FERRCFLUI fililils FOR ACTUATOR BEARI NG  Technical Fiel d Y275

i nventd on relates in general to hard disk drives and in parbcuyl _a ﬁy
seal for the actuator bearing of a hard disk drive. Bacmth '
Hard disk drives utilize a pivotable actuator with mgnetim td re

I nformation fromand tg wite information to magnetic di sks” Ho

Figure 1, the actuator 11 is typicall¥-nmunted to a motor-driven pivot
shaft 13 which rotates the heads on actuator 11 to precise |ocations on

- the disks (not shown). Shaft 13 is surrounded by a stationary housing 15.
At | east one pivot bearing 17 is nounted between housing 15 and shaft 13
to enhance the stability of shaft 13 as it pivots actuator 11. During
operation, bearing 17 emts oil vapor and aerosol droplets of grease which

_are a potential soUFERROFLEIDISITA DSHORBETURNORIBEARINGE. Reducing this
type of contam nation is inportant to inprove the reliability of disk

drives. Prior art disk drives have used several different types of
. seal s to s@ethniogl Bielduat or pivot bearings in disk drives. One type of
bearing seal, known as a ferrofluid seal, is practically inperneable to

em ssions from RearihDaRioANates if Biderdt t¥Bhid dilONvdsant e paikular to a seal for

the actuator bearing of a hard disk drive.

_ Background Art

Hard disk drives utilize a pivotable actuator with magnetic heads to read
information from and to write information to magnetic disks. As shown in Figure 1, the
actuator 11 is typ_ically mounted to a motor-driven pivot shaft 13 which rotates the heads
on actuator 11 to precise locations on the disks (not shown). Shaft 13 is surrounded by a
stationary housing 15. At least one pivot bearing 17 is mounted between housing 15 and
shaft 13 to enhance the stability of shaft 13 as it pivots actuator 11. During operation,
bearing 17 emits oil vapor and aerosol droplets of grease which are a potential source of
contamination in the disk drive. Reducing this type of contamination is important to
improve the reliability of disk drives.

Prior art ;1isk drives have used several different types of seals to seal the actuator
pivot bearings in disk drives. One type of bearing seai, known as a ferrofluid seal, is
practically impermeable to emissions from bearings and is fairly well icnown in the art.
Ferrofluids contain very small magnetic particles which are suspended in a carrier fluid.
Ferrofluid seal 21 (Figures 1 and 2) utiliies shaft 13 which is formed from a magnetic
material, such as 400 series maﬁensiﬁc stainless steel, and a magnet 23 mounted to

housing 15. Magnet 23 is spaced apart from shaft 13 by a very small gap 25. Ferrofluid
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Ferrofluids contain very small nmagnetic particles which are suspended in a
carrier fluid. Ferrofluid seal 21 (Figures 1 and 2) utilizes shaft 13
which is formed froma magnetic nmaterial, such as 400 series martensitic
stainless steel, and a magnet 23 nounted to housing 15. Magnet 23 is
spaced apart fromshaft 13 by a very small gap 25. Ferrofluid

-2- seal 21 functions by suspending a nmagnetically attracted fluid 27 in
gap 25 between nmgnet 23 and shaft 13 r%'conplete the magnetic circuit
(see nagnetkﬁ flux lines 29 in Figure_zz. The suspended fluid 27, which is
essent i al | 3 21 fancsionehy suspending amagneticatly airacted flnidi 22 dmpam2 brswieen he

pi voting shaft 13 and housi ng 15. Recently, non-magnetic materials

for di sk dmagest 23zand shaft d3eo completesthe glagnetivogirduitr(sel thigndtis Klusdlinee29@si gner s
-for their ability to match the coefficient of thermal expansion of the

actuator. BipuRsau I Ypended Hufd 27V Ghidi1s l@.&}pHﬁéll .ﬁ’l%tiaﬂl@g?fﬁfs}ﬁx%kﬁ cRfebtigd OF

shafts are inconpatible with convéentiona erroflurd sea ferrofluid -

-bearing Seﬁé‘flifdl(-_%%aél @Eﬁ%&qﬁ%ﬁ%tﬂgﬁ]&f{ﬁ?& netic .el enents i s needed.

