui d

to be held over a er area e vertical portion
al so includes a cigp\eSHCNg| $pingte ’F?tgrsifB?\A‘?FeséQRi‘e’aF'W %fri'@ﬂt‘l’féfm%tﬁﬁbﬂﬂﬁrent a seal
ig provided for sepaédsgitenexceetiey 13000 fetsletions pe mMatpIH). Cﬂnbb@htrﬁeg’aneabl e shaft

o an inner surf ageepheiiddlh af Gudl AEPIEEENALL s e by Wenseal has an

annul ar net i eces opposite
pol es ther Bf arfﬂ"QﬂH@'ctsaﬂ557?6"95’61’“6’691“3’%@f?ﬂ‘@t"%gq'%}hﬁ@h%ﬁQ’:’Gr‘ﬂ our ed
portion of t he Outhe fvelaiy fgraitend Bicrbssethe Hartdiluid MesettingSinthe fdilonel @irthy, t he
cont oured porti or*egmﬁ,]u,ﬂ(&sga]ff‘%iggm L&efhdi@BSi P Wi th the interior radius of
the, top pole piece erroffurd s nagnetlcally held in a gap separating
the top pole piece fromthe outer surface of the shaft to forma 25 seal
t her ebet ween. The cont AAccedinginitiaraina heed fad fetrefuidic sealine teats dnlouter ©  gr adi ent
that axially cOncenldedsnduifad ffd-aliddt brd f E?igso&aab&ﬁfh\é@% tdre top pole

pﬁsece and I'n one versi on e I ment e contoured portion
i ncl udes a rai sediesiAbirdbatdf fprpiividic seg pf%(E’Fﬁg*trl"‘éﬂ"at“?abﬁﬂiaB'e\Ri figh t he top pol e
pi ece. The cur vedottiorbbspeedsyTHee: saisyedndey for paiethodfof foxniag lsychsepar at ed 45

30 grooves machi r\‘@ﬁoﬂfidfc%ym&[é’d&h@t“%ré@@@&%ef-rh&u@éémﬁg ke dracgs Bf the shaft

forma curved sur bet we %r oves th Is raised relative to the
grooves. Alter nat?smli"?g?ﬁ@”%%ﬁ?@ﬂ?é’ﬂ BEeEeR i LEﬁ‘ﬁ I ncl ude two inclined 50 4
55 .18 J2 ~ ~~~~ WO 00l 43698 PCTI Cl S00101567 5 surfaces intersecting at

an angle to formthe APy ;%seﬁt rn»mo@*arwmes Resoita tto mEQ@aﬁa Reghefan be a
separate el enent co Xi a to the shaft, or an Integral part

i xed
ofs the shaft itsédl¢b em%a'éam‘i@lleﬁf" 8 a%??l%ﬁ”B‘TprtoﬁF% embodi ment, the top

pol e piece has a cross-sectional area that is substantially L- shaped 5wth
a long horizontal portion paral kghnaf é théinl&fienof a pole of the magnet,

and a shorter vertical portion substantially parallel to the outer surface
of the shaff. The top pole piece is positioned so that the vertical portion
i€ In a facing i5 rel atTihepsaen innprithn tefrtesdo an appastispasealiogthebOtet N anot her
aspect, the invendimgd of§sﬁ'éﬂrt6(a‘ﬁ RflerdQride 282 hutf &?£po§&?elbbﬁlghé‘£haﬁ%?r surface of
a shaft to an Inneh @ Sl a _magnetically pernmeabl e hub di sposed
about the shaft. SPHE® ¥83 °"FHE?I GH‘@S an annul ar magnet with a pair of annul ar
p%I e pieces coupled to opposite poles thereof positioned between the shaft

and the hubg The pole Fllc@&@iﬁgt%bﬁe&ﬁlﬂﬁrﬁanH‘s@aIHBHNﬁédﬂa@inan%u%5 per meabl e
mat eri al and have exterj.or us of the

a
"ner surface of AR oA ket Rol ke SRS pptoRe plp St 1 xed o
t he i nner surf acethefroletpiectaihave Bhaularshanes end it intedonradithatraregroef
nggnetically perneable material that has a curved surface In a facing

relationship to the 3



., 30 exterior radii of the pole pieces. The ferrofiuid i“;ﬁr@ﬂdkt 2893|y hel d
in a gap 20 separating the pole pieces fromthe catcher to forma seal

t her ebet ween, so that when the hub Is rotated relative to the shaft)

spl ashing and outward 35 migration of the ferrofluid is greatly reduced.
Preferably, the curved surface has a cross-sectional area having a U shape,
and is oriented with relation to the exterior radii of the pole pieces so
that the open wnWssesf the U shape 25 extend radially iPﬁvmﬂOIfﬁast t he
exterior radii of the pole pieces. The catcher_4' can be made froma single
i ece, or can ha\V@”él‘et’%”%ﬁﬁ e QUISERUITATR 35 Breshalh ThA P PARBIeFNed®St o form t he
curved surface, anrthssaetiofal avka thiticlashabed, Wit ignghdrigortadportbsh paratidl t he hub. The

catcher is affi x%ej %@F%ygt%&%mg @n %‘s‘lﬁ&er@&ﬁcaﬁébrﬁ}ugrp'{;ﬁﬁelor a plastic

border. In one pr ao e pleces errofluld,
catcher and hub & tBe eHigf&udRCe af tegghait oAterr J@dﬁ@%ﬂf’ﬁ?‘@@’ﬂ?ﬁ’tb@me&’l‘@esuch that the

pdl e piecess are ebmed portianl df thecoppleaiece @nd Bigershddce of thiaehdftes fooh bui d 1s

T80 555 ) 15 O Een BGeR. REER AP sk pHFRE e el [T Cot cher

coupl ed to the hawfackstige HiaBPYP aeA Yatis Fealigrtbasing digipnce §¢P3f3489 1981 e pi eces and
t.he inner radi ust@fpotel‘mecbuhmahebcﬂe}nqmteqﬁbceolrtdnatembbﬁmemirthahm iar ea of

ferrofluid el ect rétgtgt%]yélupggﬂtégléb?&fgenshhﬁ'gyQﬁéﬁlngln@lﬁﬂﬁ%%] Pinfidifacg@hcher provi der

resi stance of |es er as ect t he present
i nvention & di r &gt 80 oYesp i’f@f?ﬁrt?/ﬁ‘f*é‘f‘?ﬁ“f’meoﬁa@ I srmaller then W&, i ng a
stationary shaft dis@mnee sedasdting ¢hehiop . polEhmleckSfraed frmet scefof tHeebazemd.r i f ugal

forces which tengd a&wé?optaaﬁ pleRE hgééeun%dfoemmr@mveréca%rone magnet of a

conventional ferrof di c seal and overcone (g |I|t\é of the seal’
magnetic fl ux tolc’r‘ﬂflﬂéP 'P‘Fi'é°'ft?'tﬁi"ﬂ°'hﬁéf”ﬁ§‘ﬂ af'}?@"e‘é'ﬁﬂﬁ"igr? eUBYRNPEARR by af f i XI ng
the seal Itself tacattheretsyt ertabiogdne feghidld to B Helir oved anageTereac Moreel d armi s

attached e the pRkaliyithefdfica poidritlo fdifedRANG b P gkl oA M P Ot rudes up

t?Ar ough an 1 nner amet er of e magnet and pol e pieces of the seal. Thus,
the rotating magnetic shield armextends radially inward fromthe 25 15 hub
to the point between t heanignembedirdert, e sesh &f frovided forhseglinghan auddroci ty

The mmgnet ¢ shi Crr ey roERaRAReRatS Ukl hMet Sak0LTe 118 N seat. By
utilizing this afSPPaLAt °‘?\I{r§ sﬁ!‘ﬁ?rglﬁ fﬁaghﬁ?eaé‘raé@ll art%%gng{’nﬁ'%? %ﬁpﬂ&fjoaches t he
RPM so of ghe noptotioripee pidcehccaiplbdineppositd pridsthereofiand the tohendisttosi ty of t he

ferrofluid near 2@g bﬂagesma%twﬁMe@wrfeonrar:ﬁ@&ﬁer%nrféc%ftﬁ@@eftameoaches zero.
Wth the decrease in v aft, the force

h
tiat woul d nor maPFY° "l'aé&n'ﬁ? 8°"é§'e&|p§ ap ?é"?%@’”? ﬁﬁ“ﬁ"sﬁ’? "BZ A&7 ni shed so
that the integri radiusfoftthe tapepdle iplscerniFatrefivideld . mapettaly paleieatgabnvention i s

particularly usefset!ardung eIl puk @emcm the léadar amae@&dhd §haﬂtdjio§ﬁ?adr ive. A

spi ndl e rmijz r gene q has a.ﬂ_&! %Ia r%a] odcoup edtt}er o, andahub
having an thner StA % 8‘1’95505 SRR, 'BYOoRERSs 3, 9B WE shaft.' An
€nbodi ment of a seaaientatba;@pdailyr@nmtrethethprfmm in the gan bas\meqnsthqmm ti oned

bet ween the shaf olarutcélaﬁd BieR. 1R ohE Abrsoh &f i @hbodifmedl tiieldchaGedof the shaft

to the inner sur e hub and.to electrlcall u the shaft to the
hob. 50 65 PR Rudsss st iR b8t B e SR B BF 20T Lt Coue
ogher features agolwgqsq:e dse gdtvesdugrpednaxte ivmediyrangir f gxially seperalgd esent
invention y || bercapdaahsnined BROmMIcERHAIR Gbeft tHehutdr elkRWonge drdrtb| ed

description and 'fo%iaeg}.lzn?écd é[ungceabse%ﬁe%in% SroSl« gvﬂ\angssralsed relative 1o the

grooves. Alternatively, the contoured portion can include two inclined
50
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.10 5 Brief Description of the Drawings FIG 1 (prior art)lies aLﬂLaZD y ew of
a disc drive in which a spindle ~5 notor Incorporating a # ' seal
according to the enbodi nent of the present invention is especially useful.
10 FIG 2 {prior art) is a sectional side view of an enbodi mrent of a
spindle notor in which the present invention is useful, illustrating a
ferrofluidic seal according to the prior art. 25 15 FIG 3 is a partial
sectional sidevado@assof ferrofluidid seal having an L- shapsdoassop pol e pi ece
according to an enbodi nent of the present invention. 30 FIG 4 is a partial
Sectional side vF@lRcesineEpeting ptandngledeiom Heepemof arting@bdut $laashaftl t op pol e

piece in a faci nghd frlgadah 083 Befarate bbmént GEdXIaPWKEshdHREd todkdPaflidy to an
enbodi ment of thgn B[eSﬁa%%rtc%mé%nﬁfi sgglf Iééﬁrel’errad {/ar%on?a)f éa%i['ltécggnep ctional side

view of ferroflurd a facing
rel ati onship w t fedorRRaif Rieredigs Flcf?gs sfstanel 3293 thalde afbstapiisp bghapgdt o an

Enbodi nent 5011: I t herltlpéleﬁgiﬁtinzdnlwBdl'ﬁdn(blralldf]lco@suﬁada%f@pcﬂHo’iﬂQn%BﬁBMaﬂg t he grgdl ent
in magnetic ux ont oure

Shaf't as shown Ffa%%%h*@ﬁgaﬁ'é‘bﬁé@ﬁl@DE%“Q*C"*M PR B ST g ew of
ferrof | uidic seal"hiRQirAlg Pifse is BIfHIBRRY I9dpRtien @ﬂﬂﬁab@@tl% i§ v afagioat our ed
surface in a facramgoristipadith tiesdahtpurad pdrticn, st r ai ght shaft according to an
enbodi ment of the present invention. 7 55 18 J U L 2003 WO 00l 43698

PCTI 11500101367 5 FIG 8 is a partial sectional side view of ferrofluidlc
seal havi nf a bent L- siiagetieraspechdednvgntonds dirgelgd fogcsegldorsesliag eonship with a
strai ght shaft acaearsdifitg of ostesnt teaimsr siAte 6ffa hdipettaRgRMheablREHt i ON. T0 5

T o1 up o e P Roaoybidge bl end 3L S0 b adlU Ui ottt 'R 1029 | 0 8

ferrofluidic sea sin 5 FIG10 is
a partial secti oﬂfaﬁ""'g?’d’é'e\ﬂeé% ‘iS‘PP'%F @BPR?G‘ %°°i?éﬁﬂ9f5°ﬁeﬁﬁ!t'ﬁ@9d&ﬁt“@em si de

ferrof |l ui di ¢ seathewihtihaad tatteiber Thagerr gleédeg ate)maae @bladmagitticany the 10

present 1 msent Opﬁmlaééljgrﬁa%f%! Biavd bbb ot B8RS IR ARl V1 o ©f 2

i ndl e notor w | Xe tati1onar errotl urdic seat
according to an ﬁﬁ:@ﬁ*ngqﬂeoUpehub Thesealfurmermcludesacatcherafﬁxedtothe

inner surface of the hub. The catcher Is an annular ring of magnetically

permeable material that has a curved surface In a facing relationship to the

30 exterior radii of the pole pieces. The ferrofluid is magnetically held in a gap
20 separating the pole pieces from the catcher to form a seal therebetwaen, so
that when the hub s rotated ralative to the shaft, spiashing and outward

migration of the ferrofiuid is greatly reduced. Preferably, the curved surface

has a cross-sectional area having a U-shape, and is oriented with relation to

the exterior radli of the pole pieces so that the open ends of the U-shape

25 extend radially inward past the exterlor radii of the pole pieces. The catcher
o can be made from a single piece, or can have a top and a bottom portion that

35

are jolned to form the curved surface, and one of which can be integrally
formed with the hub. The catcher is affixed to the hub with an adhesive, and
an o-ring or & plastic bonder. In one preferred embodiment, people pieces,

45
30 ferrofiuld, catcher and hub are made of electrically conductive materials such
that the pole pieces are electrically coupled to the shaft, the ferrofluid Is
electrically coupled to the pole piecas and to the catcher, and the catcher is
50
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. the present invention. Detailed Description FIG 1 is a plan view of a
magnetic disc drive for which a spindle 30 notor havi ng]g WL%andl c seal
according to the present invention is 20 particularly useful™ ring to
FIG 1, a disc drive 100 typically includes a housing 105 having a base 110
Joined to a cover 115. One or nore of discs 35 130 having surfaces 135
covered with a magnetic nedia (not shown) for magnetically storing

i nformati on arevoatdssshed to a spindle 140. A spindl e netowsododsast shown | n
this figure) turns the spindle 140 to rotate the discs 130 25 past

read/ wite heads easrigey eqvpigd &0 e dpenderd prafaretly, $herduier eadii oBbe pbiet he di scs by

ﬁ- SESDensidon arm ﬁ@&@rmhmelrﬁﬂnaﬁius am@é%midamgellécmﬁdmme%@rfa_céla@arOt at ed nglt
i gh speed past t r w it e heads ile the suspension arm assenbly
150 noves the reaﬁfWﬁ?@gd/%eecggg"yicﬁu‘g'ﬂg i‘“tge 3@8#9393&8%%?3?%?’ RRYTE) 1y 45
Sﬁaced tracks (notesisiooaof lasa thenebest if18tehens135 of the discs 130. Thus, 30
effabling thg read/ wite heads 145 to read and wite magnetically encoded

information to the magnet| ia_on the surfaces 135 of the, discs 130 at
sel ected | ocations. 50 E‘ 5‘% JF,%% ISP Mo bSSSAD TR R R DS 19580/ 01567 5

