" NOe3e74, (T6TT%! 2 3 J UL 2002 *166166* FERROFLU D SEAL FOR ACTUATOR
""BEARI NG Technical Field This invention relates in general to d k

drives and i r to a seal for the actuator bearing 01@3 hﬂﬁjg‘ ZQQZ
drive Backg‘ﬂ% 'W@Mﬂjmﬂﬂrd di sk drives utilize a pivotable actuator with
magnetic he information fromand to wite information to
magneti ¢ di sks."9®¥>shown in Figure 1, ;the act uator}mf’mwm,mﬂm |y nounted
to a nmotor-driven pivot shaft 13 which rotates the wfuator 11 to
precise locations on the disks (not shown). Shaft 13 isesw rounded by a
stationary housing 15. At |east one pivot bearing 17 is nounted between
housi ng 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 source of contam nation in the
di sk drive. Reduci iERROFLYPESEALCBORMMTTAIADOR BEARINGt ant to i nprove the
reliability of disk drives. Prior art disk drives have used several
different types of seals to seal the actuator pivot bearings in disk
drives. OIf_CE;L}SeLB@beaH ng seal, known as a ferrofluid seal, is
practically inperneable to em ssions frombearings and is fairly well known
in the art. FerThf Inventsorceites in gerderyl oriakd diskdnetd amdpamhitcués tohisedl far e
suspended in a carrier fluid. Ferrofluid seal 21 (Figures 1 and 2) utilizes
shaft 13 \mégauétgrg@drrmgq)ftarhgm asagpetic material, such as 400 series
martensitic stainless Steel, and a magnet 23 mounted to housi ng 15. Magnet
23 is spaced apart fromshaft 13 by a very small gap 25. Ferrofluid 2 31J
UL 2002 -2 seal 21 functions by suspending a nagnetically attracted fluid
27 in gap 25 between magnet 23 and shaft 13 to conplete the nagnetic
circuit (dEaskgropnstArt flux lines 29 in Figure 2). The suspended fluid 27,
which is essentially frictionless, forns an effective liquid seal between

the pivoting shadid disk dhds halisd NgivbbableRenensd with rrgnetbgitats o raterial s for
di sk drives have becone increasingly popular with disk drive designers for

their abi liffofmbRoMRbharddg viReidbah &l t@fmatéﬂ%flgﬁlsk§xﬁ§§l§dv@{‘mqfl iR the

actuator. Unfortunately di sk drives which utilize nonnmagnetic act tator

haf t tibl t f fluid
bear | ng- s st Ordr P et iR bk REaHer TNl sh&étd&fwﬁwﬁa%tg&gﬁ Gat!
Di scl osure of the | nvention There is disclosed her e| n hod for _ sealing
a bear i ng Woastiaer bletosegisedlogations ogile diskdmer HipWanli hafarlél% %{raﬁtuas%by a

relative to each other, conprising:
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 c-iisk drives have used several different types of seals to seal the actuator
pivot bearings in disk drives. One type of bearing seal, known as a ferrofluid seal, is
practically impermeable to emissions from bearings and is fairly well known in the art.
Ferrofluids contain very small magnetic particles which are suspended in a carrier fluid.
Ferrofluid seal 21 (Figures 1 and 2) utilizes shaft 13 which is formed from a magnetic
material, such as 400 series martensitic 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



‘nmounting a support menber having a magnet to the shaft; nounti a | mg InC
"conductor to the housing such that the support nenber and the Zg%rém&ﬁm

conductor are axially spaced apart from each other and rotatable relative
to each other with the magnet therebetwegen; placing a ferrofluid between

t he magnet and the magnetic conductor to seal the bearing in the housing;
nmounti ng a second nagnetic conductor to a second housing which is axially

maanet | o csndtcpeRie PEPeatal mabrdise bt S BRRCIN T LA e 08 fellet
t her ebet wemagnardd grdaghaftgl Batosennpletefthé haighetidcibmiitvwg e niabgetioagmelingdo e
second magpeti c.copductor to seal econd bearjng.in the second housing.
There is a?%_red%cﬂggéasrﬁe@ﬂ g 3% evlieh th %f_s%lallygsm{hwaf s R dFaciiue

act uat or bpaditi RealREvdeNAnEhivEth@ihaR! 1B LA nolkisg 16re axial ly spaced apart
about a nonmagnetic pivot shaft” of the actuator. The plates are parall el
and in cl ose proReeantly, mgnoragngtiohaerialyfer digsedriytsahave beenmete imfreasingly

magneti cal | y-gan ti. Lo i t i . S| egve whi ch
surroundo. PIRTENGHEdil R E QesiBifh o6 MRS Bathitht Hidibich) 3 st
annul ar nmagxpahsioh tolfl tirodctugpore ddsfoetnnatelyidisle drisesr Whick utiBzemgnaignetié actuadol ui d
is |located between the net. and. t he er ate t onpl et e the gnetic
i rourt andhas A ool bR gt BRI Sl n s BRI BratE SO e
such as gr grRariobd withRenmagthtialdsdks idneqdeal s from contam nating the disk

drive. 2 3J UL 2002 -3 Brief Description of the Drawings Figure 1 is a
sectional side view of a prior art ferrofluid seal for an actuator bearing

in a hard ghiskosdké ¥EthemIbhGore | S an enlarged sectional side view of half
of the sealr of Figure I. Figure 3 is a top schematic view of a hard di sk

T gur :