Di scl osure nv °6‘!S'|n§i1 "seal for a hard disk drive
actuator bearing has two circular plates which are axially spaced apart
about a nonmagn&€rently; Der-magngtic rateripls fordiskadyes e beqomet inereasinglyar al | el
and in close proximty to one another. The upper plate is nade of
magnet i cal pgpulamstiil iisk erive dedigreensifar sheipabilisydo hmteh theabefiiciny ofiheaunsg Whi ch
surrounds the

expansion of the actuator. Unfortunately, disk drives which utilize nonmagnetic actuator

shafts are incompatible with conventional ferrofluid seals. A ferrofluid bearing seal for

disk drives with nonmagnetic elements is needed.

Disclosure of the Invention

A ferrofluid seal for a hard disk drive actuator bearing has two circular plates
which are axially spaced apart about a nonmagnetic pivot shaft of the actuator. The
plates are parallel and in close proximity to one another. The upper plate is made of
magnetically-conductive steel and is mounted to a stationary sleeve which surrounds the
shaft. The lower plate is mounted to the shaft and has an annular magnet with pole
pieces on an upper surface. A magnetic ferrofluid is located between the magnet and the -
upper plate to complete the magnetic circuit and form a seal. The ferrofluid seal
prevents bearing emissions such as grease oil vapor and aerosol droplets from

contaminating the disk drive.



shaft. The lower plate is nounted to the shaft and has an annul ar magnet
with pole pieces on an upper surface. A magnetic ferrofluid is |ocated
bet ween the magnet and ‘the - upper plate to conplete the nmagnetic circuit
and forma seal. The ferrofluid seal prevents bearing em ssions such as
grease oil vapor and aerosol droplets from contam nating the disk drive.

-3- Brief Description of the Draw ngs Figure 1 is a sectional side
view of a prior art ferrofluid seal for-7an actuator bearing in a hard disk
~drive. gure 2 is_an enl arged sectional side view of half of the
seal of iwﬁﬂleﬂ!gm is a top schematic view of a hard disk
drive constructed in accordance wth the invention. Figure 4 is a

"sectional si deFiguren isfa sectionas side vimyd ofiee ptiondrt ferfofluid$dal fat apemtuatar an
. actuator bearing of the hard disk drive of Figure 3 constructed in

accor danckeatinkin b 8rd disk/&fNd, ON. Figure 5 is an enl arged
hal f - secti onal side vi ew of the seal of Figure 4. Figure 6 is a

secti onal o dephs Al SGAN SRR B PS sglirtigenel of

Figure 3 is a top schematic view of a hard disk drive constructed in accordance
with the invention. -

Figure 4 is a sectional side view of a first embodiment of a ferrofluid seal for an
actuator bearing of the hard disk drive of Figure 3 constructed in accordance with the
invention.

Figure 5 is an enlarged half-sectional side view of the seal of Figure 4.

Figure 6 is a sectional side view of a second embodiment of the ferrofluid seal of

Figure 4 for two actuators.

Best Mode for Carrying Out the'Invention

Referring to Figure 3, a schematic drawing of an information stbrage system
comprising a magnetic hard disk drive 31 is shown. Drive 31 has a base 33 containing a
plurality of stacked, parallel magnetic disks 35 (one shown) which are closely spaced
apart. Disks 35 are rotated by a motor located therebelow about a central drive hub 37.
An actuator 51 is pivotally mounted to base 33 about a pivot assembly 41. A controller

39 is mounted to base 33 for selectively moving actuator 51 as will be described below.



Referring to Figure 3, a schematic drawing of an information storage system
conprising a magnetic hard disk drive 31 is shown. Drive 31 has a base 33
containing a plurality of stacked, parallel nagnetic disks 35 (one shown)
whi ch are closely spaced apart. Disks 35 are rotated by a notor |ocated

t her ebel ow about a central drive hub 37. An actuator 51 is pivotally
nounted to base 33 ‘about a pivot assenblr% 41. A controller 39 is nounted
to base 33 for selectively noving actuaf®r 51 as will be described bel ow.