FIG 2 is a secti eatanaryifereliidiespablior sealingiastatienanphalt tops®atisp heb. tThpe which is
e,%pfcgal Iy usef ul effdttsthif 3t &hiﬁﬂgs_f&e&wﬂmhm&olcﬁu?h@e ﬁ:ﬁgﬂgﬁﬂd@ nﬁ@éo(rj 1§5
includes a rotata n.inner fac i sppsed about an
to 5 outer surfacg‘k%%%gﬁ‘hggr’%gﬂegﬁQ%?ge.nﬂ%nal‘ %"P@# '°u?eéf%”%s°é%{F°'i ®seal s the
outer surfale 17039ty ohéhessrsls magmptic dux te hold ke Ay epaiess theBhalifist he hub 160.
Onehor nor e magnetsuntedd LR EHRBHRE séDitsalf Rakd sﬁéli@ﬁ#y%?;lﬁbnﬂehﬂ\abh%c 1ﬁ0 ihnL er1 ggt
with is a stator w.nding, to, the to cayse the hu

to rotate. The hu#'@ganr?'ss@%%%%ha@g?ogaﬁm? H%b@ﬁg%? %fﬁgﬁf}'cﬁﬁ'aﬂc?m nor e
bearings 215, 10 BgE¥ressP Hyeyon agipneitlamelseefthemranetrrd PepBigres obthe bal |

beari Bglsl 216 asI S beahus) tekr&atind. magndtialshielb @ad dxipdgabiaryadwayd tdaethedes one or
nore balls 220 | opse j e [ nner race 230
affd an out elr% raceR%JB.{g?/th?ﬁ%@tr %&%I tﬁ%é"%é@ég %6’%@%\/\%@532%\9\%@1 the balls
220, the ret ai ner 97agisntghine faefljid Arcreagerpubrare from fiedatatingguress of than be fill ed
\t/)mltlh a lubri ﬁati Nenhadrietit dhielt agh anRdsthe Adw bRtdMG durfhcdl 6 thOYRITEBY ﬁf t he
alls 220. The st e i i i t he

Caventi on. viat | HEDEER okt rBSBIch00 Gty kB R apRales B Al T

nai ntain a her net PidhaBater Bibpldiawenyelogiy; while digvelRelly of the fesrofiiheeashaft 175 and
t he i nner saorf acethd@iagadt ahdyeoldpidred 6Qhs@al dpploathias zdrd. UWIH thg t&pese and so ot her
| oose particles a LAt 1 i t.he di scs 20
130, “35°A typi cal " aergiFile Hrloud Xindigh ihofc e BRPRrEREIASS DO B
agsl ani nate 250 coffgResse; g e hat beaf fliminishedespnaat thesinteafly htheg§aldhd bot t om

pal e pi eces 260, @6ébtainedupl ed to opposite poles thereof. The magnet 255 and
25 pol e pieces 260, 265, are attached and seal ed, using an epoxy or sol der,
to the inner surface 165 of the hub 160 or the outer surface 170 of the

shaft 175. & fen- of | ui dTe AresEMdvertonissrertisigrysel! it @ spied@plPEsicl y held in a
gap 275 between t &eusedinca gisediys. 2GPadi2 Gbior garkrallpdaoabage véthratshefe 170 of the

shaft 175 or the goypled thereto, and a hub having an inner surface disposed about an outer
surface of the shaft.” An embodiment of a seal according to the present
invention is positioned between the shaft and the hub tc seal the outer
30 surface of the shaft to the inner surface of the hub and to electrically couple
the shaft to the hub.
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. a5 inner surface 165 of the hub 160 to seal the shaft to the inner surtace
of the 30 hub. The ferrofluid 270 typically includes fj o] netic
particles, such as Fe30 or nagnetite, coiloidally susp née(rﬁ'?b 20@3rri er
fluid, such as a hydrocarbon or synthetic ester based fluid. In a
conventional ferrofluidic seas 50 9 55 1 ~J UL 2003 WO 001 43698

PCTI USOO~a1547 5 185, the ferrofluid 270 forns a top neniscus 2SO0, as shown
in FIG 2, thatwochomsssag dynam c operations can cause splrestsigssand m grati on
of the ferrofluid due to centrifugal force exerted on the ferrofluid of the
rfapi dly rotating ferrof [Thes#i andswardus otter deagpesaszshweigasadyantagpsathichn can cause
contam nation of tchgallerzedhs pRosdn?thvamt@n Wb Be @bpdrdlt UREH FERLING PRl - AN

enbodi nent of the flerrofltuik_gl c setal 1%5 .accp%l ng to.the present i5
invention that sol/84ng Ageled SPERPERR GTEYPY RSOUF BECHREL B8 i n detail with
reference to FIG 3. In this particular enbodiment, the ferrofluidic seal
185 10 is attached to the innej.sHédcApfonérendbrawiigshub 160 and in a.facing,
noncontact relationship with the outer surface 170 of the shaft 175. The 2

ferrofluldic seal 185 can be attached to the inner surtace 165 by any
sui tabl e means, such as Féh ladtirersrtyie a(res vevoobra)discadripe sehidhid spprdlea snap ri ng

(9ot _shown). The fesd Mdottofblitg & ftbonuldiPsdalfdcbidRg (G heMnibdlifknt BREREL 255, with
top 25 15 and bottom rE)ol ev‘glnfcess 260, 265, coupled to opposite poles

thereof. The ferr GfSEIYe e¥S8al |y hel d between the pol e pieces
and the oute® surface 170 of the shaft 175 to hernetically seat the shaft

to the inner surface 16%F®f2 bh& dayk alégﬁong]@degm\@ofgne&%d%m?f%%, have

general ly annul ar so_ shapes dwth interior radij that are |arger than
the radi us of the SB‘U?'&FW%()‘“&’E’E?QEB’ei%'"bﬂ“E?’ﬁgu?ﬁgf“lPStﬁgqaf?ﬁo@@{fa@r dance with
t he present i nventsead@agcording to e ppolast. pi ece 260 includes a flat annul ar disk
with a cylinder joined to an s5 inner radius thereof to forma

cross-sectiogpal area th i,s_substantial Ly Lshaped. The L-shaped
&foss-sect i gﬂal area ha E% SRl %F?@%’ﬁ‘k %{%(e ‘ﬁ%%%??f?ﬂﬁ' 'ﬁieai??v&?cﬁnng radially
paral l el to a sunlsbapadf tophrolepplece @fcording ivagmembedi®ent2d thecbresesthor t er
vertical portion Zf@kiorarallel to the outer surface 170 of the shaft 175.
Generally, the top and bottom pol e pi eces 260, 265, are formed 45 froma

npgnetically perneable material using a stanping process. Because 30 the
stanpi ng process often [FEadsa perkx secenabgidentievnelderrafiuidigisealbadngan t he pol e

pi eces 260) 2265, &-shbBhdd to@)pele plceGh AdBERDrekAnsAlp AR IcEhtbabd sifdaCh as
Ni ckel, is applied ot I}gaﬁ%%%gstof thes gél e i eces. The cl addi ng 2S5 nmay
be applied so 10 B5°rdng I A OAFARBE RO TNSDDI DL3( ~, 7
35
FIG. 5 Is a partial sectiona! sids view of ferrofluidic seal having an

L-shaped top pole piecs in a facing relationship with a contoured ring about
25 a shaft according to an embodiment of the present Invention.

FIG. 6 is a graph showing the gradient in magnetic flux introduced
in a ferrofiuidic seal using any contoursd shaft as shown FIG. 4.
45
30 FIG. 7 is a partial sectional side view of ferrofluidic seal having an
L-shaped top pole piece with a contoured surfacs in a facing relationship with

a straight shaft according to an embaodiment of the present invention.
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.5 using any suitable technique, such as electroplating, spraying, and a
sputtering or evaporation deposition processes. The ﬁham‘j?zﬁj enhances
operation of the ferrofluidic seal 185 by providing S form
surface agai nst which the ferrotluid 270 can seal. fO 5 The top pol e piece
260 is separated fromthe outer surface 170 of the shaft 175 by a gap 275
which is smaller than a distance separating the top f5 pole piece fromthe
bott om pol e pi sxaud68. \Wen, as shown In FIG 3, the shaftsodor®? i s separ at ed
fromthe hub 160 by a bearing '215 Including an inner 10 race 230 on the
ghaft an outer race 235F@ Biixedartia sediiendhsile view ef fgapluRitsesidsingbi ng the top
pol & pi ece 260 1 1 gL IRa(UiEH poiblploBE f o' EnPlaldibitnpNah!a difight gf0_STal | er

than the distance separatin € O&ﬁ%ﬂ e EI ece frominner race 230 of the
bearing 215. 25 18°98rdede 5’1)?’9‘?°th PEgsENtdveros- vertical portion 260b
facing the outer surface 170 of the shaft 175 is curved or rounded where it

jBins the harizontal pogd gn 0h ABfinGine bladieh O Fao R Rintcbfoed 0. Shar p
['ux de lhat

corners produce areas of high T, nsHé t result 1n a lower magnetic
farce or pressur el HAEidicsPS uaiRe AR PPRE PIes? ARTOMREIF Bs necessary to hol d
the ferrofiuid in place in this 20 region. Rounding the corners spreads the

magnetic flux gradient peyegg |§a!p@ﬁiﬂ%&cﬁ@ﬁa@Qdéﬂéw&f!ar&ginalg%ofo‘?ﬁé»ﬁﬁg'ala‘i d to be
hel d over a | arger area. ss nakes

hi.s ip turn S it possible to inject nore
ferrofluid 270 | nf’Bts‘%g"Pi-'l“b%TanY‘"m % calgher aqagedingyip ?F&Wﬁ?ﬁb'm?%@?@ﬁy ext endi ng
the life ofl®keal , pesentmvérdipm.of tuid is | ost over tine, for exanple due to
evaporation, and below a certain anount |Is unable to 25 maintain a hernetic
seal . Moreover, froma nuf act ur |, oi nt. of view, '"~ because the pole
pi eces 260, 26S, are mag%' VRS, B?f*ﬁqgﬁ‘g?m‘f%ﬁﬁ? M'@Wﬁgaﬁer”%m@wﬁ?g easi er and
t heref ore nore ecéxedishathénd Beatmosre ferhividausdabawording to af enttiogimpetdf Wit h t he
outer surtace 170uRfydantdWetids shaft 1?5 is directly proportional to the
surface areg of the vertical portion 260b of the top pole piece 260) ft Is
i desirabl € to extend the portion of the top pole piece having a vertical
cross-sectional area as nuch as p®staild BesaOptios0 || 55 1 ~J U~ 2003 wo
oon369s PGIl US0010157 5 way of acconplishing this is to reduce the Interior

di f the bott I 265 h that the, tical porti 260b of
Lhe Lop pol o pice 260 EhT i BRABEPULEREAECBOT B MO8 G4PBUR ond the

out er surface 170mofor thadng lmafetrofiuithe. s&ad adeording thdhey presgnt ddveptiontison 260b of

the top pol® pi eCea@brl SsdidPREBRING B FGT 1, aMisvAVee! ob typibalysciidess hor i zont al
portion 260a to i a_di stance ‘fbﬂet ween the top

S Il 90.in order to I nt al I
ol & pi ece and t hESEBpReETase 2 BT rRIved K B0s: Doy cmPLAoe ALl o gap 275,
25 To further redt¥ehavindisutfaoss §pacoveredofithtzhmadnetic medigilept sovndfeay from t O
L he outer | surf apemlaar%ﬁéﬁny fuamgsmfrﬁaﬁ&r? ?reaau_aa{eait@é sBihhlm12@5Ais§in61@]P! : edI to the
ori zontal portion a ece : Lafilmls
formed 2 from an Wé&%ﬁ‘o?‘f"&"ﬁ Qﬁ'&lg ﬁgi}xcr]e?gugﬁsotﬁl sép"?dlleﬁgrgéq %%?eylﬁ%@% %gltao has a
surface ene¥gy | ot reaparitethgadssi46which aeerpuppppdest abopesyviaees 13810768 t he top

pol e piece and | oweds dylpduspemtion dint asembi@n80.0M cRbratidiethbaNseofdodrd 270. One
sui t abl e comer ci gol

I 15 ' I beS, ~ iall
avai | able 11 om ny B adsheB el AblesyBinlils Tl FuBoellTIEL | 5 ' T
barrier film 295 AwpmblE 15GPIMEEthEyeagivhitaieads iman 3iF aver ajwrbepef radigliyoat i ng of
tje fluoro-pol ymespaded trgekamiot Shoviniloh ehel Sefacesonds  of HéCdisodsI38.piThus20 coat i ng,
spraying, sgutter  deRashs 3wt heBiCta8' b tIUhERMe MBAERSF Sncddda @

information to the magnetic media on the surfaces 135 of the discs 130 at
selected locations.
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. preferred enbodi men#, the fluoro-polyner is applied by dippi ng the top pole
35 piece 260 into a solution of the fluoro-polyner materlc.laé mcg th|n

| ayer banded to the horizontal portion 260a of the top p d

solvent dip !s then used to renove excess material, and the top pole plece

26D 25 degreased using vaporized solvent. Next, the fluoro-polyner is cured

using air or oven drying to farma strong barrier filmsecurely bonded to

the horizontal wopwdpeon 260a of the top pol e piece 260. Howuspvousdter

enbodi nent, and shown In FIG 4, the outer surface 170 45 30 of the shaft

1575 facing kop pole piece 260 has a contoured portion 300 to introduce a

Wagngt?gcbfl ux gradi ent thaet 2 &xd aéchbhacﬂamm 6ﬁé€ﬁndlé1ﬁ\o¢oe|1553c§f| '@g(?)olianEhe

gap et ween th nd, .s

920 208 5005 b ooTiiBeRrsy REa AR il he R R R 8. T o

al ong the gap 275 ineidseermotatale h@p1590$\é19mnmrﬂﬁﬁ® WAdispesad abouy® i s uni form

t’lr?e W}‘I uh d can ”DVeode[rLsUHébethgli)fﬁ%ﬁaﬁ w%mam Y&y, us@s&is tﬁ@bgt@ffl ul d t278

slowmy decreases as the e r a | d_may not be

located within the @Q‘rﬁgﬁswqﬁgg’\%@”%s 85%161[50? FOV ﬁﬁfg g’ E8hpi ete seal,

even though there m@regﬁgmts 390satethied it perigheny 195 Qfﬁheffélbr1§$ Interagt witthus,

|2J73t5 rodugl nNg a nmagngétiter dihding mﬁaﬂhcﬁéﬂto&ldbeyﬂ1b|&ﬁ:af1§ﬁ’tﬁ@ﬁdb}460|t023t9telh n the galoI
to be concentr : e is axia

center of the vert.lﬁfzZ}{ﬁ!'bal)élr)t?g!lé p%g %Fhéhgggﬁ%‘?r{eéaor %%P%ﬁkdf&jgis in a

faci ng rel at®Ponshi $cpg Hid dyaamin bearings{ "‘Ptém"ﬂ%%ﬁa"P??@nﬂscﬂdf’sﬁ)ﬁ"@wpiﬂece 260, the

10 ferrofluid 270 Fie, ITB.QBQEBeﬁmig|g‘éné?§|yﬂhoiuﬂe§Ji@ogm&e$3ﬁﬁelb@§él§iﬂéltg the top
Pl e D ece Trom U ObBho sl hifech’th Rhel HE SOPLLG 1 Bukp BTaRea seal 2

t her ebetween. In o Versron o con oured portion 300
i ncl udes a raised 'Eiﬁff%‘éﬁis%aﬁ?q‘ a@éh%wﬁétpelﬁ%eéa‘f?a'ﬁ?? thsrretainer2R$ gnddeepar at ed
grooves 305 nachi niftkr ahd QUidtries 230, 285) dan ab At with 8 luBtidaBig it dr gkasel 70 of t he

SHATL L7528 15 ALURiBAL bt e Rl Ml bfiouh 48 AROHERI Portion

0 can include two 1 n aces ersec 'B@? o formthe
apex of a ring 310MhpBigrialipdedrygption.) What iy pgnificaptds EU“%?H" %&i#al nt egr al
part of the shaft {BaniusSediftait Bbérmstsstbetween the s@@auddce 18] & meshafcoaxi al Wi th

and affixed to they8ahinedthel Lhach T MW hbeFkBrafine e ghabesndrer ol on has

ap additional advanta

nmagneti cal |y per meRiPar O%Paéﬁ"i’eélas%'aéﬁ WBM“ﬁSeﬁ’ﬁﬁzﬁfé‘f"ﬂmﬁfc’b@eﬁﬁﬁFe of a

non- magnet i @omat er1d@l , such as stainless steel, that has other desirable
properties including hi gh st rengt h hi gh el ectrical conducti vi ty, |low cost
and ease of nmachining. 25 4 ‘gre erred version of this enbodinment,

tdse top pol e piece 260 H%@/P'aa'&ﬂaé%d' et 185 nsueh a3 QWh KRGy & nelyiS@ant i al |y
L- shaped as descr ilbeidata26W ennsisting of an gnoglatmagnetcR58,ovith teptant hettoaegold cal porti on