- 4- Actuator 51 has a noynting support, 45, a_pair of parallel,
cantil evered | ogﬂtuaﬁ’éillrgla%? MOyBHRK SYRPRE 4272 pair of Barlck cantilevsted load support

45, and a head ginbal assenbly 49 having at |east one nagnetic read/wite
head secur bermsprsuspensiospéheitending fromomowretingstuppartt Uy, anedachead gitabal fr om or
-magnetically witing data to disks 35. Suspensions 47 have a spring-like

qual i ty whassemblyadoeitavitly alidabt GHethagdne8vdad/ watedlehd sedupd Fibl aBR E&is@en§i@+@ | ve
to one another. A notor assenbly havi ng a conventional volce coll notor -

-is also - I\ Of: ' . I ha sgnbl i es 29.
Voverent o oAUl rlhin R ROl or o dtBROR1Y FrilBE Hal T aRks 35 5 SPengEng | s
29 radi al I%{ Ecross Irelﬁcgs on the disks 35 until the heads on assenblies 29
settle on fhoaYeH paingrliksguality which biasesor snaintaps them dn paalelelationshipl 5,
actuator 51 is nounted to a nonmagnetic pivot shaft 53. Shaft 53 rotates

t he heads Wiatiietto anean@herafonptonasseribly $5havinga eoirvontibnal abiceroil motok e © -
di sks. Shaft 53 is surrounded by a stationary coaxi al tubular housing or

sl eeve 57. alsdwouhelito pRof A3EEbEY 10pPotiRlaabiRBAMBSIMBIR2Ye Mdveaiid: spaf t 53

to enhance the
actuator 51 (indicated by arrows) moves head gimbal assemblies 29 radially across tracks
on the disks 35 until the heads on assemblies 29 settle on the target tracks.

Referring now to Figures 4 and 5, actuator 51 is mounted to a nonmagnetic pivot
shaft 53. Shaft 53 rotates the heads on actuator 51 about an axis 55 to precise locations
on the disks. Shaft 53 is surrounded by a stationary coaxial tubular housing or sleeve 57.
Two ball bearings 59 are mounted between sleeve 57 and shaft 53 to enhance the
stability of shaft 53 as it pivots actuator 51. Bearings 59 are lubricated with oil or grease
and are prone to emit oil vapor and aerosol droplets of grease during operation.

A ferrofluid seal 61 is used to seal bearings 59 in sleeve 57 and prevent them
from contaminating the disk drive. Seal 61 has an upper plate 63 and a parallel lower
plate 65 which are concentric with and axially spaced apart from one another about shaft
53. Each plate 63, 65 is a flat circular member with a circular central through-hole for

accommodating shaft 53. Upper plate 63 has larger inner and outer diameters than lower

plate 65. Upper plate 63 is formed from a magnetically-conductive steel, such as 400



stability of shaft 53 as it pivots actuator 51. Bearings 59 are |ubricated
with oil or grease and are prone to emt oil vapor and aerosol droplets of
grease during operation. A ferrofluid seal 61 is used to sea
bearings 59 in sleeve 57 and prevent them from contam nating the disk
drive. Seal 61 has an upper plate 63 and a parallel lower plate 65 which
are concentric with and axially spaced apart from one anot her about shaft
53. Each plate 63, 65 is a flat circular-nenber with a circular centra

t hrough-hol e.for  accomm atin% S&Eft 53.. Upper plate 63 has . larger inner
and outer SFTfFERATOSIGSRIRlgIRteel o[l Be gutgtdiapystax of yppgrdlate 63 & Hgidlyanountedn a
magneti cal | y- conducti ve steel, such as 400

-5-  seri eto stegvedi¥s iliower platé 63 ownatagattic aifverigidlyemoutitedhtetshaft 58. Thpoutep! at e
.63 is rigidly nmounted to sleeve 57. Lower plate 65 is nonmagneti c and
rigidly nodinesdertof 16We plate 35 id bgaced ifiward BoaEibsve 37 A awbinniladnfaghSr 7 Sis
spaced inward from sl eeve 57. flat annular magnet 71 is nounted to an

) f r ' | Y€
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72 are attached a S| nner an ers o

spaced apa fr a, |l ower surface of. upper plate by a very small gap
P A mgndgieee #Eithe # G nnet andiiercimBRt ofEnRs T hoMighs s saspdendt 12
and upper plate 63. In operation, ferrofluid 75 is used to conplete
t he magnet if®onf & &versurfaderafippernate(G3rhyi aerp dmbl} gap 73wA) mbgietie derrofhgdds 71,
pol e pieces 72 and upper plate 63 and forma seal. The rings 72 on magnet
71 act as pwloeatpd acgsp T betwe@Opule pidcad B2 amblugsher plate 7€ magnetic flux lines

77 toward upper plate 63. Seal 61 prevents grease oil vapor and

In operation, ferrofluid 75 is used to complete the magnetic field or circuit 77
(indicated by arrows) between magnet 71, pole pieces 72 and upper plate 63 and form a
seal. The rings 72 on magnet 71 act as pole pieces which concentrate and direct the
magnetic flux lines 77 toward upper plate 63. Seal 61 prevents grease oil vapor and
aerosol droplets emitted by bearings 59 from contaminating the rest of the disk drive.
Seal 61 functions by suspending magnetically attracted ferrofluid 75 in gap 73. The
suspended ferrofluid 75, which is essentially frictionless, forms a very effective liquid
seal between the pivoting shaft 53 and sleeve 57.

Referring now to Figure 6, a second embodiment of the invention is shown. Pivof
assembly 141 is provided for supportiﬁg two actuators like actuator 51 in Figure 3. The
actuators are mounted to a nonmagnetic, rotatable pivot shaft 153 which is surrounded by

a pair of stationary sleeves 155, 157. Four ball bearings 159 are mounted between

sleeves 155, 157 and shaft 153.



aerosol droplets emtted by bearings 59 fromcontanmi nating the rest of the
di sk drive. Seal 61 functions by suspending magnetically attracted
ferrofluid 75 in gap 73. The suspended ferrofluid 75, which is essentially
frictionless, forns a very effective liquid seal between the pivoting
shaft 53 and sl eeve 57. Referring now to Figure 6, a second
enbodi nent of the invention is shown. Pivot assenbly 141 is provided for
supporting two actuators |like actuator 5f-in Figure 3. The actuators are
nmounted to a nonpagneti.c, rotatable pivot shaft 153 which is surrounded by
a pair of statiohdeollyidseadd 61 sonsed gyseatbrarings i $9 inctledvag 51967 aBealéint ed
‘between sleeves 155, 157 and shaft 153.
- 6- has A pagrafafdtionary phaibs I63lands passlit] cented platd £65. 1 Plges 169and1 163 seves
- 155, 157. Seal 161 has a pair of stationary plates 163 and a parall el
central plg ; ’ [ ' t o]

Pl gH&ntkabto rhﬁgﬁ%%ag%rlﬁgﬂjglaﬁé 63'afd gg,&%{&}?égﬁ%lﬁ, sﬂldgﬁ'(?}#o;ﬁnﬁhi)f% an i oa

descri bed plates 63 a respectively, nount e

-manner. Ho ne_stationar |ate 163 is rigidly mounted to each sl eeve
155 157, Hemtcal fidfng §°W§Hﬁﬁ¥5$s‘tﬁ’é%’}?@( g‘f{ﬁlq%slg sty E@“P@Sé%ﬁ%%?eearﬁat e
165 and a pair_of magnetically conductive rings 172 are attached at the

i nner and dwPel>di aneters of magnet 171. Magnet 171 is very simlar to
magnet 71 described above. Magnet 171 is spaced apart from each stationary
plate 163 by a vAiflat surmildr nyepnetlA. is Aovagdead centrdl elato163anl 4 g&ir b6 | ocated in
each gap 173 between pol e pieces 172 and stationary plates

magnetically conductive rings 172 are attached at the inner and outer diameters of

magnet 171. Magnet 171 is very similar to magnet 71 described above. Magnet 171 is
spaced apart from each stationary plate 163 by a very small gap 173. A magnetic
ferrofluid 175 is located in each gap 173 between pole pieces 172 and stationary plates
163.