260b I's In a faci Ngedghad, 285 Blifedtb bhodslE pih QUG e Mabhe? Bs5QR 45 30 S0
1355 25 pole pieces 260, 265, are attached and sealed, using an epoxy or solder, to
the inner surface 165 of the hub 160 or the outer surface 170 of the shaft 175.
A ferrofluidic fluid {ferrofiuid 270) is magnetically held in a gap 275 between
the pole pleces 260, 265, and the outer surface 170 of the shaft 175 or the
inner surface 165 of the hub 160 to seal the shaft to the inner surface of the
30 hub. The ferrofluid 270 typically includes ferromagnstic particles, such as
Fe,0 or magnetite, colloidally suspended In a carrier fluid, such as a
hydrocarbon or synthetic ester based fluid. In a conventional ferrofluidic seal
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.18 J UL 2003 WD 001 43698 PCTI | TSOD101567 5 FIG 6 is a graph show ng the
gradient in magnetic flux introduced in a ferrofluidic seal 185 using a top
pol e pi ece 260 having a L-shaped crosssectional area ‘E?ﬂJ@‘I_I ﬁaﬂa cont our ed
portion 300 as shown FIG 4. ro 5 Alternatively) as shown in FIG 7, a
surface 315 of the vertical portion 260b of the top pole piece 260 facing a
straight shaft 175 can also be contQJred to introduce the desired magnetic
flux gradient.wbpodss s version) the ~s surface of the rarusioost? porti on 260b
facing the shaft 175 is curved or crowned to concentrate the |ines of
fagnetic flux had'8 Pefamofvidaro fome iep Mmenis@ist28P. asishawn PRS2t cal portion
01;] t he L op Sm e Fﬂuﬁ?@dyﬁﬁﬁicoﬁ@atioﬂs@éﬂbat&gﬁlmrngad\drﬁigmﬂdl‘ioimefe&’ﬁwml In FIG 8,
t he L-shaped top i e t ; e Mert b portion
260b foms an ang@g tgz%htﬁmﬁgﬂ%ggg%g%egffﬁﬁé?/'?oﬁﬁﬁ;@ Fsﬂt"% %; Sﬁ;%"h’f@r surface
170. In this enbo8riidicsedhihissplagtingagg Aiaration eangrusesortppipalion PEbRd at t he
"ower end o5 tip AL 180 arfdiess\oeint heraletipsaat i on 260b which is closer to the
shaft 175. FIG 9 is a graph showi ng the gradient in magnetic fl ux
introduced in a fen-ofluldic seal 185 using a top pole piece fn which the
vertical portion forns Aramedaenipiheersiuricsest 88 pecowingéttherpseabe 170 30 of
the shaft 175. Liinestif tha33DivesSthbse pdBeanailBad sddeucited imagaiewitrc | ux 20
gradient for bent,ofaR.pluis Pl 9 Bl feMcliannMAMERE A0 Al poctQgg 30 and 40
wn I n Fl , T

degrees respective K I n anot her a_;Pect sho , e invention

is directed® o a 'faRiHe] {5 the éneraurfaces Sl e ybal 60 20¢ e? 2888 A% r educe

spl ashing or out ventclativrghiat witinthefouteh aufiaze r1ad| afithe 2Rt vitsenThdre _

ber rof | ul di ¢ sealehsuukipelailieh i tTlMtned B'HeThilPutRel 1eslpyInf Srsiembodi ment,
1 u ar nmagn 255 wt

the ferrofluidic sea i nc es an annu gnet \ a pair of
annul ar pol e pi ecB&nsedich 385N adigRyrdas shoWah Fo-PIe™ PhIReE2R REG E¥t positiori ed
bet ween t he shaf tshbwh). Jhe ferrhituidicidpall B8 .incllides podnauldSmagnetzss, WtGep 265, are
made from a.magnet, r ter| V, erihor radii that
B e smal | er*t nan R pHEpRER-AE, 2% Bl 15 e e e T M he
catcher 335 is afPirofuld 378 's masnefically held petween Pg:po§PiackRanLhe PBET The cat cher
335 includes an asufadeat70 of thegshaft 1THtg hertmetially sealdies shetiloltie it suriaed and 50 14

55 18 ~ U 1. 2003 Rl RRI8rRGHAISeRL0E 7245, Raw gnidliv&thughr face in a
%@.CI ng relationship to t

he exterior radii of the pole pigces 260, 265. The
errofluid 270 isS“ﬁ&ﬁrPéPi"éfﬁl'?fﬁ"%é?‘{ﬂ 5 af%EfgﬁéB'aEf*ge ’ég'ﬁgf’gﬁﬁ{j‘%f he pol e
pi eces 260,20265, durfase 17hef hasbdiet7538tactaddnge withthe @mdsentlinvertioritoeeen, so t hat

when the hub 160 §g p5i0bRESED Rdidlel ¥Sial ShnliBCdistValn a dfirder Tohhea 88 ashi ng and
outward m gration mpt e fe Preferably, the

_ rrof Luid 270 is greatly redyced,
carved surface haBnes ragusdaer ‘gg? fonA cr%\sisésﬁ"tﬁgi‘)iaﬁegf téatsf%ﬁll’%c?fé%ﬂy t or U shape,
and which is ori eshepad. itheh-shepest ¢rons-sedtiondi @reaxtas @i long haaigental gpriers t he pol e

pi etcetsh260, 265, @@a%ﬂ&éﬁdlr@ﬂf&hal@%gﬁuéi’iqéElﬁfabb?_fhl@@&lfdfﬁ%ﬂadr@ﬂiﬁ!|% ig\gardd
pas e exterior_radii of t e, ol eces. e catcher n be made
froma si né e pi T8y W”%ré’ﬁ"'ﬁ%\?g'%‘é’\" ?@IB p§W§°'§° E‘Stciu%rrns%r%ﬁ ?gogof?ﬁeot shown)
that are joi ned tsha®tdfdn t he curved surface, and one of which can be
Integrally 2 formed with the hub 160. The catcher 335 can be affixed to the

hub 160 by any suitable means i ncl ud& pg;.an dhesi \égo, Z%g’ch Sqnan epoxy, an

o-ring or a plastic bondfdiFradne igp an m pole pieces are forme
from a magnetically permeable material using a stamping process. Because

30 the stamping process often leaves marks or scratches in surfaces of the pole
pieces 260, 265, a thin layer or cladding 285 of a material, such as Nickel, is
applied to the surfaces of the pale pieces. The cladding 285 may be applied
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. (n one enbodi nent, the shaft 175, the pole pieces 260, 265, ferragfluid 270,
catcher 335 and hub 160 are nmade of electrically conduc1 |8/Q) taﬁﬂal s such
that the pole pieces are electrically coupled to the shaft, the so
ferrofluid is electrically coupled to the pole pieces and to the catcher,
and the ZO catcher is electrically coupled to the hub. Preferably, the
outer radii of the pale pieces 260, 285, and the inner radius of the hub
160 are sel ect edososss hat 35 the surface area of ferrofbariidodvay el ectrically
coupling the pole pieces to the catcher 335 provides a resistance of |ess
tshan about 1x10$ wedings anylVbuit@blpriefteinad| such tdsesleatroplating. apreving, sand mel ected to
provide a resi st agrledh of &aforktidf RepbritiGRNbdesébs A1 fad@INgBes cARShcBP St

preferably | ess than 0,22x109 ohps, T ol e pieces 260, 265, can be
electrically coup?pgéatlf"?)"{tzlﬁ%ggﬂfg'f%s%ﬁ&g ﬁ?B’ﬁé‘ﬂ'R%? &P Wy StsfRiuct i ve epoxy
or a press fit betgsinetwiidhahleirefiupidz6ean sad t he shaft. 45 so 30 In yet

dfiot her aspect, the present invention is directed to a stationary
ferrofluldJc seal for segaling . a.statjonary shaft to a rotat] hub. In a
conventional ferrofl uidl'€ ‘&e8qe pigrg &?8?3@?'@9%‘@ OpPLRHEace; 7g%ﬁli rectly 15
55 18 JUL 2003 Wwsledi43633apeTd Wiidis gridierthad agistancesedaretingdiettbrer t he | nner

sygrface of the hupp@giedetRmib Bétiofitioledticte 265.t WherS B8 EfowndNEIGAE GrdP0Si tioned to

e o Fo T oo PP 1 S RGP e b B SRR e pec
above, thi sl0r ot at ides2¥hons the shaf, an geten cayR3fdefted tathedwy. hegap-87% ferrof | ui d

magneti cal 'y hel dsdpataiRAfe b @olB @leBe PA0SFRhE Biled IRaRULE bf ReILA-AGE Of the
shaft. Centrifugal, for h speeds often

es, devel.oped in the ferrofluid.at . hi
exceed the abili t?/Isooﬁmﬁﬁﬁrzthar?g%%%?%caﬁwaﬂ?%thﬁg‘fpam[eﬁ’éecf’ gﬁm&ﬂﬁﬂﬁsﬁ agai nst the
shaft, i5 resulti#i§ o hetpring3i¥.ure of the ferrofluidic seal to maintain a
hernetic seal. 1Q An enbodinent of a stationary ferrofluldic seal 345 for
sealing a stationary s 0 r tin ccording to the
FPesent in\sllténti on Mllh%%%/?/ragg’ tagegucréfebée%h%vﬁe{aga'Eé@%ﬁ%ﬁbf‘l’lg"%%@m@i. fn the
present | nvent i onsurfaces\TBptire ghefh Foocuredsr wynded wherRitidinsithe hgtizoatehed at its
i nneror proxi mal @hbn268a 4nd 28R IO efd G tip PRI SharpRomérs bhauctanddsenary shaft

350 and at a di st ; . j I f 385 with
tgp and bottom poﬁhfg‘?g%%@g&sggg,ja%@%ﬁ'l‘ﬂ%%p%ér%%p%g?lg‘frgﬁnp'ﬁ%ge hereof . The
support arm 360 e3tc¥nhie GOHWET H1PP ys BecREsStY te dioldHbe favrlifid Brriacgrih e of the hub
3ﬁ5’ | eavi g | ustregiom MRblind#pake cérierbproasithd mbgec ROdgrhdion o0ér 4 hef hub gas;

the stationary s . : r s forned o
a non- rragneti>c/ %F@%ﬁ?ﬁ@@%ﬁa.ﬂgﬁﬁoogeqngsf;r}cgf ?%'ngﬁ%f%n@sﬁﬁﬁ‘m the top pole
nsece 390, The | JAFHFBREOSHRP dpen EOrEREHIEETD ta We FIGRGF £ 9 360 by any
sui tabl e means, iinitdiydherebyaietdg thellle FzeslHires fevrefiuid is iy tim@nfdr mechani cal
means, such as byexgapnglog,ggs &Q&%n,vmdc&w .aenénﬁgﬁ@haemffuﬂga?@%wth the

support armand are T over an ‘outer radius of t amnate to secure

It in place® 25 TRANMENRCREF seple iaieoveD fomissmemdaching goint dhwiget i ¢ shi el d

arm 400 whi ch ! s mchume tiedpdiopitdea A60,26854re oiada bg azppingomadd foeid t her et 0,

such as the outercoprgpsqsga}%rglﬁddﬁg@fo dw&’”gg’é‘“ so that it rotates with the
e

hub. The 45 50 magneti c shi arm can be fastened to the hub 355 (or a

conponent 30 affixed thereto) by any suitable neans, including solder, an
a‘g hesi ve or Because the surface area of the seal with the outer surface 170 of

30 the shaft 175 is directly proportionat to the surface area of the vertical portion
260b of the top pole piece 260, It!s it desirable to extend the portion of the top
pole piece having a vertical cross-sectional area as much as possible. One
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. epoxy. The magnetic shield arm 400 generally I ncludes a %U di sk
with a cylinder joined to an inner radius thereof, and has a cross 16
55 18 J UL 2003 WD 00143b98 PC7YU5001015f~7 5 sectional area that is
L-shaped) with a radlally extending section 400a that extends fromthe hub
355 to a point Internmediate the inner radius of the |am nate 380 and the
oufer surface 370 of the shaft 350, and an axially extending shield portion
400b. ~o 5 The wregweestsi ¢ shiel d arm 400 is forned from acwegmesst cal | y
permeable material and ferrofluld 270 is magnetically held in a gap 405 r5
et ween the pol e BPe¥@scogpfishingdis igfo fefuce)thg intedgr sadiug o the hotigrmesle sur f ace of
the shield portr opieck(IBb stich thatripd mtealtphmoseedb dp dteviepepold piecesdtafctn 350 and t he

hub 10 355. in Onédﬂd%gﬁfeéﬁﬂe%@%o@?yc?aﬁ @sﬁac&ﬁdrgf%tecth m 400

I ncludes a thin Ia_yer or q on a s ace er eof to
provi de a 2u suf f 1 G dREPYO MRYBILA BRfTignA8R0 Pfdheefﬁha%eeter@%%faper &t t he

f@r r of t ui d) sas defamiwhec ibjomeahe Giriacreal tporios 26@d © ot 290nin40da tof t he
rotating nagnetic I s of the

| am nat e 380, bet \Tg’g{r?ﬁ éjd‘%r{&%g&e%@thg%p?deg&e %n%t}ﬁsdogétﬂg Olg %Fé; and the
shaft 350) which ?@‘%téscﬂ’%ac%{g?aﬂﬁbaer%?p 2fhe velocity gradient actr ng on the
f.errof luid 270 decreases fromthe rotating surface of the nmagnetic shield

arm 400 outwar d t owar d +dieid Al OOREY ARhACS eRitatdiBiol LR R0, Thus,

the centrifugal forces ac 87 hat 30 could cause it
to fly out Bf thegapen a&er od?fa%?qaﬁdr?ﬁbdf”ﬁ’iﬂ?‘szﬁédf" appfed\Brtiver) those
centrifugal for ceborizérédi partien 280e af theltob pole biece z80a Thebarddr fitrhie famed! d porti on

400b acting on th@ortara&fpha&étnaRy%rapnotmruamrp%ghenhmtaaéaeateteweyto 35 force
it fromthe shield paortion el 0 toward the

| ami nate 380, thelP¥ hé@a{‘?’cﬁ‘l‘iﬁﬁ’ﬁ egﬁr(gy P’gt%mﬁtla'r‘?é"ftﬂl‘ﬁam? B?"F BFTeANE &L ween t he
shi el d portion antian the sudgnenertsan of tnederraflbid 27ttt ©ge stilablefcomimercialy neti ¢ seal

bet ween the;s25 spipisk Fis ba'rwéomercﬂnys&amﬁrmrNresmgﬁéaﬂtsal ned even at
ffPgh rotational " spe s e rom In the enbodi nent shown In

e | n
FIG 11, the top B&r %‘Zh‘@?ftasped cross-sectional area, such as
commnly used to concentrate the 30 magnetic flux fromthe top pole piece

390. However, the top pfeSoatiefamh %Omggasra %'rrﬁé?j t\,ayperyﬁqgcarmmays%rlonal area
that is L- shaped as desc e oufersurface of

e ertical per SRmSaGhe Do RS iR el Bots Tamtues SIS 5005 v
00Ja3698 PGP/ USOOK@URIGTPayings grysiar ¢eppsiingeand phothighdgranhprosesstacts f t he shi el d

portion 400b can pre@.lréui@nb%dmenr thum@cﬁlo aaraér@ap%ﬁeﬁby@tpsmg@e&wpdn@d above, to
axi ally concentrate fe of the

farrofiuidl ¢ seal® '%%ggs %S‘ﬁ‘ﬁ'o 284 h??ﬁuorﬁ p%twerd?a?eﬁ'gﬁoq%?’g‘ith@ urface of the

magnetic shield aparderyothe horrzontal portion 260a of the top pole piece 260. A solvent dip

i{s then used to remove excess material, and the top pole piece 260

25 degreased using vaporized solvent. Next, the fluoro-polymer is cured using

- air or oven drying to form a strong barrier film securely bonded to the
horizontal portion 260a of the top pole piece 260.