In operation, seal 161 functions very similarly to seal 61. Ferrofluid 175 is used
to complete a magnetic field or circuit 177 (indicated by arrows) between magnet 171,
pole pieces 172 and each stationary plate 163. The rings 172 on magnet 171 act as pole
pieces which concentrate and direct the magnetic flux lines 177 toward plates 163. Seal
161 operates in the same manner as seal 61 by suspending ferrofluids 175 in gaps 173 to
seal the top of sleeve 155 and the bottom of sleeve 157.

The invention has significant advantages. Unlike prior art designs which require
magnetic shafts to complete the magnetic circuit, this seal is compatible with
nonmagnetic pivot shafts. The seal provides nearly infinite diffusion impedance to the

grease oil vapor and aerosol droplets emitted by the actuator pivot bearing, thus



163. In operation, seal 161 functions very simlarly to seal 61
Ferrofluid 175 is used to conplete a magnetic field or circuit 177

(indicated by arrows) between magnet 171; pole pieces 172 and each

stationary plate 163. The rings 172 on magnet 171 act as pole pieces which

concentrate and direct the magnetic flux lines 177 toward plates 163. Seal
161 operates in the same manner as seal 61 by suspending ferrofluids 175 in

gaps 173 to seal the top of sleeve 1557and the bottom of sleeve 157.

" The invention has gni ficant advant age Unlike prior art si gns whi ch
require nRIGHEAMEt gﬁ&fff%n fig@lRgPut f i, Seqafa’gﬁ@fi.naméhq Hlsi tPartwﬁ? SOWMKIN j s

conpati ble with nonmagnetic pivot shafts. The seal provides nearly

i nfinite dihefOZimicron sizedangeard bmited by gheewsye lov vapoa poasswn of thercaswdr fhiidpf et s

- emtted by the actuator pivot bearing, thus

-7-  pr EVeﬂfelrﬂﬁgﬂeﬂeﬁhfftTchéﬁ Fbi iyl kteptypk lb6ls 46 8Jpidally aehei 10E8 fibar fi | €.
Particle counts in the 0.2 mcron size range are limted by the very | ow

- vapor pr esﬁﬂ%?y%oﬁﬁfacﬁ%ﬁ{a E of }lléj nﬁerﬁon 1% tﬁ?at %%ghéég%?erﬁlkéé a%§ex¥@k%g%ef or

pol yol ester pe ol |ca range
advant age of this invent t one et pole assenbly can be
used to fop?ﬁﬁ%dof%m??}?‘? fSFaéW‘P\?og é@fﬂgpb?g g Bt assembiy.
Wiile the invention has bee_n shovvn or described in onIy some of its forns,
it should be apykilehe inventitrobas bslehishesin pndeshebed in onlysomet ofjits floons,$o
limted, but is susceptible to various changes without departing fromthe
scope of tipuldbeappadént té-thos€ialed i the art that it is not so limited, but is susceptible to
various changes without departing from the scope of the invention. For example,
although the magnet in the preferred embodiment rotates with the shaft relative to the

upper plate, the magnet could be mounted to the upper plate which would serve as the

support member. The design is also applicable to disk drive spindle motors.



al though the nmagnet in the preferred enbodi nent rotates with the shaft
relative to the wupper plate, the magnet could be nounted to the upper
pl ate which woul d serve as the support nenber. The design i-s-also-

applicable to disk drive 'spindle notors.
-8- CLAIMS 1. An appar atus, conpri sing: 'J'W“W”m”‘!ﬂgulﬂilshaft
and a housing which are concentric with an axis of the* rfotar

and the housing being rotatable relati ve&to one anot her; a bearing
nmount ed between the shaft and the housing; a support menber nount ed
to one of t4¥M8haft and the housi ng; - a magneti c conductor nounted
to the other of the shaft and the housing so that the magnetic conduct or
~and the suppor tAmepgaeatus compaisiagabl e rel ati ve to each other; and a
- magnet nmounted to the support nenber between the support nenber and the

magneti ¢ conducd @bior havmgashé‘ftﬁﬂd & Bblidih gl whihadre doRhiRaRith E&aﬂng‘ﬁ{e and the
magneti ¢ conductor for sealing the bearing in the housi ng . The

" apparatus glof il ah HOSKERAAE R Lot IAIIREbeCanother “he

apparatus "of Claim erein I's nonrragn’etl C.

a bearing mounted between the shaft and the housing;

a support member mounted to one of the shaft and the housing;

a magnetic conductor mounted to the other of the shaft and the housing so that
the magnetic conductor and the support member are rotatable relative to each other; and

a magnet mounted to the support member between the support member and the
magnetic conductor;

a ferrofluid located between the magnet and the magnetic conductor for sealing

the bearing in the housing.

2. The apparatus of claim 1 wherein the shaft is nonmagnetic.

3. The apparatus of claim 1 wherein the support member is nonmagnetic.

4. The apparatus of claim 1 wherein the support member is a circular plate with a

central hole for accommodating the shaft.



‘4.  The apparatus of claim 1 wherein the support member is a CI rcuI ar
plate with a central hole for accommodating the shaft.

9- 5. The apparatus of claim 1l wherein the nag ml m'l
circular plate with a central hole for accommdatq m mz mml
The apparatus of claim1 wherein the support nmenber ‘and the Faghetdc

conductor are axially spaced apart fromgeach other. 7. The appar at us
of claiml wherein the support menber i S nounted to the shaft and the
magneti ¢ g¢onductor is ) t us, of
o m 1 whier ei 1 AEPBHS o st Tohelgin Ay HapBsipeconducter i 2 EreE BN H s of
claim1 wherein the magnet is a flat annul ar nenber. 10. The appar at us

of cl ai m 7centgglthole for @pgammpdaging the shaft. a second housing on the notor;
- a second bearing nounted between the shaft and the second housi ng, t he
second

6. “The apparatus of claim 1 wherein the support member and the magnetic

conductor are axially spaced apart from each other.

7. The apparatus of claim 1 wherein the support member is mounted to the shaft and

the magnetic conductor is mounted to the housing.
8. The apparatus of claim 1 wherein the housing is a tubular sleeve.
9. The apparatus of claim 1 wherein the magnet is a flat annular member.

10.  The apparatus of claim 7, further comprising:

a second housing on the motor;

a second bearing mounted between the shaft and the second housing, the second
bearing being axially spaced apart from said bearing;

a second magnetic conductor mounted to the second housing so that the second

magnetic conductor and the support member are rotatable relative to one another;



‘bearing being axially spaced apart from said bearing; a second
magneti ¢ conductor nounted to the second housi ng so thaLﬂthe -second

magneti ¢ conductor and the support nenber are rot ata to one
anot her; “\!‘ @nlﬁ “‘\“ﬂ“\

second ferrofluid | ocated between the magnet and nagnetlc
conductor for sealing the second bearlnﬁéln t he second housi ng. A
hard di sk drive, conpri sing: a nagnetlc dISk
rotatably nmounted to the _base actuator havi n magneti ¢ head

f or magneti cal |a>se¢wcﬁeﬂgﬂalaltlacaft¢<bh$twen anet and theapg 1%1 to the
di sk, the actuator being pivotally nounted to the base adj acent to the
"~ di sk for rcehdictoarefonseating the scbardearing in the secandioiusinghavi ng a stati onary
. housing and a rotatable shaft for supporting the actuator, the housing and
t he shaft being concentric with an axis of the notor; a bearing
nount ed between the shaft and the housi ng; a support nenber nounted

- to one of ;the s d,the i.ng; a magnetic conduct or nount ed
to the oth1 A‘ﬁ%}g@ INL ﬁ%ﬁﬁﬁ%ﬁlﬁousi ng so that the magnetic conductor
and the support nenber are rotatable relative to each other; and a

magnet nount ed ¥¥Sehe support nmenber between the support menber and t he

a magnetic disk rotatably mounted to the base;

an actuator having a magnetic head for magnetically reading data from or
magnetically writing data to the disk, the actuator being pivotally mounted to the base
adjacent fo the disk for relative movement thereto;

a motor having a stationary housing and a rotatable shaft for supporting the
actuator, the housing and the shaft being concentric with an axis of the motor;

a bearing mounted between the shaft and the housing;

a support member mounted to one of the shaft and the housing;

a magnetic conductor mounted to the other of the shaft and the housing so that
the magnetic conductor and the support member are rotatable relative to each other; and

a magnet mounted to the support member between the support member and the
magnetic conductor;

a ferrofluid located between the magnet and the magnetic conductor for sealing

the bearing in the housing,

12.  The hard disk drive of claim 11 wherein the shaft is nonmagnetic.



‘magnéti ¢ conductor; a ferrofluid | ocated between..t-he magnet and

t he magnetic conductor for sealing the bearing in the housi \“\12'
The -hard di sk drive of claim 11l wherein the shaft &“&M&@“\
er i's
C L