45 In another embodiment, and shown In FIG. 4, the outer surface 170
30 of the shaft 175 facing top pole piece 260 has a contoured portion 300 to
introduce a magnetlc flux gradient that axiaily concentrates the ferrofluid 270
in the gap 275 between the top pole piece and shaft. This is desirable
50
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can be coated with a fluoro-polyner, such as Nyebar~, to farma barrier
film295 as descri bed above. The key area far placenent of the ba bgr film
295 is in the interior corner of the juncture between the} |Jam\1_ ﬁé i on
400b and the radialty extending portion 400a of the nmagnetic shield arm
400. Less 10 critically, it has also been found desirable to apply a
barrier film295 to the outer surface of the shield portion 400b facing the
shaft 350 or tWeesedxi mal end 365 of the su pport ar mp@Rswaag to the | ower
surface of the bottom pole piece 395. Applying a barrier film295 to the
puter surface of Hebmsshiheh thepoaghetriiud @by thelgap 7% betwedrethetoprptbuce m grati on
of the ferrofl ui d,ezdGgbRh@ shitt17PDis tmirhl mlffamg%k%vk%mmw pnd. 2 barrier

film295 to the | ower surf@cedg?g t@e bg’ttomﬂg e plece 395 w [l further
reduced i grat i orPeGFUSE I VPR St RliPTyid 276 sipwly feesrses2s R eRitR BYPe pi ece and
the magnetic shi el50 agesnihd Gdrofl@mey adt be locatedsithin tee gdn 27i2dish eeaynot appl i ed
% the inneg sealdsNPpdihd 8esniidte SOL oFdH tﬁ&%h%r@@"sﬁl!é’&fﬁc@n?ﬁﬁ%uﬂt Inten erence
Wi th operation of %heg‘ﬁ:rﬁ of | L{lﬁg%@seal 345, 20 However #t has been found
that entire magnel [SEOMI- fys A 3napngls iy gdiantalowsdhadenolt rier il m
295 aver the enti&?@irﬁhssiaa@és tothe copentratadcixiallyl nearecsingtefpolnh typicklytte wi th t he
oper a]E :c on_of . lt heté;)](_%f defer Hfs e Oerﬁcf%ﬁy%oﬁ%ﬂ%@& Ofgﬂe%ﬂo&r@?p%rﬁd(rﬁ:]goo(?{] infd uor o- ItOOI yner
is sufficiently thin. nme . e i rtant aspects. o e presen
nventi on w || ndeereRReBap AR e PlaivT U A SDE0 Fiers 244 it ur o,
function an@l advdercligid<270 immegneticaipeatd |n the s&mP7S ®ppring Hetbpfrmle seal i ng an
;,EL e surfage gf el DELHE 4gh&§ueK sfefscgeﬁ@l & &:aa_értaftlt P ek sadf face Ofta

i sposed abo shaft. Tha seal includes an annul ar magne
positi oned bet vveg?ler?br?g‘v?ﬂa%tc’”%ﬁeds"?rh"é:‘LfﬁPH',Sm%mFBtptﬁ?)S?” pu %é’@@""é#é? a bottom
pol e piece coupl derludes vigjsedtured pafaesiomiedbinepaitafanally sepaetadgrposssd bot t om pol e
pi eces incl udi ng a5 FatidddircomiéreMialiySabs® thebulPsurfade 9701khe sREAOFsWO 001 43698
PcTn~soa~ars6~ 5 magnetically perneabl e, and havi ng annul ar shapes with
Phterior radii that are larger than the radius of the outer surface of the
shaft, the top pol e pi édemnptivelyuali shgwa inchiGs § theegontoured|poripe 30Q et  1s

SUbsltfinlti ?l ly I_-n]fdnﬂem? inbliAvd flﬁfa%s'iﬂﬂ@edﬂﬁljétzéﬁrﬂn%btmﬁg il@'bpﬁ)l»‘&tsat anti alt! y |
parallel to a sur] e ne .5 an Qrter vertica
ortion in a faci”ﬂé?&na%ﬁgtg%e%?'g@%f @eaqniggﬁg?ﬁn;@bbtagm?ﬁ%a' %aurﬁ’é °8f% ace of the
haft, and a f er ritggll (DPtShoN)rRS £ BeRErats sieraeny coswialwitarand AiExadde theskatt portion of
me tglot pobe pilgqlezs.ada%hb\heinm.e& ?Bﬂzfté}%rsféf\ hb@léh sdiiohal la@vanfigéind tsegs]c’?S

er ebet ween. n e op._pol.e biece s separate rom
t he outer surfacethaélpr(')'?ﬁbe ”rsl‘ﬁ%ﬁlé H%%;’ uae ’é%‘% 0\‘;\Iﬁimca "e."ga"gr?gi"?eéb'et"ﬁg ag di st ance
separating the z@levns Hhepkaltle be made of npirinapistic owiepe)l wchpeeaniessn anot her
ermbodi nent , L he ska?f, tthdt Utak Nettier | deeitabidesropaibs Aifclidingye high laltrengtﬂf, hﬁighbea{j i ng
separating the s r : smal | er than a distance
separating the t%gec%olﬁ%&u@@@y.&%t%@giglﬁgéﬁxﬁdﬁ I race of the bearing. In
still anotf&r enmbodi ment, the tap pole piece includes a curved corner where
the vertical portion | o agretdved hersior omiisbmpainidngihd op pale giace 2somagneti c fl ux
gradi ent over a | : ; ' ] ' be hel d over
a larger area. IﬁgggﬁB%s?%t% ﬁogtﬁﬂr}ggr?g'(%%s%%r%gn {,‘%hﬂ%tsﬁ%’e{’/gér‘5‘?%%”5#"%?&?1 on of the
top pol e piece ir’i‘E%/ (FoResitiopeg §¢ hatithe veyticet Parics 268Risrn @ fRging Ep1atignshimr ead a
magneti c fl ux gr aghé&stcongered poricriger area thereby enabling the ferrofluid

be hel d;pver a larger area. !n another enbodi ment, the bottom 35 pole
pi ece Includes an interior radius that is smaller than an interior radius
of the top pole piece, and the vertical portion of the top pole piece
extends between the interior radius of the bottom pole piece and outer
gyrface of the 25 shaft. In still another enbodinent, the vertical portion
of the top pole piece is tapered fromwhere it joins the horizontal portion
to a Power tip of the vertJcal portion tb increase the distance separating
the top pole piece fromthe bottom pole piece. Inyet another enbodinent) a
Nyebar' ~ coating is applied to the horizontal portion of the top pole piece
8D reduce radial mgration of the 45 30 ferrofluld away fromthe outer
surface of the shaft. In a another enbodinment, a Nickel cladding is applied
to the top pole piece to provide a substantially snpboth surface in contact
with the ferrofluid. In still another enbodinent, the 50 19



.55 " 1 BJ UL 2003 WD 00/d3698 PCT/ LJS00/ 01517 5 shaft Includes a
contoured portion, and the seal |s positioned between the shaft the hub
so that the vertical portion of the top pole place Is | &;\JHL aﬁﬁg
relationship to the contoured portion. In yet another enbodi nent, the
vertical portion of the top pole piece forns an angle relative to the outer
f 5 surface of the shaftto introduce a magneticflux gradi ent between the
top pol e pi ecewartoithe shaft that axially concentrat esrdthsosfoess of | ui d

t her ebetween. In the another enbodi nent, the vertical portion of the top
gol e pi ece Includes a fBGcHntadAPEdhanindtbegradient inmopanetis flovinkedused f ace of t he

shaft to introducig afershddesdar1dslubing Siopgbig Plbcd b Warry ALDgab&itrdel e piece and
the shaft that axia nt r at

|y, 10 cance s the ferrofluld tween a center of
the contoured sur¥§ Oggloq’eatﬁg r\?‘@?%?@éf&’”ﬁf;rp?rin?fhg@ﬁasbj% I'gg“td'er surface of the
shaft. The seal of the present 2 invention is particularly useful in a
dpi ndl e moter, which fukich@livayel 4sim id FRESE o @itk of dlves skt 1S coupl ed,

a bearing capable of rotatably s ortl the hu b t he shaft, the
bear | no havi g 1 sl ate 4 ek PRI okt gl P R B SRR and hub
respectively, nmagtretogredtainitddeck theresirad niaghsticuchradiant. 4t bis vedsinditreg on t he

hasepl at e capabl es pthed ditrRvaditd PeHion Jebb fabify HBERAY S5 BBurldior Bindd cause it to
turn relative to the shaft 0 ‘seallng an

f | n_anot her aspect, a nethod of
outer surface of tgcﬂ'ﬁéﬂ%aé%@? ﬁ%?ﬁ??%’@b?@éﬁ?iggﬂ'gfnfaart”(’)e 3%??%%&? surface of a
hub di sposdfl abouthe véricakpration of e fnpdelediede 2%he net hod i ncl udi ng steps of:
(a) formng a lamnate 35 including an annul ar magnet with a top pol e piece
and a bottom pole piec oupl ed osite s, thereof, the top and
bott om pol e pi eces haviquge%ﬁﬂtﬁ?raaﬁt&g%gg'esiow 'Pﬁ:%l;ﬁlét té‘? iLESS?' aRed R pc’fanat are
| arger than a radiiess 260 cerhke brnteq thatdhesygrifcalgertion 260bdormm an engle B0 t op pol e

pi ece including awiiaahaf $EHaliagabtraRihedutdr B@tack $705 UEE embodithéry, the Shaped,

having a | qpg horj i tantiall | .1 urface of a
pol e of thgglmagneHF%g%gtﬁlfgluéBgé%cre@%rtE%\%gﬁ??"(’:Vg'jl3"58¥F?§é1&gﬁ§'§rtﬂ%a(r?@&é‘f y parall el
~0 the outer surf¥8eWHEN sglesethe shatBY5. FifSiKis derepiyshoniag thagiadigtle bet ween t he

outer surface of ihhagsdtafiix istiduded e 4 BRAIIdRBEL A8Fustg altdipoidtgm so that the

vertical portion gf i I i r el to the

gyt er surface of %cehttﬁ%aehgg pgﬁgﬁf Eg%%ﬁougg?ﬁ%gﬁg@%b%#%ﬁ%cgj'e-{ov\een the 50
50 55 18 J U L JEEhed1o kneos @'I%'J1l)@@@ﬂ’8f§ﬂ?h°3’%ﬁ’€‘9r@é{?ﬂ‘ﬁ‘orti on of the
top pol e pizece angladidnefopbemtospold pieses @drminh @ngind20 dfoo,f10r B0 ands4pal

t her ebetween. In k: t, step (b) includes the step of positioning
the 10 5 | am nat e&ggeﬁg?&%“f@verti cal portion of the top pole piece Is

separated fromthe outer surface of the shaft by a gap which Is smaller
t han a di stance separ atlh agptiidn@sgeoishpwh @ AYE.e0etht inventioh & diredtédimapol e pi ece.

| n anot her enbodi t i i of a bearin
separating _the st{gﬁm,"fﬂrcosﬁgt%g hﬁﬂ@JécﬁEﬁtggﬁgér ?gﬁﬁr‘g{geﬂ?ﬁg%@es the step )

. a C .
of positioAf ng t HRIPEAR HiadeaefuldiZZP when e deriglifidic seaklkFecie IRAR a di st ance
Separating the tautspielseal ph étsmmbodinedtt/tee femofibidicrseat ¢85ifcludaearmantamg 1 n still

anot her enbodl r Ngpichet5E Rith A pait FShMiE foib PEced BB 285, cdlbied to opposite
poles thereof positioried between the shaft 175 and the hub 160. The pole
pieces 260, 265, are made from a magnetically permeable material and have
30 exterior radii that are smaller than a radius of the inner surface 165 of the hub
160. The catcher 335 is affixed to the inner surface 165 of the hub 160. The
catcher 335 includes an annular ring of magnetically permeable material and
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~formng a top pole piece having a curved corner where the vertical portion
joins the horizontal portion and curved tip at Its I10%eprlrg£1m%cead a
magnetic flux gradi ent over a |larger area thereby enabl t errofluid
to be 25 15 held over a larger area. in still another aspect, a seal fs
provi ded for sealing an outer surface of a magnetically perneable shaft to
an I nner surface of a hub di sposed about 30 the shaft. The seal includes an
annul ar magnetwonpidest op and bottom annul ar 20 pol e pi ewsodaisied t o opposite
pol es thereof positioned between the shaft and the hub, the pole pieces
fhavi ng i nterior heash turvedstirfagedn & faciperelatiprshipdo tha @ktaror oadii 3bthe hele out er sur f ace

of the shaft, a tLREdsOidoupeh. MaBNRHfkR| 470 i fkghdithiR heidh &8RAPEYENg the top
pol e piece fromthe

ut er rface shaft_.t.o a seal  therebetween
and neans for sp?%ofgf’:aﬂ%ﬁ‘g p%%g”ﬁ%ﬁ %&I’ F%%&F’g@? 8?%%’166%25; Qaforg‘sa R4 ge area to
enabl e the f errothergbatween sethatwhendhieciub 460 igrejated rlative tadhessheft e gap to the

Yhaft. in one enbgknignind dif@rdRRRSoT 6 thé RirRAGk RED & JreaPeidused | UX 45

gradi ent over a lParqub ar;d_‘eeac'_&vréglsld es.a Cyclr' ndrl.cr<1';1all extens oréeof t he | nner
radi us 30 of the TP PollE BrEeSUTTRLSE JITRIPTEI BLAIRLTDA PR a f aci ng
noncont act rel at cieighord)-stiape, apthwhightic efentadmith elation tottieeextgnarfrediiafn anot her
gnbodi rent, the gapoleeidsBesbol bub, Sythhtitden s ofihb Eshagdlexddtd radiay out er surf ace
of the shaft is 50 21 5 18 |Us§ﬁ| 01567

8.J U L 2003 WD 0111436

smal lerthan to a'"&a?t‘?ﬁgtgegéﬁréof 5?%’85%9%'8@%0%%80 '818rx & 8R fromthe
bott om pol ¥ pi ec&ade ¥ome sindle RigrGt 3630 hanpdiep aeda bottem gorerdnet shaw) her i ncl udes
and zgn i nner L aCmaﬂérefbin!aﬁﬁi’fbmgh§&m@H§mri‘dag,ah@@nédﬂ@ﬁibhédn%@lrﬁégﬁalthbh anﬂ ]Ehe.
myap between the | e e 0 C the shaft is
smaller ~0 5 thaﬁ&(éééc}?@httﬁ%’&ueb%é'pﬁéa‘%%gﬁgﬁtgghc?ﬁ #ixgé foitg{ ﬁ@xﬁgﬁgi on fromthe
i nner race of thémbedzblggeansincluding an adiggys a4chA8 5B BBV RNSTHI T 8 provi ded for
seal i ng an out er pmticfoaader.of a magnetically pernmeable shaft to an inner
surface of a hub di sposed about 10 the shaft. The seal includes an annul ar
fagnet wi th top and bottom annul ar pol e pieces coupled to opposite poles
t her eof positioned bet e@i® eRoIEIRAt they shafintiSt He FPﬂ[ﬁ)P'eﬁ‘ie?sBoE%'pi eces
i ncluding a Eagnﬁrrbmﬂd $70, peethee3dsl aad et €80 aad matwlofle@diricdlly cordadtiver r adi : I t hat
are target than . [ e . te but smaller

an the interi o?re?egé?g‘bs&g??%ﬁéﬁ%&%géest%mgﬂég%ﬁgﬁérzléﬁa %ﬁ‘??%‘%ﬁ ‘Eg 15 of the
outer surface of fqr'ﬁ@“%‘ﬁ&'?@f‘“ﬁ“f@”&'@‘g‘?éflfrp@iﬁ PiFSEL 38R e calchendrdiie r el at i onshi p
wi th the |zt eri oeatermelisuechitally keudieato pel heb.p Peteabhate diter exdii ot theli d

magnetical ly hel ol%ﬁe@esgﬁ(ﬁﬁfgﬁdfﬁé jf]ﬁ@ﬁédnﬁohﬁ@h@qgﬁar@sgg eJJoQI"iQtt he outer
a toTo t t

surface of the s rma sea er ebet ween, where he cont our ed
gor ti on i nt roduck® syfess arpaphisrrpiuid 470 elegiicaly eeuplinaras palspisfes ® Bencent r at es
the ferrofluid i patthee 38 pro@deshe tesistance dfdessdipenpabioat il &cehmandvdree shaft. 35