13. The hard disk drive of claim 1l wherein the

nonmagneti c. 14. The hard disk drive of claimZl wherein the support
menber is a circular plate wth a'cen_rﬂ_al hol e for accommodating the
shaft. 15. The hard disk drive of Claim 11l wherein the magnetic

conductor,4 s cifcul.a | at.e, wi t central hole for acconmpdat.ing the
chart . o Cridkedalk arke 3 Sigih d R opbOl oo X FOTERSRH Crener
and the magnetic conductor are axially spaced apart from each other.

17. The hard disk drive of claim 1l wherein the support nenber is nounted

. to the shaft and the magnetic conductor is nounted to the housing.
14.  The hard disk drive of claim 11 wherein the support member is a circular plate

with a central hole for accommodating the shaft.

15.  The hard disk drive of claim 11 wherein the magnetic conductor is a circular ~-

plate with a central hole for accommodating the shatft.

16.  The hard disk drive of claim 11 wherein the support member and the magnetic

conductor are axially spaced apart from each other.

17. The hard disk drive of claim 11 wherein the support member is mounted to the

shaft and the magnetic conductor is mounted to the housing.
18.  The hard disk drive of claim 11 wherein the housing is a tubular sleeve.

19.  The hard disk drive of claim 11 wherein the magnet is a flat annular member.



'18. ° The hard disk drive of claim 11l wherein the housing is_a._tubular

sl eeve. 19. The hard di sk drive of claim 11l wheréin the ma is a
flat annul ar nenber. 20. The appar at us ‘m\“‘l“ﬂ“m B&"Lher
conpri si ng: a second housing on the notor; Ifd, beari ng
nmount ed between the shaft and the second housi ng, t he* secofd beari ng being
axially spaced apart from said bearing; 4. a second magneti c conductor
nounted to the second housing so that thé second mnagnetic conductor and

t he suppory, menper_are. rotatable relative to. one anot her; a
second fertofl Eﬁ'bequﬂ"gf‘gao%iﬁl%@nﬁfrﬁbr ‘&R@?‘n hd the second magnetic

conductor for sealing the second bearing in the second housing. 21. A
hard di sk drivedscg h¢1§mg9qnthemotor; a base; a magnetic disk
rotatably nmounted to the base; an actuator having a magnetic head

for magneti cal |a/secendibeayinganeuntedbeteeen theghaft and theyseoond haugingathe seconidhe
di sk, the actuator being pivotally rmounted to the base adjacent to the
- disk for rt?elaﬁhg }S@in@a&(ﬁﬂ?@ﬁa&h%% $rom said bearing;

a second magnetic conductor mounted to the second housing so that the second

magnetic conductor and the support member are rotatable relative to one another;

a second ferrofluid located between the magnet and the second magnetic

conductor for sealing the second bearing in the second housing.

21. A hard disk drive, comprising:

a base;

a magnetic disk rotatably mounted to the base;

an actuator having a magnetic head for magnetically reading data.from or
magnetically writin.g data to the disk, the actuator being pivotally mounted to the base
adjacent to the disk for relative movement thereto;

a motor having a stationary tubular sleeve and a nonmagnetic rotatable shaft for
supporting the actuator, the sleeve and the shaft being concentric with an axis of the
motor;

a bearing mounted between the shaft and the sleeve;



‘a motor having a stationary tubular sleeve and a nonmagneti.c._rotat abI e

shaft for supporting the actuator, the sleeve and the be| ng-
concentric with an axis of the notor; a bear ﬁﬂ'
the shaft and the sl eeve;