I one enbodi MeNprerddif, ARl fedd RSl RN GRS SRGsTHbpnat area that

is substantially L-shdaped, having a ton orl zontal .portion substantially
parallel t¥ a su?'?%'&%%gp AdqmsAnd "%F‘pﬁﬁ%'a'ﬁ')éﬂﬁ?ﬁ?a,“ %103'8%%@@0[?5 verti cal
porti on subst ant piatdsy260a268,| aeh Heoelbdiizalyu tampled Up ftbe shaif 1Tohthraiglaf t, and t he

top pol e piece i i & ] o i snhN a facing
ol at i onshi p i { RoE e e ol e s bl e P Rt Te

cont our ed portioﬁhagf the outer surface of the shaft Includes a raised
rved surface in a facing relationship with the top pole piece. In still

anot her 30yenbodi ment, it N8 HEREOLBE, BRM btk MeliBR ©Wh&lesSitr face of the
shaft includes two. incli ngﬂ surﬁ\aces.l nt rsectl%at %8‘ agg{{ﬁ to form an
apex of a ring abaiRrayfirolyde seal jonseaing asiRtiopary SRR drHRiAe "S- HR cont our ed
portion of the oatcenventional ferrofluidic seal the magnet and pole pleces are directly
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S0 22 56 ~a ~ a ~ 2003 WD 001 43698 PCTI USDQJ01567 5 surface of the shaft
includes a pair of axially separated grooves machi ngd cir %{ﬁ ntl al about
the outer surface of the shaft, to formcurved surf 8 dﬂﬁ. ﬁﬂ
anot her enbodi ment, the contoured portion includes a coaxial ring aff| xed
to the shaft. In still another enbodinent, the ring includes fO 5 a
magnetically perneable material) and the shaft is non-nagnetic. |In another
aspect, a net heddoofssseati ng an outer surface of a fs nmagmabiecsat | y perneabl e
shaft to an inner surface of a hub di sposed about the shaft is provided.
The met hod i ncl udattagheditie phedtte Ifrae) siirzeeonige auth anthe atiter Subfadanerl thiell Nng an

annul ar magnet i 4nt g NELAGAA0 B BheRhdhd A ASS kg ho OPPOSI te

pol es thereof, the &u pl eces havin rger 2 than
a radius of the ofiF d&ﬁeﬁ'dﬁé“%ﬁ‘eq RN iy gnd r("ﬁ?sﬁ’fbtpﬁ‘?%@‘baﬁ'bek*}ﬁf’%ur ed portion
on the outer surfsai Asfdesd:rmed;bme.:chls(rot)athmauﬁesamlougygrlamemtaabmhea bet ween t he

dtver surfage of thenfifchadal) isielabicfie Sl hBGE At hfaflillxats that the

interior 25 15 radius o I ece aC|n atlonshlp W th

the contoured poripdheft aﬁﬁntﬁféﬁéfc’é‘ieéde‘teﬁé?‘b’f‘l"‘t?rf?’fﬁf/‘“‘aab’é&f‘Sp& pS ofte) i njecting a
ferrofluid into téeegitpe dditywes e mdgeetdpx tpdble theifemauid aghitshie sttt our ed

Rertion 1o be MaoRelH bl kS AOREAIIE Aot Rlnidhe RhRLNSEA, SO 20 In one

enbodi ment, step s the step offormng a lamnate Including a top
pol e piece having a cross-sectional area that is substantially 35 L-shaped,
wi th a | ondChori zontal 4v0emli>cxdnnessudsztaattoha-wqrrommnahéﬁluﬁbr seafing d ace of a

pol e of the magnelayoalids Iﬁ]ﬂ%lggfotaeﬂbta ﬁgrﬂub% hb?ﬂhe Qenﬂn%husrp) I ncl udes

tehe step of posi t| n| ng | am nat e so e ver ,Eort' on of the
top pole 25 piece? §°"§ B SeSerbqHinespact e F@ 1?0"1%3"@6?’31’"V§J¥°f'aﬁ:e of the
shaft, and is in suppaErmges lebavidehaiinhis allathed btis inmerndr proxied! gpdB63 on. I n

anot! her embodi Men en Sigikufthde 378! tel@sichl)s < B0 ake étfarmwsw@%lt oured
Bhe shaft - P st i1 PRl A Saaioly HEheP 561 BHoruP AIGES SoEhe. ot op.
of form ng a cont owupled froepppeia mmltheg‘-'OBOmeppmarrmw sxtanfiacgRly nt er secti ng
at an angle to foliMbd KL Merdf sifabd SGnethBRBS QBRI GLETERRRMEPRL ky about the
e on yer ¢ ol s HE R a5 BBy B . B of it 0
%8| 43698 rcrnsooithe-$upport arm 360 is formed of a non-magnetic material to eliminate
20 magnetic coupiing with the top pole piece 380. The laminate 380 can be
fastened to the support arm 360 by any sultable means, including solder, an
35 adhesive or epoxy, and mechanical means, such as by tabs {not shown)
which are integrally formed with the support arm and are folded over an outer
radius of the laminate to secure it in place.
25
The other key element to this design is a magnetic shield arm 400
which Is attached to the hub 355 or a component affixed therato, such as the
outer race 235 of the bearing 215, so that it rotates with the hub. The
magnetic shield arm 400 can be fastened to the hub 355 (or a component
30 affixed thereto) by any suitable means, including solder, an adhesive or
epoxy. The magnetic shield arm 400 generally includes a flat annular disk
with a cylinder joined to an inner radius thereof, and which has a cross-
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5 axially separated grooves circunferentlally about the shaft, to form
curved surface therebetween. In another enbodi nent, Jﬂ ‘gplngzqgajdes t he
step of formng a contoured portion by affixing a coa I t he
shaft. 5 In yet another aspect, a seal is provided for sealing an outer
surface of a magnetically pernmeable shaft to an inner surface of a hub

di sposed about the shaft. The seal Includes an annular magnet with | op and
bot t om annul awoe43sel e pi eces fixed to opposite pol esregoeedsr positi oned
bet ween the shaft and the hub, the pole pieces having interior radii that
@re |arger than &eqtiendi area ftat is(-sharedowithea radighyf extandipg sadtien 4Wafthat t he top pol e

pi ece including éxtéifdgﬂ’l%nﬁﬁéhu@ﬂgé to2d Qﬁnttlﬂéﬁnehﬁteﬁld@ﬁ\h%ﬂlaé biythé-- shaped)

having a | ong hor.i ) JRY IIe 0 a surface of
a pole of the ma pe gé?dgng tb%&%e?””@ %%ep%} 3§ﬁ %{W{”Y ally parall el
to the outer surﬁ?@t@@lr\gfshleld@OElhia‘lQOb a ferrofl ui d magnet i cal ly held in a gap
eparating ¢ he vertical portion of the top 25 15 poI e pi ece fromthe outer
surface of the shaft tg form r neans for providing
a magnetic flux gradi eﬁ?e Fﬁ%?e%aﬂ%ﬂdl 6®c %E”éet% EOT ﬁemﬁ%r}ert‘?ﬁl?’ uidin the
gap between a cenergeakié "tatﬁéa'v@dtfﬁrmuld;?é'ﬁtla magreticallh seld dpa @eb 40pi ece and t he
%uterdsurface of b%theerﬁh@mepl&gsmtigsoﬂr\etaﬁma@dammmaﬂsgﬂad&"%&né fO][ .
providing a nagne i ux ient. l.nclu on o e
outer surface of ° %rhqé\‘dtogﬁ %mglglet% 7eﬁg’ ?"eeleaﬁ\e hqﬁ{%%ﬂﬁﬁ’ﬁt"t‘%e vertical
portion of1& he t@?ﬁ ;j@p@e prefersed embodiment the magngiio ghieré atm 4Q0Hrcludema our ed porti on
includes a rai seghirClayarest dadding s dif NRREIEsh aisnﬁwaftﬂéreattbadrmeaé)out the outer

gurface of the sh c:entl%%o%wgul'fac%%)énmr%c[aéﬂ s%éwnﬁaéﬂﬁ eé&%éoured portion

includes a pair 3 rential about
t he outer surfacebayg Pipeet ﬁhﬁ\"{‘d RQﬁ‘OﬂGQQﬂOé‘héEnfaﬂéglmgﬂneﬂ%@‘@*cﬁﬁ@ﬁ@%et ween. 1n

anot her aspect & IRek td He Pherhdi@chf thanarmead Bsg beWednthemagret 8sxce of 45 r 30

g magneticglly p%ﬁ.ﬂﬁ@%kﬁ%oﬂ}gﬂ Ch b A B ELESERL Anllodly SPOSEd about

the shaft. "The sea annul ar pol e
pi eces coupl ed t gragigp@stingconson @goftuwewe@ﬁcrwﬁ f@@ﬁ@dmﬁmé@e%e shaft and
50 24 55 18 J Welmaperz M@Mh%ﬁ%&wambwmﬂe%ﬁlﬁﬂarﬁsﬁrhee Btke the pole

pi eces i ncl udi ng,, rigPe%%t 'Tﬁc?é ra"g%ﬂ&aq?d cf‘eﬁ%ﬁn rdney’e fgp&ulaa)/,b%t exterior

tAadii that are small"er than a surface the hub, a
catcher affixed £¥1d Rsprihé Mg grt alctbe gt 408 ‘Ffﬁlﬂfa’f‘ﬁ@albfaﬁ"ﬁﬁ@?eqmde of a
magnet i cal oy per Mesbles, fiddectentifugairforcesnbitale R@atat) banireutotation bitye having a ~0 5

curved surt ace obdhferd bb Slind B Brt ﬂgﬂntﬂigb%.muvn%@téms ace in a

facing rel ations ext e I or | eces, and
gerrofluid rragnef"ir‘@d\ frgm H'@ISﬂ'eldrP°5‘°Ej&b‘h§@E&P%?Plsﬁ'ﬁ'dtaﬁé 4B fowarithees from t he
catcher affi xed tamidafeeaonhmbytcﬁtclﬁmga‘namrmrﬁgthéﬁewbﬂwm beWeenfmbyhleMnen t he hub
rotated rel ative t f the

pdrfor Sa{ﬂﬁm%rﬁ?!fﬁategﬁ'lhgssmegﬁeg@g ﬁ:Hé et e rrbo Hné

ferrofluid it istsuy (?/ Iment, the curved
surface i ndl udesSrindigpaier 158.aRq thedisc chamber ismainiained evendt HighrotalipRal t he open ends
bf the U shape exteetslexcestingl3y000 mwar d past the exterior radii of the pole
pi eces. |In another enbodinent, the catcher includes a top and bottom
portion. In still another errbod ment t_25 15 | east one of the top and
bottom portions of cat E‘H’éﬁe’l‘@dl"?ﬁ‘éﬁpﬁf‘?vl?oﬁmﬂﬁ 100 9P RiBRE NFBB.2 I n yet

anot her enbodi nmeshaped tresseseictidnel ares safif askemhrianlyhused Yo tdncentraedhesi ve, an
o-ring or g p! asﬁxb&e@@ﬁlﬂ@fom tmoﬁaa& Bﬁ@fe @answ;@mhe tbd Wi Hce 384 eces,

ferroflw , catcher a conductive rraterlals SO
and the pol e pi e‘éaé's"“s&q'@"%?éré’f’?f%‘l"’la '%\?)Bﬁ H'Sf‘%?yf’ﬁ%d%ﬁ‘fﬁqelda Be¥fe ferrofi uid
is 20 el ectri cal Myregeneitest theoute teurfarslobthe vertivekpodinn 2600 of thel-siwpetier, and t he
eatcher is electrically coupled to the hub, and the outer radii of the pole
pi eces and the 35 inner radius of the hub are selected so that a surface
area of ferrofluid electrically coupling the pole pieces tv the catcher
provide a resistance of |ess than about 1x108 ohnms. In still another

enbodi ment, the pole pieces are 25 electrically coupled to the shaft
#hrough an electrically conductive epoxy or a press fit between the pole

pi eces and the shaft. In still another aspect, a nethod of sealing an outer
surface of a



. 45 magnetically perneable shaft to an inner surface of a hub di sposed about
the 30 shaft is provided. The nethod including steps vf: (a) formng a
l'am nate including a magnet with a pair of annular pole pieces Med to
opposite poles thereof, the pole pieces having exteri dr rdiﬁl.z are
smal ler than a radius of 50 25 55 ~a~a~ 2003 W 00I43698
PCTNS00101569 5 the I nner surtace of the hub; (b) providing a catcher mde
of a magneti calVP {48 neabl e material, the catcher i nclrediveyemsr annul ar ring
having a curved surface on the interior radius thereof; (c) positioning the
Paminate insi de (PRPYSRISISSY thednnen sirfaceef thenghisinortion 4@9hsgsodmstide @axi al | y about
the | ami nate wi t lvoittiged PorSorc 085 etbo et driBeE abdlleatof @@lli‘@oﬁc@ht?&é gaship to the
exterior radii of t.e ref by a gap; and
affixing the cat g’hag,ri&'\fmmta*hQ}eﬁbglggéﬁ)dﬂ@qhé‘?eoﬂﬁf ﬂg'Qﬁ se?' "he i nner surtace
the hub. f5 In one enbodi nent, the nethod further includes the step of
injecting 10 a ferroBuilrdaddmm)anbr@agmphmm&eﬂthbhﬁgmbm&&@ﬁﬁﬁ)oand the

curved surface ofca,{llgbecog@ggnﬁg ﬂ&&o-B&yrﬁ@%@ﬁ %scﬁllelb%@ std_ 1%%%6'2‘? m a seal

t her ebet ween. gg ferrofluid
i s perforned bef8 % eFFriPPﬁBb"tVH-eT'E?A‘beH@P fct'@'aﬁfme”? 'Pfﬁ basrm flmg850f the hub.
in still anot her lsemﬁ\edhtermnt:qrnertoemeﬁuhbtuneméhfkedeﬂwetshieldfpb&isn adopRingVvi di ng a

cat cher having alﬁqudlﬁmegde%n@gw}olﬂ%ﬁé)mt%én-faane%r Ielgag? Qgcf V\{gen Joined form

namne curveg)tsur ace g t he
| ami nate bEt weenCHGRY 'Bbasaﬁlﬁﬂ’ YR fRsiEkiRieArai @ *]anehﬂmé%ltteUWOp and bottom
portions. |n yet odercutiere difpebibid partisredobifing RIRVEheR 850 & theSRdmdld an out er

e 20 2, EROsEle fakiphoR SHITRAOLE & Beldvet Arfllh iriiTopstivhace of a hub

di sposed about the S I.ncl udes ‘an ann “with a pair
of annul ar pol e &8 cé%pp%‘&pﬁ Reyrier Jiny g's) the open %’ﬁaﬁ%‘é‘rt%ﬁhi%@m ti oned
bet ween the shaf portanctOoh willlelibinate lve redodeamipiabared tHeTerraadid2go atomgnet i cal |y

per Teabl @ fat &1 | Sindt¥loBessan S Bithd biugief Atk dos 'k dleP o HIBL b t AN @ radius

of the Inner surf e of the #Igf erro magnel | cal ld in a gap
bet ween the pol e %’io@c%’ée R TV fFfsr reduced, pigragien Ph@eﬁ?j@ﬂ@'@ﬂ?%rm a seal

t her ebet ween, ankgtwerndiresbotiom pole pieed anidittg: rhdyeeticanieiafatmiad. iGanérbig, gap so t hat
when the hub is 53&@&%rng%tﬁd{%p§ilgd H’fﬁe%@if ﬁr@%ﬁ?&e tl?Jsh?ei@fward

g gration of the E’ d L. LS su stantla I n one
enbodi nent, the TEARS f%’?' Bﬁ?%{F'?‘FFr’(ﬂtht‘??éraF'@T PB FJP’EP“P'H'&ISGH&“% cat cher
affi xed t @0t he i neveavers ifrhiaa deerofoundthaherire mhgnetiatiadie arrh B0 bshi fig an 50 26

dipped to form & barrier film 295 aver the entire surface thereof, and will not

35 interfere with the operation of the ferrofluidic seal 345 provided the layer of
fluoro-polymer is sufficiently thin.