- 13- a circular nonmagnetic plate nmounted to one of the shiaf t* and
the sl eeve and having a central hole fQr accommobdati ng the shaft;

a circular magnetic plate nmounted to t 'ot her of the shaft and the sleeve
so that the magnetic Iate andthe non eti e rotatabj e

ol 8t fve o cat ARGHIRGRORTEREDe TN RIgURPEEN B G eihb gl 2t e SCTRAT £ or
accommodati ng the shaft, and a flat annul ar magnet nounted to the
nonmagnet havipg acenttad holedor a¢vommusdating thetsheftpl at e and t he nagnetic pl ate;

a ferrofluid | ocated between the nmagnet and the nagnetic plate for sealing

the bearing i acirbglasinagiic plate Zountedkoehd\ether 6ff th siihifi arl thé slebvd 6 it
wherein the nonnegnetic plate and the magnetic plate are axially spaced
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mounted to the. sI eeve. .
magnetic plate\ilavmg a central hole for accommodating the shaft; and

a flat annular magnet mounted to the nonmagnetic plate between the
nonmagnetic plate and the magnetic plate;
a ferrofluid located between the magnet and the magnetic plate for sealing the

bearing in the sleeve.

22.  The hard disk drive of claim 20 wherein the nonmagnetic plate and the magnetic

plate are axially spaced apart from each other.

23.  The hard disk drive of claim 20 wherein the nonmagnetic plate is mounted to the

shaft and the magnetic plate is mounted to the sleeve.

24.  The apparatus of claim 23, further comprising:
a stationary tubular second sleeve on the motor;
a second bearing mounted between the shaft and the second sleeve, the second

bearing being axially spaced apart from said bearing;



'24. ~ The apparatus of claim23, further conprising: ___________a_...st-ationary'
t ubul ar second sl eeve on the notor; a second- bearin ted
bet ween the shaft and the second sl eeve, the seci ﬁ ng axially

spaced apart from sai d bearing; m}\\\m‘“\“ \!

-14- a second magnetic plate nounted to\ seciond sl eeve so that
the second magnetic plate and the nonnmpgnet ic plate are rotatable relative

to one another; and a second ferrofluid | ocated between the magnet

eover and wadr P magterd ey Riounkadh i hebafs AR ARt BBodd ) 27 5200

the second nagnetic plate are axially spaced apart from one anot her.

25. A nenagpatic platesang the gopmagnetic plateaigrotatable relatis ta oapanatherhgd @ndousi ng
which are rotatable relative to each other, conprising: (a) nounting a
support nenber dszcombfearofinghletated between thet tegreh afd tharsdcdndemdgmetic phate forb)
nmounti ng a magneti c conductor to the other of the shaft and the housing

" such that ey e BEYnk BERHREM tBESedoh§ sIRBE @hd Wherisluctor are rotatabl e
relative to each other with the nmagnet therebetween; and (c) pl aci ng a

Ferrofiuid betvgen,tingethe Mie, ' mbaBReTRINE bhE nf T Bharefic pRRL afe®

axially spaced apart from one another.

25. A method for sealing a bearing mounted between a shaft and a housing which are
rotatable relative to each other, comprising;

(2)  mounting a support member having a magnet to one of the shaft and the housing;

(b)  mounting a magnetic conductor to the other of the shaft and the housing such that
the support member and the magnetic conductor are rotatable relative to each other with

the magnet therebetween; and

(¢)  placing a ferrofluid between the magnet and the magnetic conductor to seal the

bearing in the housing.

26.  The method of claim 25 wherein steps (a) and (b) comprise mounting the support

member to the shaft and the magnetic conductor to the housing.

27.  The method of claim 26, further comprising the steps of.



‘bearing in the housing. 26. The met hod of cl-aim 25 wherein steps (a)

and (b) conprise nmounting the support nenber to and the. magnetic
conductor to the housing. 27.  The net hod of“mmmﬁm”m””"r
conprising the steps of: R A

- 15- nounting a second magnetic cohductor to a second housi ng which
is axially spaced apart fromsaid hou%ng, such that the support nenber
and the second magnetic conductor are'rotatable relative to each other
wi th the magnet -t her ebet we a second ferrqfluid
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~ bearing in the second housing.
spaced apart from said housing, such that the support member and the second magnetic

conductor are rotatable relative to each other with the magnet therebetween; and
placing a second ferrofluid between the magnet and the second magnetic

conductor to seal a second bearing in the second housing.