25 Some of the important aspects of the present invention will now be
repeated to further emphasize thelr structure, function and advantages,

In one aspect, a seal is provided for sealing an outer surface of a

5 magnetically permeable shaft to an inner surface of a hub disposed about the
30 shaft. The seal includes an annular magnet positloned between the shaft and

the hub, a top pole piece and a bottom pole piece coupled to opposite poles

of the magnet, the top and bottom pole pieces including a material which is
50

18



55° 18 J U ~ 2003 WD 00! 43b98 PCTNSQOA 01 567 s annul ar ring having a curved
surface on the interior radius thereof, the curved surtace in a faC|ng
relationship to the exterior radii of t he pol e pi eces Jg‘\gt

enbodi nent, the curved surface includes a cross-secti An I aV| ng a
U-shape, and the open ands of the U-shape extend radially inward fo 5 past
the exterior radii of the pole pieces. In still another enbodi nent) the
catcher is af fwoedsstso hub with an adhesive, an o-ring reFugtopbast i ¢ bonder.
~5 In anot her aspect, a seal is provided for seating an outer surface of a
stationary shaft magneticallypaeneaslarenditaying Bnnulanstizreuyith dnteriecradignatesst at i on about

the 10 shaft by a érmtthé)&%lub%ﬁﬂ'\b%gtehﬁ)HaQQoﬁﬁe bﬂmefhertéiﬁﬁsl gke@n outer race
affixed to the sha? udeﬁ an annul ar

magnet with a pai'l® USPgéﬁf?ﬁf 3?“'?1??%9%%3@%%1’%8{}5*@'6&?BGCPﬁ?ﬂf@lat%’gpol es t her eof
posi tioned bet wedwrizon! grniphisubstantalli earalied o ssufaepraéeipole ofithe mdgret,m ext endi ng

From said oyt gr1r53ﬂ§Qsi]§Bﬂ@FveRIé§IpBﬁbn|ﬁ@|ﬂal%ﬁ§tn%ﬂ-cbrﬂac§t%hbﬁbﬂ@rtotﬁ@&ﬁert0 a posi t i'on
et ween t he eces ferrofl ui
magnetical ly hel cf \FL gﬂt %?E%Bﬁ 'B%gng‘ﬁcahyte}??g&%? tﬁ? c §“r‘f'f“el d armto

forma seal betwserion hféh%hawe ainee ant dheleulsr suifacd of thersbattiotitliarseslt , t he magnet
S an interior rpfidesvdehat is larger 20 than a radius of the outer surface
of the shaft, and the pole pieces having interior radii that are |arger
than the radius of the outer surface of the shaft but s5 smaller than the
interior radius of the !mengembodimact thiiep pelgniecs ig sedsraiadiroarthe esterends bet ween

the inner radii @ﬁrféo%fﬂa@bmmya@a;swmad.sbrhgnesﬂﬂarf5dlsfbﬁbezsasurémg tenbodi nent
bhe magnetic shi

E{ oft piace mtfheebottomégoagce nCat I ﬁnla b%?l ttrf.% h lyS 25
substantially | A epée avin r de r?g e ﬁed Faaﬂhe outer race
at of sufficient M@ngﬂﬁucteéa&wmﬁr Wéﬁfaabﬁaﬂﬂgrﬁeéﬂfﬁw thegshethEomeer race and a
axi al segment extsapdhdfe gais badlle thdd igkicaddpetatiiging Bepddméde framd bet ween the
shart and, 4be, POl Q5 BN |70 58l oSl 8L BRLEI000T Tent e
shaft 45 30 towar"u@dswwscoraermhgqe&evp@gal B‘?ﬂ'@ﬂo'ftsﬁ@ @Hfﬁﬂéﬁ‘ RO M from t he
shaft supporti ng t@sgrest fimbghettifiergraiait oler b egenarealtitsresyraaging @d annul ar
var 0 tovar do. ¢ gt 3 oA BAA Shera ol B Ol B B S BRAREAT B0 1 01567 57
3 aft fromthe supHeR POrPMef thejorenle Ripreticddeen B Rt fts lavaupebB~ coating is
appl i ed to2the magred atmaghew tlxayradicno ovee GUEGer stk &eraby @haﬂnh@meof t he _
fort of 1 3 24y, g o ope DaRBAAE i SRR B Rmert ML gl ol 20dino 1
ssrface fo 5 in P8lePieee ingludes aﬂﬁ‘@"f"é’?ﬁ"ﬁ?‘f‘ﬁh'%fmﬁ”?f thgnjan integiabiaies ofenrbodi nent
the top pol e pi ecite fop@blagiEse,candr the yertieat portaradf tiey a pblealece extsndsst anti al |y
L-shaped, having b@wJ]gQRﬂeWérfo?n%&h@éfér%%hbrﬁﬂolﬁHi@c%ta%fobfa dVafPiile €1 to a

surface of a pole o % er vertical portion in a
facing rel &1 i onsthat I 6! aaptresmhofinepl e vertical pariignat ﬂ'ted°pap°é°rﬁ'%qed portion of
the magneti ¢ shi &d eperednfromrwheet it foimatthee horikontalrdodidh e atiower tip of et | cal porti on

of the top pol e REAEFdiES:R IRANA SlasHishARG: (Reied rbiifeshi el d

portion of the magnetlc rmto 1ntr X gradi ent

between the top P 'it‘ﬁ“Eﬁ'%@%ceaﬁbvefﬂgt“?h?'ﬁq%"EBPFN%?P%H%?"“&)@%PV concentrat es
t e ferrofiuid bedthebarizantaienitier of tfe téppelemiace toredde sadiaf migmtiafofthee verti cal

portion angythe sBicabidlaRy o thioutdr sirbe BRGE Rlk Gn 5 Bhdthd! eAb&Himent
a Nicke! cladding is applied to the top pole piece to provide a substantially
smooth surface in contact with the ferrofluid. In still another embaodiment, the
50
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25715 In still another aspect, spindle notor is provided for use in a disc
drive. The spindle notor includes a base) a stationary shaft coupled to the
base, the shaft having an outer surface, a hub supporLIeﬂ fij ;mi on about
so the shaft by at |east one bearing having inner and o te’ ln af fi xed
to the 20 shaft and hub respectively, and a seal for sealing an outer
surface of tha shaft to an inner surface of the hub. The seal includes an
annul ar magnetwabdsbson 35 pair of annul ar pal e pi eces cawmpboethstzo opposite
pol es thereof positioned between the outer surface of the shaft and the

4 nner surface of shdiigndiudes agomegerbpdrtionsinidethd seal in ositiened ibaiyeén e sai d out er

rﬁc]gat ove(r]I ?ﬁt norshé}pénat qséﬁsbleém_at%émwamb@ﬁd on][c?% tB;f’péleB@@é isiiPB bﬂweﬁn| Ej he
shaft an e magne ol.e.pieces, and a ferrofl ui agnetically he

bet ween the pol e “86%@938%@‘?”‘5" %%d[‘?c’g'°§h‘“€ﬁ{la”8{hﬁﬁ?"gmg‘ﬂggm{S‘eseal bet ween
t he shaft and t heeriesh portien ofrthe éaptroti piesntformsten amgigrreletivade thenoutant er i or radi us
t"ﬂat 'iS Ialrger 4%ur?ﬁ99Bﬂ?é%h@ﬂi_ro%b&lﬁg_Qf‘na%rﬁéﬂcWb%}eﬁ”e%@ﬁtﬁ@foptpag Shgft, an
(D ot e, P aces. ety Sehhe o of et Bt o ot e
magnet, and the tiegnetheremboiiiment, the varsg) m8ios 6 the tbg pdie bete IRABBs WO 001 43698
RCT/USCO! GIS67 5 it isisurtueh MRS ) Ruleh 8ok At alar! B%nflcs Bl eces and the
cross. sect ] onal PRI Spdent elGeatife b poe pec aisBe ek 6989 2

segnent f adt ened consentratesdog ferrofiuldbetwaen afentanof the centaurddeidace of theext end over
and interior to {&fcd potion QR sUlH sarfad¥ lofdhe RO THE sBRRE thepieBedi N
saubstantlall g g. r&aral Inel { thpsshaft zd bet es he ? aft and the

pol es of the rragﬂﬁfl'gnésepé‘\nfcu'ﬁ% ussteluwaasr?&d%e °t%rrr5'§‘§'|‘ Ef'gh?r,'nct & 8eal further

i ncl udes a suppobesede whiglkthe aefftrigcotpledrpbparing canablgphiolatablysteportindi al |y 5
towards the hub, ti b eb&lt tHe@B4fH the®karing BadtiRtd: bndbuierirideEatike s haf t

supporting,the a e | ar _pol e pigec th nnul ar magnet
#nd annul a}st 10 p(l{)}i%;gh%i{ gﬁ%@ger%p%%fﬂﬁrmérbg%fg%?e? ??\Aﬁ?gl?q'g\?\%(rg&s“{?he shaft from
the support arm windingen tha@éﬁﬁt?teCéhﬁb%(ﬂ‘i@ﬁqﬁnq\r#@tﬁﬂpwﬁOarf*mﬁuhcl udes a
non- magnet i ¢ mat & daade it burAitiet the spdre. t he magnetic shield arm I ncludes a
magneti c stainless steel material. 25 15 In yet another aspect, seal is
ovided far sealing an outer surface of a stationary shaft to an inner
Surface of a hub suppolt aepiiep@spest gt Pefhochplsasiinghan svar sutgge at al east one
beari ng hax ng i riagfetiadng pericetle $shaf R%n &inki suAskelona hublispbRt bbane hub

respectively. Th eal | S . ar e it |.f.. 30 of annual
pol e pi eces coutheaf:EJIt fggrdg%%{’)'m %em%&dggﬂ% rset _gc%o@ Y%ﬁ%g ’%@bé\%en 20 the
shaft and hub, sHckfing ARaHYIEE MBS VR P BRP Pides Bt 2botteRPeleiRge pr ot r udi ng up
through an | nner celipedes epposite pdiee therelif,ahé Jopeint eotiinn golapietdsatiavinggnet 35
between the ”agngﬁ%:ga?g%égggrﬁﬁe ﬁ%g@gﬁ%é’mﬁt@?é fa%?‘{%ﬁ% 4 %o‘ﬂsro?iﬂe% (Dei ng

magneti cal | y hel I eces an netic shreld to
ef fectivel3f for nfdfesealthadhefichbntop Rele siRes ipcluding & Hessiggiongigreedhainot her
&spect, a seal & qbewhithey Lishdpes cldvingga @ng Olotiantas potiere eustantialigt at i onary

shaft to an | nneéaél\éf {oaacﬁlrf%e & a R o?%ﬁﬁ!g&@tdartaoé s!{o%fa\yg%t@?l @%@Ht the shaft

by at |east one bearin aving inner a uter races X to the shaft
and hub respect i §sipntiaiy pargiel fo {hg opigy syTags bR Fhalk (WeRPSENIRG ¥'® a pair of 45
%ﬁ annual pol e pleetrate mowgeh ¢ cduter apfacsdftte shel esl thdhanaalrfee sf the oned bet ween
t

e shaft_gnd NURly iafind RS RHRPAE fof Boib b8 A8y RIEAY pgST the beari ng
and rotating with the outer race and the outer fu an orned of magnetic
50 29 55 the outer surface of the shaft; and (¢} injecting a ferrofluid between the

50

20

55



WD 001 43698 PCTNSO0/ 01567 5 material, and, a ferrofluid being supported

bet ween the shield neans and the magnet, rel ative rotaL'i n ﬂ tﬁaﬂshi eld
neans relative to the nagnet resulting ' in a fluid vel oﬁld [gr 33nt
decreasing fromthe rotating surface of the shield outward to the
stationary surtace of the magnet and magnetic poles. ~0 (t 1s to be
under st ood that even though nunerous characteristics and advant ages of

vari ous enbodi mesvessedf t he present invention have beenpggtsifgsth i n the
foregoi ng description, together with details of the structure and function
cf various enbodi véikpoftion bitBe top y&dpiéd@and thB batetkiuFade@S e éhditdo fotd ust rat i ve 10
only) and changes DBY 1mB&%b in detail, especially in matters of structure
and arrangenent of parts Wthi'n the principles of the present invention to
the ~ full extent indicated by the broad general nmeaning of the terns in
whi ch the appended cl ai msnaembedipstssab) hbudes thd1stes siafeitiedingtthe appended

c®Pai ms shoul.d not I f.er.- p i E’B%ﬂét i bed herein.
25 30 35 4r “45 5o'ag‘ga{§§m“ta§‘§e%{b%ﬁ'g@"%t?ﬁ%%tb%g%f_’a| ne%”ﬁ’?ﬁﬁé A seal for
seal ing an outer SYipreudase gktheshafbragap which i spalientbaht dstiesFerafinein i nner
surface of a hub nh spqoechiethduin theimttsh abike pletd einzacthereopdiment/itaes 10 (a) an
nul ar magnet pogi i t : ] o top pole
(S’lgece and a botto%aﬁ)t(') @gg‘? %@e%@%%bfaggof%ﬁ%ﬁan%%%%ﬁ%&ﬁ%%a&f%@e magnet, the
top and bott om poht®: ot liuisF indvdey the strRCEPgsEiPnigHe Bmingtegaditbt i cal | y
per meabl e, ®mnd hathe ogp issmaileatharshuiqrase vapaiatingthetop pale digcerfradtithe ifrleat are | ar ger

than the radius Ofuch ithdbthffo. M4l BffhePlmidifradlahh o hfuds R dopltfl e i ece

conprising a cross-sectional area that 1s substa | ped, having a
| ong horizontal pBFERGA PASLE RiFriNAYING 2 Fifved tETe WBerg hiepeftisa! #odPn a pol e of
the magnet, and ajoshadite borizoalt pottiah gpdrctived tip rat s faaer agd tongmeadnd act

rel ationship to tfe;ful fk gRidichter Mgl AReaM Uty enddify hOR-BRARO B eCE

25 15 held over a larger area.

In still another aspect, a sealls provided for sealing an outer surface

of a magnetically permeable shaft to an inner surface of a hub disposed about

% the shaft. The seal includes an annular magnet with top and bottom annuiar
20 pole pieces fixed to opposite poles thereof positioned between the shaft and
the hub, the pole pleces having interior radii that are larger than a radius of

35 the outer surface of the shaft, a ferrofluid magnetically held in a gap
separating the top pole piece from the outer surface of the shaft 1o form a

seal therebetween and means for spreading a magnetic flux gradient over a

25 large area to enabie the ferrofiuid to be held over a larger area across the gap

i to the shaft.

In one embodiment, the means for spreading a magnetic flux

gradient over a large area includes a cylindrical extension of the inner radius

30 of the top pole piece, the cylindrical extension in a facing noncontact
relationship with the outer surface of the shaft. In another embodiment, the

gap between the cylindrical extension and the outer surface of the shaft Is

45
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. 20 being separated fromthe outer surface of the shaft by a gap smaller
than a distance separating the top pole piece fromthe inner r of the
bearing; and (c) a ferrofluid magnetically held bet mednBtUU&eféﬁBal
portion of the top pole piece and the outer surface of the shaft to forma
seal 25 therebetween. 2. A seal according to claim1l wherein the top pole
piece is separated fromthe outer surface of the shaft by a gap which is
smal | er than awfiwgtigace separating the top pol e piece feTarsaohsr bott om pol e
pi ece. 30 3. A seal according to claim2 wherein the shaft further

éonpri ses an i nnesmalacteamb a distbeRsepagptigipacditdriog extersicalfradthebottom t he hub. 4.
A seal according Lge Gl Th LuRiikt Bmbddfind £ Geft (hhECFoREBR] 865 2 35
curved corner where the vertical portion joins the horizontal portion to
spread a nagnet i ciMeURCEPTRIPEANNI 8sR3Fating (hg st frarpdie Pibe @BH YR QDI i ng t he
ferrof luid to be betwebnahesylirairitahexgensionaeithe @der surfac8ofthelshafbie smaNer DO! 43598

PCT1 1 1S00104-67 545 o Astifidlse Al HofinisRalh @il iRl fldh e blkcel el addi ng

is applied to the top pole piece’to provide a substantia snoot h surface
in contact with tR®&rrofluid. ~0 5 6, A seal according to claim~ wherein
the shaft conprises a contoured portion, and wherein the seal is positioned

between the shaft and tmseﬁH&hégs;Le!af?é setantgﬂrﬁﬂﬁédif&%alin%)éﬁdgﬁ?smeace; Qe top pole

piece is in a facipng i5 relations g_gto e contoured p lon. 10 7. A
spi ndl e mot or confPtdTEgAgicelly@ermeable §iatt i agingersurage ot S HIEPSEABYYE f ur t her
conpri sing:10{a) athbasatt. Tiee sebi indiudehan gnalbt magnetwithpdpeahd bottdm annblear i ng capabl e
of rotatably suppgsid bigschidaud ogdeit! polel Shepddrdsitiotd¥beliRRh aGnkiVi ng i nner
and outer races a?rgj%g%st E@pt he _s‘?l%ft p(;cl)nd 25 1_% Hﬁb resgectﬂﬁv%@;; (c)
magnets attached B% WHEPHRPOIRRIRFS pFludpagmaogeticyllyparmegeie et adbsepl at e
capabl e of i nter abavingdnt@0r il hattanelangerghast tse Edius bisheauiter swrfacaoies it to turn
[e| ative to thefS%ﬁfb%Jt s%%ll&-thaﬁtﬁ@rﬁfleriér%diéeoﬂhbl’?r%gﬁé‘!,bé)%hﬁ)ﬁreﬁlﬁglfti e ?ftﬁ shaf t
§g afa [] ! [] Egrgzglr géﬁ%ew?@%%gme%ﬁafl. %e%ggtgl}?eac}) po?tion%lj'iafac‘!insgeggt%nsh?‘p ou ©

with the Interlor radius of the top pole piece, and a ferrofluid magnetically held

in a gap separating the top pole plece from the outer surface of the shaft to

form a seal therebetween, whereby the contoured portion introduces a
% magnetic flux gradient that axially concentrates the ferrofiuid in the gap

20 between the top pole piece and the shaft.

35 In one embadiment, the top pole piece includes a cross-sectional
area that is substantially L-shaped, having a lang horizontal portion
substantially parallel to a surface of a pole of the magnet, and a shorter

25 vertical portion substantiaily parallel to the outer surface of the shaft, and the
top pole piece is positioned so that the vertical portion is in a facing
relationship with the contoured portion. In another embodiment, the
contoured portion of the outer surface of the shaft includes a raised curved

45 surface in a facing relationship with the top pole piece. In stlif another

30 embediment, the contoured portion of the outer surface of the shaft includes
two inclined surfaces intersecting at an angla to form an apex of a ring about
the shaft. In yet another embodiment, the contoured portion of the outer
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(a} an annul ar magnet with a pair of annular pule pieces coupled to
opposite poles thereof positioned between the shaft and the 25 hub, the

pol e pi eces conprising a nmagnetically perneable mate d

exterior radii that are smaller than a radius of theL&r‘I‘é@rr‘smgce of the
hub; {b) a catcher affixed to the inner surface of the hub, the catcher
made of a magnetically perneable material and conprising an 3Q annul ar ring
havi ng a curvedvawsdkace on the interior radius thereof pcitiogisti ved surface
in a facing relationship to the exterior radii of the pole pieces; 50 32 55
2 ~J UL 2003 Woswiate! 3698 siETiddiieeh paibbizxkially {apprafedrgraatvésumachimagnet i cal | y
held in a gap Sep?ﬂFtﬁHé?ﬂﬁﬂEl%onﬂ%aeou@rgﬁfa%e Bf:ﬁéfkmetoqa&@&ﬂfedémdcéed to the

i nner surface of ., whereb

tive to the
shaft spl ashi ng ofesheWarH Wi?j’i"g‘ﬁ RPagimenh &g ‘éqnf%fquﬂ"G’oFt'"c?Ugessﬁbst antially
reduced. fO0 9. A sealalringabiket tothetimftc Instihardthahemimdiment)the dog ingutles ur t ace
¢onpri ses 8 L1 05S 5 3Rehdiedlborieafle RAKHAGNG the HaAREondRdnalier el n open -5 ends
of the U shape extend radialiy i1 nward past the exterior radii of the pole
pi eces. 10 10. A seal according to claim8 wherein the pole pieces,
ferrofluid, catcher andinhaiptteoaprecse eéteahofcedaling aondercsurfaee nbéer | a4s, and

v,\@er ein the pol e HiaSﬁ‘e%%ll?B&m%Erﬁ&MaHB%ErMer“sQHéHe%ﬁa B d'ﬁsBS‘seﬁ Q@cfu"tthet he
ferrofluid is electrical

e pole piec ot he catcher,
and the catcher 28M2fids |p§°"é?‘goﬁ‘lelrﬁeéhqd)}“%”cﬁ‘ﬁ}glséec?st°g (th’"ﬂ’ﬂ%a "BABE S her ei n t he
out er radiilltof th@&cpdhgarpinegdesnapnet with plandisattomadiular pole pietes fikedio ar e sel ect ed

so that a surtaceoggoggé ;SB‘!esﬁﬁérE&%é‘bSle?le@é‘stﬂab HtéﬁoPFéHP{hb(‘é}e‘id?@erp0| e pi eces
t® the catcher g“w E‘ §6 ‘:'!%F ? bout ?@9 ohnms. 30 20
11. A seal for se ai’ﬁéad i ?%Lfie? %féhe afé( °é'f‘|”8ﬁ§?'§}°”§ f'fo an inner
surface of a hub suphecuteedurfage of be atafiote) abrisioting ke isrhindte betyeert the east one 35

bearing having anobt&*‘sﬁﬁade%ﬁ@ie@lmaﬂ&ﬂ@hﬂn@ﬁsuﬁﬁé‘e@:fﬂifafhha(&ﬂhétfﬂwetxﬁ@no‘ﬁhaft and hub
respecti veI a pair of

the_s ri.sin
ahnul ar é pi ecéagﬁ’ ftﬁeﬁgf’%ap'?‘% '%%)626'@? ‘[eg H'@%v't? ﬁﬂg%"g?“r%go[’ﬂq\pf’oned bet ween
t he shaft and t he ardspargisy ﬂmrmgrwtaugep,sﬁndécl)dmhm aferroflviti intg thfergepn sai d out er
race over but not b&ﬂéﬁ?ﬁﬁé@é él@pxé&%nume%ntdmomn@;m&?ﬁét@a lyhatween the
shaft and the magnec}ef %(P eces; and 45 30 (c) a ferro Iui d
nmagneti cal Iy hel d®BePRERR 8’35%*7"%% aces and the nmagnetic shield armto
rma seal between the shaft and the hub. 50 33 55

20 In one embadiment, step (a} includes the step of forming a laminate

including a top pole piece having a cross-sectional area that is substantially
L-shaped, with a long horizontal portion substantially paralie! to a surface of
a pole of the magnet, and a shorter vertical portion, and step (¢) includes the

35

step of positioning the laminate so that the vertical portion of the top pole
25 piece is substantially parallel to the outer surface of the shaft, and is in a
“ facing relationship with the contoured portion. In another embodiment, step
{b) includes the step of forming a contoured portion having a raised curved
surface disposed circumferentially about the shaft. In still another
o embodiment, step (b)inciudes the step of forming a contoured portion having
30 two inclined surfaces intersecting at an angle to form an apex of a ring
disposed circumferentially about the shaft. in yet another embodiment, step
(b} includes the step of forming a contoured portion by machining a pair of

50
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~ 8 J UL 2003 wo 00~a3s9s PcTnsoo~0~ ss~ 5 12. A seal according to claim
11 wherein the nagnet has an interior radius that is larger than a radius
of the outer surface of the shaft, and the pole pi ece1sﬁ|qyu gnggeri or
radii that are larger than the radius of the outer surface O shaft but
smal l er than the interior radius of the nmagnet, and 5 wherein the magnetic
shield arm extends between the Inner radii of the pole pieces and the
shaft. i5 13. wo®wauws according to claim 1l wherein t h@CHe§hBEF c shield arm
conprises a cross-sectional area that is substantially L-shaped, having a
50 radial segnendXalyserarild 9rerves ercyesntialiy @bous thegthatlh ie fameiceMed | engt h to
extend over and s$untéd therebdtwednhh dnotherentbadiment e bpindiddes hegprt ext endi ng
substantially p . d : ft and the pol es of
t he magnetic seg{O%J}%‘ i@?of%aepxﬁ@@g)fa@@%oér)%%%ﬁﬁ%{ogﬁa%?nﬁm further including
a support armextending axially fromthe stationary shaft towards the hub,
¥ distal ragion of t heingetpethdr aggeny, 4 seals pro@daaiabéalisgmarer surigea radi al |y
outer end of theofmgka(ca@*amgb@&gﬁmgin@{ﬁuﬂgée%fﬂag%aase& bgpupnnul armagnet
I"'e pPieces e radi al nwar d towar ds

and annul ar 30 po xt endr ng %/.I the shaft from
the support 24 affshalis Theseahnciudes angnngiagmagyet WihdrAhLHOTAEHEl n a Nyebar ~
goating i s appligde pieces hedagppesie@olshiheleds psitoneo betecantite sratlead m grati on of

the ferroftuid awg?qlé%?f%gge}}geég V?”&?]'ﬁ?’%p?ﬁ@“?rgﬁé la?g%FfHEﬁjL ysgf claim1l

wherein a N ckel ¢ I'S apsB > magnhet1 c shie armto provide
a substanti®al | y $aewersugared e shaft d5ierRale RigerincdiBg pErostpeie® 45 50 30 17.
A seal accordi ngares tedtals nsubdtantiaty eishagelde hiviny pobeg hodmetat poftion ses a

8 035- 5ect 1 0Nal 3 ignddipharkib BUPSAES b bl ot HaHAAer, Bl ot | 0N

ho~~zonta! portion su ntia %)Para | e a surrace of a pole of the 34
55 18 J U L 20tsics! prigfretupstamivapacalist focthe \patef swiace gbiei ¥aftis a facing
rel ati onshi p wi tferrafuidi rsagnsticaiyttiellin y gapeseparbtivly tHeovedica podibrdofpiertop on of t he

magnetic sfi el d glidihiedsfronfng Bk RGN HAGnAPtoGbr I3chitnSdRddn, L he verti cal
fortion of the tOrP I ece co d surface facing the

ol e rises a contoure
shield portion of"% E‘@a'fdgrrfﬁﬂ’ﬁpé“tgi %T’R@‘?F& f&’xéfaﬁief‘b‘H?tr?f“F PR T R hgneti ¢ f1 ux
gradi ent bet weenthe fegoluidin helgep prtease agendertoftbe wdtiicel mbrijooplithedtop pdieat axi al |y

concentrates theyfQranaidedutt Dflabesheasnggnt er of the contoured surface of
e vertical portion and the shield portion of the nagnetic shield arm 15

9. A seal according to claim 11l wherein the support arm conprises a
20 In one embodiment, the means for providing a magnetic flux

gradient includes a contoured portion of the outer surface of the shatt in a
35 facing relationship with the vertical portion of the top pole piece. in another
embodiment, the contoured portion includes a raised curved surface disposed

circumferentially about the outer surface of the shaft. In still another

25 embodiment, the contoured portion includes a pair of axially separated

‘ grooves machined circumferential about the outer surface of the shaft to form

a curved surface therebetween.

45 In another aspect, a seal is providec{ for sealing an outer surface of '
30 a magnetically permeable shaft to an inner surface of a hub disposed about
the shaft. The seal includes an annular magnet with a pair of annular pole
pieces coupled ta opposite poles thereof positioned between the shait and
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non- magnetic material. 20. In a notor conprising a magnetically perneable
shaft having a hub supported for rotation around the shaft by at |east a
pair of ball bearings, 20 each ball bearing conpri sﬁrﬂ; Jhll_l rﬁé}ﬂB race
supported on the shaft and an outer race supporting the hub for rotation
around the shaft; and ' a magnetic seal conprising top and bottom pole

pi eces i sandw ching a magnet attached to an inner surface of the hub for
hol di ng a fer™sfogmsed bet ween the nagnet and the beari pgpusssmessor shaft, and
further 25 conprising neans for spreading flux generated by said nagnet
bver a | arger rededwbohe aele pieges indydingaf mednetiqaty perpeativesatedal @ndhance

stability of thehmalexanarmw@aefswnedmaa rAalus BtnéNfer SR8 B RY- 30 35 35
A A(. A . An. Anl. ASCA AATr. A&AAY

9. Af. Ar. AHr. Al . ATTAR R ’Aé"eﬁé {*@di?fis“ff?‘%?z"ﬁ%““é‘“e Selohé hade of 5
0258} xsmhc XS] cﬁ@@?ﬂ]ﬁi‘ﬁ]ﬂé@]@bﬁ@]@%@]f@hﬁ@aﬁdmﬁ]mﬂ aimigh Umhmér]gca] ca] caU] ca] ca
G ca] cal) ca cal] eabedsatsc dhan meklrabsakdealed aHea s Ftablpgt PRIZL I

o op ey Lol oL SRR S Bk b Pl s bty ot ey (21 (2 (el ¢
) | ¥ ~***** 022222388384 B8p sGREY BB rOS pe P8 §DB Te: chicherialiked tlHedmnel caU] ca] c* a] ca
Jsca] ca] ca] ca] ca] siHeeabe o] wadresy] withandhoa Wiaed rdals &l halghad cal cal] cal] ca

] 5<§]<1031/9>31>|Ca@@¢t€1‘a@@ %@%’Wﬁé&tﬁﬁﬁdﬁ%ﬁ‘sw&i RPUFTIEY, "8L1°8Y] ca] ca] ca] ca] ca
] caV] ca] cal’ca] caU] ca] c(a] ca] ca] ca] cal] ca] caV] ca] cal] ca] ca] cal] ca
gl\/]Gc?] (C:]a]Sfa} Ci'i] ::a In one embodiment, the curved surface includes a cross-sectional 1U ca] cal o a]
A cajcalc(a

ca] cal] ca] caJU] Xai]'gg] %ﬁ?ﬁ?ﬁ% ca cae]" 6]5%% ?ﬁ@éﬁqﬂ ca] ca] ca] cal]
ca] cf aU] c(a] ca] ng]ver szt/khe exterior radli of the pole pieces. In another embodiment, the

aacccc” clcMeQei gagiehinslideis ekthk krdsttsts lpkribipih whil 20 Mddemdesakeal] cal] cal c*a
%ﬁcal ca] cal gaUl caked the et Gl abhabaaled sl krdgathealsal cal cal cal calc

cal Ca
psss]ssslwvx{ {411 11e bt jnyet snefier apRadinent tecqaieherds afiteddp bey witl] @m] ca ca] ca] ca]
ca] ca] ca] cal] ca] sdnajiva e ajringoc a prafcamhasr] Gedrotiel snbddmndng (] sod ca] ca! ORXga+:

d_zkf
;alyﬂsg;] s gg}/gl fm%tnca ﬁ‘al af&qsfglcng%@gwﬁaé jai@%ﬂ%%%%a] ca] ca] ca] ca]
E&Ti Q5E), / 5CP_&* gl hajferseliyiddg ca) cal cal cal ¢
a] ca] ca] capca] caélw]oelbj]aoamm]um&m]eqﬁo]asa]daalhea]ate)&} el ee]carhlrea

y f?(gﬁl dz‘X{dSaC[O] electncailyco led to the d t eou d of ecpaje@a S a dcuk?a] ca] ca] ca] cal
Iﬁg] ca] ca] ca] cal] 'E%\ sc a’]‘%ﬁ 'T%;T ecigd éa] ‘@]%‘ ace a’eaijjfe"mﬂ”'d
u+z7: Vbehnwz| d| vwleng'im‘aﬂmpt]phmgaqlep@de]smtta]catcbe]rpm}uda]a :eai]mar]ecoal]asm] cal ca] ca] ca]
ca] ca] ca] ca] ca] cah sl Aadlinal Qn 3hC & Wz2y}wr | gb] Xy
b\ W/ 1] ca] a] ca] cal calUl ca c g‘]ag%cg% ca] c:doc ca]sca cal] cal] cal] ca

c(alc aU] ] ca] C %@F 68]‘@%‘8&]96% an electrically conductnve epoxy ora
;’fy, D\) p} xsni ¢c] Xrgess\itHdtyesnlthecmld pie::]esarm]tnaagrma.] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] c(a] ca] cal] cal] cal] ca] ca] ca] ca] ca] ca] cal] cal] ca prE"'(7CS0 3 il/25;
| call eal c(al eal cal o] APUCERY] Shrat BAPLy sabBERr osbyayacs ora 1o °2
AVe>w} xsni d_ZU] onjorafjcetyl reaiszblesbdfoadritizdr sulecedfehiicdiddosad abaliteta\/] c] ca] cal cal ¢
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1 0% & () 1098978 e matena the caéc\pRr& Iud| "Fo?“ %ynar ring having a cu e

10/ S710% & () Y4~ shfédeSon(the BREGURELY therédf 0%y ;&s@i@nmdg@é@%n@&' ifsjde the

ATy “<V.K%'1{)L;/§fﬂe‘*é'o e ot VBBl ol ARV ket 1071 m & ()-
f" 10%4{ 4| E&) £ 1\19 Hac&m@ fag Jﬂg-rfeﬂ;gn?]% @t@ enterloﬁ_r@% ?f gie(p})lemeciso(yﬁ g&()-1"
"109%9 g & () - | * *arnti’sérfa\‘étMIhéféft@f\ byvd GepRar(d)fMhO UE cét):hermmb (@rinaiD4| 104

104] 710%4| & () - | Aneli¥ehbis: tB}rre uTnel‘erQ%%q g S"10%& ()-!x S"10%%& ()-'4"S"1
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16f 7109&' () -4 10%&' ()-f3109& ()-!zf("109& ()-y!f("109%& ()-y2233334aBSH=!0"
10f 10%&' () - @ In one embodiment, the method further includes the step of injecting

10 a ferrofiuid into the gap between the pole pieces and the curved surface of
the catcher to be magnetically held and form a seal therebetween. In another
embodiment, the step of injecting the ferrofluid is performed before affixing
the catcher to the inner surface of the hub. In still another embodiment, step
(b) Inciudes the step of providing a catcher having a top portion and bottom

25 15 portion that when joined form name curved surface, and step (c) Includes the
steps of placing the laminate between the top and bettom portions and joining
the top and bottom portions.

30 in yet another aspect, a seal is provided for sealing an outer surface

20 of a magnetically permeable shaft to an inner surface of g hub disposed about

the shaft. The seal Includes an annular magnet with a pair of annular pole

35 pieces coupled to opposite poles thereof paositioned between the shaft and

the hub, the pole pieces including a magnetically permeable material and
having exterior radii that are smaller than a radius of the inner surface of the

25 hub, ferrofluid magneticaily held in a gap between the pole pieces and the

inner surface of the hub to form a seal therebetween, and, means for
containing the ferrofiuid in the gap so that when the hub is rotated relative to
the shaft splashing of outward migration of the ferrofluid it is substantially

45 reduced.

30

In one embodiment, the means for containing the ferrofiuid inciudes
a catcher affixed to the inner surface of the hub, the catcher including an
50
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befween the pole pieces and the magnetic shield arm to form a seal between
the shaft and the hub.

30 in one embodiment, the magnet has an interior radius that is larger
20 than a radius of the outer surface of the shaft, and the pole pieces having

interior radii that are larger than the radius of the cuter surface of the shaft but

smaller than the interior radius of the magnet, and the magnetic shield am

extends between the inner radii of the pole pleces and the shaft. In another

embodiment, the magnetic shield arm includes a cross-sectional area that is

35

25 substantially L-shaped, having a radial sagment fastened to the outer race at
of sufficient length to extend over and Interior to the inner race and a axial
segment extending substantlally parallel to the shaft and between the shaft
and the poles of the magnetic seal. In still another embodiment, the seal
further includes a support arm extending axially from the stationary shaft

30 towards the hub, a distal region of the support arm from the shaft supporting

45

a radially outer end of the annular magnet and annular pole pieces, the
annular magnetand annular pole pieces axtending radially inward towards the
50
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is applied to the magnetic shield arm to reduce radial migration of the

ferrofluid away from the seal. In another embodiment, a Nickel cladding is
applied to the magnetic shield arm to provide a substantially smooth surface

10 5 in contact with the fefroﬂuid. in still another embodiment, the top pole piece
includes a cross-sectional area that is substantially L-shaped, having a long
horizontal portion substantlally parallel to a surface of a pole of the magnet,

15 and a shorter vertical portion in a facing relationship with and substantially

parallel to a shield portion of the magnetic shield arm. In yet another
10 embodiment, the vertical portion of the top pole piece includes a cantoured
surface facing the shield portion of the magnetic shield arm to introduce a
magnetlc flux gradient between the top pole piece and the shield portion that
axially concentrates the ferrofiuid between a center of the contoured surface

of the vertical portion and the shield portion of the magnetic shield arm.

25 13

In still another aspect, spindle motor is provided for use in a disc
drive. The spindle motor includes a base, a stationary shaft coupled to the
base, the shaft having an outer surface, a hub supported for ratation about
30 the shaft by at least one bearing having inner and auter races affixed to the
20 shaft and hub respectively, and a seal for sealing an outer surface of the shaft
to an Inner surface of the hub. The seal includes an annular magnet with a
palr of annular pole pieces coupled to opposite poles thereof positioned
between the outer surface of the shaft and the Inner surface of the hub, a
magnetic shield arm extending from said outer race over but not connected
25 to the inner race to a position between the shaft and the magnet and pole
pieces, and a ferrofluid magnetically held between the pole pieces and the

35

magnetic shield arm to form a seal between the shaft and the hub.

45 In one embodiment, the magnet has an interior radius that is larger
30 than a radius of the outer surface of the shaft, and the pole pleces having
interior radii that are larger than the radius of the outer surface of the shaft but

smaller than the interior radius of the magnet, and the magnetic shield arm
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15 towards the hub, a distal region of the support arm from the shaft supporting

the annular magnet and annular pole pleces, the annular magnet and annular

10 pole pieces extending radially inward towards the shaft from the support arm.

In yet another embodiment, the support arm includes a non-magnetic

material. In another mind, the magnetic shield arm includes a magnetic

stainless stesl material.

25 15 In yet another aspect, seal is provided for sealing an outer surface
of a stationary shaft to an inner surface of a hub supported for rotation about
the shaft by at least one bearing having inner and outer races affixed to the
shaft and hub respectively. The seal includes an annular magnet with a pair

30 of annual pole pieces coupled to opposite poles thereof positioned between

20 the shaft and hub, shield means supported from the outer race and protruding
up through an Inner diameter of the radially extending annular magnet

35 between the magnet and the stationary shaft, and a ferrofiuld being

magnetically held between the pole pieces and the magnefic shield to
effectively form a seal betwaen the shaft and the hub.
25
”~ In another aspect, a seal is provided for sealing an outer surface of
a stationary shaft to an Inner surface of a hub supported for rotation about the
shaft by at least one bearing having inner and outer races affixed to the shaft
and hub respectively. The seal includes an annular magnet with a pair of

30 annual pole pleces coupled to opposite poles thereof positioned between the

45

shaft and hub, shield means supported from an outer race of the bearing and
rotating with the outer race and the outer hub and formed of magnetic
50
29

55



"10%5 G & ()-!" "10%|L| & ()-!& "10%|Z| & ()- "10%P

P& ()-zX9_=!1Sl 410%}| & ()-!N-"10%}| 4] & ()-!-"10%| 4] & ﬁg gmfo%ﬁ% ()-1F("1
0% & ()-F!5 "10%| |& ()-+ xb@!! #10%h& ()- F10% 10% hé&' () - 10%
h& ()- 104] 104] 104| Y710%| & ()-x: (}zX9b@! " 10%

h& ()-1\""109%h& ()-!C "10%hch& ()-!H "109%hhh& ()-!H 109%hhh& () - #10%
h& ()- }XYNC8!! 10 h 10 h 10 h710% h& ()-!9%10% & ()-L % 10% h

h& ()-L!" 96 10%ohokds () - L! 9% 10%h<h& ()-L"Ez[ ONCB!!  pcrmsoorssy

11" 10% | & ()--" Y"109%4| & ()-1HY"10% | | | & ()- ! H Y"100%4| 4| & ()-! Y" 10%4| 4| & () -
510%4| & () - Z&( z XaTatgrial. Bnd, a fayofyidheing(sypported begerp|tiR| shleldmeans amtihes G & () - 'y

. égiym & ()- |+ "rAitffel relafie btatidrdof inb QA AeBhd rbiativeltb th@hiabnet rekQfidks () - Y 104]

104] 710%| & () - 41894 ¥P'05" SPEHRK dg=p3sine fromthe gotating syriece qfthg sield & 11 o @ 109&:
) S 9@ 109%&' () -l to'thepsigio rvsurﬁage of tigaqnpt and magnetic poles.
BPooR' ()-! @" 109 ()-5U{ Y7j @' 17 S&"10% ()-!!S&"10% ()-! S"10%& ()-& &S"'1
0% () - &IGLOY&! () - 1o 4q hat.eveR dhaugh n ractpris
>@ 109%& () - SE), / aBj @'t T 1% A igwieeq ek el RS Pt St 0oePs: () - S
10%' ()- , F10%& Fﬁa‘@BT@SWfM@OUS embodRAenBof the'P(eperdinrariog Bave e 0% &' () -
A% & () - m 10 1Gset forth in the foregoing description, together with details of the structure and
function of various smbodiments of the invention, this disclosure is illustrative
10 only, and changes may be made in detail, aspecially in matters of structure

and arrangement of parts within the principles of the present invention to the

~y

full extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. Thus, the scope of the appended claims
should not be limited to the preferred embodiments described herein.
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(a) an annular magnet positioned between the shaft and the
hub;
(b)  atop pole piece and a bottom pole piece coupled to opposite
poles of the magnet, the top and bottom pole pieces comprising a material
which is magnetically permeable, and having annular shapes with interior
15 radii that are larger than the radius of the outer surface of the shaft, the top
pole piece comprising a cross-sectional area that is substantially L-
shaped, having a long horizontal portion substantially parallel to a surface
of a pole of the magnet, and a shorter vertical portion in a facing, non-
contact relationship to the outer surface of the shaft; the top pole piece
20 being separated from the outer surface of the shaft by a gap smaller than
a distance separating the top pole piece from the inner race of the bearing;
and
(c)  aferrofluid magnetically held between the vertical portion of
the top pole piece and the outer surface of the shaft to form a seal

25 therebetween.

2. A seal according to claim 1 wherein the top pole piece is separated
from the outer surface of the shaft by a gap which is smaller than a
distance separating the top pole piece from the bottom pole piece.

30
3. A seal according to claim 2 wherein the shaft further comprises an
inner race of a bearing separating the shaft from the hub.
4. A seal according to claim 1 wherein the top pole piece comprises a
35 curved corner where the vertical portion joins the horizontal portion to

spread a magnetic flux gradient over a larger area thereby enabling the

ferrofluid to be held over a larger area.
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10B7109B& ()-!-"1 he hub so tha vertical portion of the top pole piece is in a facing
15 relationship to tha contoured portion.
10 7. A spindle motor comprising the seal of claim 1, the sbindle motor
further comprising:

(a) abase to which the shaft is coupled;
(b) a bearing capable of rotatably supporting the hub about
the shaft, the bearing having inner and outer races affixed to the shaft and
25 15 hub respectively;
(¢) magnets attached to the hub; and
{d) a stator winding on the baseplate capable of interacting
with the magnets on the hub to cause it to turn relative to the shaft.
30
20 8. A seal for sealing an outer surface of a shaft to an inner surface
of a magnetically permeable hub disposed ahout the shaft, the seal
comprising:
(a)  an annular magnet with a pair of annular pole pieces

35

coupled to opposite poles theraof positloned between the shaft and the
25 hub, the pole pieces comprising a magnstically permeable material and
ul having exterior radii that are smaller than a radius of the inner surface of
the hub;
(b)  a catcher affixed to the inner surface of the hub, the
catcher made of a magnetically permeable material and comprising an
30 annular ring having a curved surface on the interior radius thereof, the
curved surface in a facing relationship to the exterlor radii of the pole
pleces;
50
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9. A seal according to claim 8 wherein the curved surface
comprises a cross-sectional area having a U-shape, and wherein open
15 ends of the U-shape extend radially inward past the exterior radii of the
pole pieces.
10
10. A seal according to claim 8 wherein the pole pieces, ferrofluid,
catcher and hub comprise electrically conductive materials, and wherein
the pole pleces are electrically coupled to the shaft, the ferrofluid is
electrically coupled to the pole pieces and fo the catcher, and the catcher
15 is electrically coupled to the hub, and wherein the outer radii of the pole
pieces and the Inner radius of the hub are selected so that a surface area

of ferrofluld electrically coupling the pole pieces to the catcher provide a

25

resistance of less than about 1x10° chms.
30
20 11. A seal for sealing an outer surface of a stationary shaft to an
inner surface of a hub supported for rotation about the shaft by at least one
25 bearing having an inner racs and an outer race affixed to the shaft and hub
respectively, the seal comprising:

(&) an annular magnet with a pair of annular pole pieces

25 coupled to opposite poles thereof positioned between the shaft and the
-~ hub;

{b) a magnetic shield arm extending from said outer race over
but not connected to the inner race to a position between the shaft and the
magnet and pole pieces; and

30 (c) & ferrofiuid magnetically held between the pole pleces and
the magnetic shield arm to form a seai between the shaft and the hub.
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10 radial segment fastened to the outer race at of sufficient length to extend
over and interlor to the inner race and a axial segment extending
substantially paraliel to the shaft and between the shaft and the poles of

the magnatic seal.

i5 14, A seal according to claim 13 further including a support arm
extending axially from the stationary shaft towards the hub, a distal region

25

of the support arm from the shaft supperting a radiatly outer end of the
annular magnet and annular polé pieces, the annular magnet and annular
0 pole pieces extending radially inward towards the shaft from the support
20 arm.

15. A seal according to claim 11 wherein a Nyebar® coating is
applied to the magnetic shield arm to reduce radial migration of the
ferrofiuid away from the seal.

35

25
16. A seal according to claim 11 wherein a Nickel cladding is applied
to the magnetic shield arm to provide a substantially smooth surface in
contact with the ferrofluid.
45
30 17. A seal according to claim 11 wherein the top pole piece
comprises a cross-sectional area that Is substantially L-shaped, having a
long horizontal portion substantially paralle!l to a surface of a pole of the
50
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18. A seal according to claim 17 wherein the vertical portion of the top

pole piece comprises a contoured surface facing the shield portion of the

10 magnetic shield arm to introduce a magnetic flux gradient between the top
pole piece and the shield portion that axially concentrates the ferrofiuid
between a center of the contoured surface of the vertical portion and the

shield portion of the magnetic shield arm.

15 19. A seal according to claim 11 wherein the support arm comprises a

non-magnetic material.

20. In a motor comprising a magnetically permeable shaft having a hub
supported for rotation around the shaft by at least a pair of ball bearings,
20 each ball bearing comprising an inner race supported on the shaft and an
outer race supporting the hub for rotation around the shaft; and
a magnetic seal comprising top and bottom pole pieces
sandwiching a magnet attached to an inner surface of the hub for holding
a ferrofluid between the magnet and the bearing race or shaft, and further
25 comprising means for spreading flux generated by said magnet over a
larger region of at least one of the pole prices to enhance stability of the
seal and reduce fluid migration and splashing.
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