‘drive construct ea%iﬂﬁ! indiselosriHaseiniampethorbior peading iadrariy maveted betsvegn gsbaftonal
side view i I i . r ' for. an actuat or

beari ng of 8%%%%%%‘@ glﬁs@%gé @%Ltgg frillgté‘ﬂeﬁé egmc%ﬂr}%f‘r?uc ré%[?é'n accordance with
the invention. Foguntngaissppnt reeiberdastingal thagettoi tbeshafisi de vi ew of t he seal

of Figure 4. Figure is a sectional, sj i ew of ond _enhodi nent of
the ferrofluid s&"4pe &inb"(ﬁlgtlcﬁc‘?@}mf’f/\kd@%pﬂ‘éw ssqcﬁéiagﬁhwgo &re eﬁ‘“?ﬁng
CQut the | nyenhhgietidaloadiidtogart axfallg ypsced apat Soheeahi tharaadiro@tadie Rutive to

information storage, system copprising a magnetic hard disk drive 31 is
shown. Dri \?%&B%L?féltléﬁlﬁ%g@éggﬁhﬁw fng a plurality of stacked, parallel

magnet i c di sks 3pldcafpea KRNI Bhinebn leSmEis 6hy tHENAsatiaRBAductE BkealBear e

rotated by a notor |ocated therebel ow about a central drive hub 37. An
act uat or 5Pbearéngyinmthe heysingipunt ed t o base 33 about a pivot assembly 41. A

controller 39 is nﬁm&ﬂ%g/da §RoR@SHRaghdiid @onRRIFGD! &/ & bndNoLRHg AGHHR GO ax Ry aS

wi || be described bel
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.

There is also disclosed herein 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.



23 J UL 2002 -4 Actuator 51 has a nounting support 45, a pai

paral l'el, cantilevered | oad beans or suspensions 47 extending ﬁbnﬂHﬁyﬂﬂﬂﬂg
support -45, and a head ginbal assenbly 49 having at | east one magnetic
read/ wite head secured to each suspension 47 for magnetically reading data
fromor magnetically witing data to disks 35. Suspensions 47 have a
spring-like quality which biases or maintains themin parallel relationship
relative to one another. A notor asse y 43 having a conventional voice
coil notor is also nounted to pivot asSénbl'y 41 opposite head gi nbal
assenbl i es 29, Nbvenent of actuator 51 (indicated by arrows) noves head

gi mbal asJekiel Deserip Drawmgsss tracks on the disks 35 until the heads
on assenblies 29 settle on the target tracks. Referring nowto Figures 4
and 5, act uat drig@t liis aseativnedsidovigwnafrmprigrerri feroflusk seghfaf an 5&uatshaft 53
rotates the heads on actuator 51 about an axis 55 to precise |ocations on
the di skspeai@idd a Raddidssksdiiveounded by a stationary coaxial tubular housing
or sleeve 57. Two ball bearings 59 are nounted between sl eeve 57 and shaft
53 to enhance t-abj | f f 1. Bearings
59 are lubri calflg‘grea ﬁh ehl%ay%:ﬁ Seapo&hse“?t% ?eg\f !éfthdr?fgﬂh? Sg‘ﬁ %IE} ?vapor and
aerosol droplets of grease durlng operation, ferrofIU|d seal 61 is used
to seal beari nj8usd if A tep ghgmate Vigywoin B%rérﬁlslq Have qonsRrhinASLordenssy t he
di sk drive. Seal 61 has an upper plate 63 and a parallel |ower plate 65
whi ch ar ewttbhtleantentionwi t h and axi ally spaced apart from one anot her about
shaft 53. Each plate 63, 65 is a flat circular nenber with a circular

central througkghel4es hQectamaPiaDdRW i SRREMbOSmHPOLA fdtctued &A1 fR%n! ar ger
i nner and outer dianeters than | ower plate 65. Upper plate 63 is forned

froma

series w@%ér%ﬁhxgﬁgﬁg:ﬁg}sds&g ?eeLfTFhlgH q@sﬁggted ngCC% a&g% “%8 at e 63 i's
rigidly mounted to sleeve 57. Lower plate 65 is nonnagnetlc and rigidly
nount ed t'YVEHPt 53. The outer diameter of lower plate 65 is spaced i nward
fromsleeve 57. A flat annular magnet 71 is nounted to an upper surface of

| ower pl at e 65Figuredais an ehlangegried f-eatibyal ssleduew o thersealgd Figuradte at t ached at
the inner and outer dianmeters of magnet 71. Magnet 71 is spaced apart from

? | owfelr S gr f acBigofe dligRgectidnal déIidwofa sebid sibbdingapofithe fArofhga etdl of
errofluid 75

Figure 4 for two actuators.

Best Mode for Carrying Qut the Invention

Referring to Figure 3, a schematic drawing of an information storage 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.



is l.ocated in gap 73 between pole pieces 72 and upper plate 63 n
operation, ferrofluid 75 is used to conplete the magnetic fiel 2 é)rJUlL(‘ZBGZ
77 (indi-cated by arrows) between magnet 71, pole pieces 72 and upper plate
63 and forma seal. The rings 72 on nmagnet 71 act as pol e pieces which
concentrate and direct the magnetic flux lines 77 toward upper plate 63.
Seal 61 prevents grease oil vapor and aerosol droplets emtted by bearings
59 from contam nating the rest of the d%sk drive. Seal 61 functions by
suspendi ng nagnetically attracted ferrofluid 75 in gap 73. The suspended
ferrofluid 75, whi hfﬁzlessentLall fri@%ionle s,g@@fns q very effective
liquid seal be NP ARRYNGGE § apay of parliel santilgyared load g now t o
Figure 6, a second enbodi mrent of the invention is shown. Pivot assenbly 141
i s provi dédamhger sispgnsions Ag exigndiag figa moyntingsipport 44t and dheadrgimbagjur e 3. The
actuators are nounted to a nonmagnetic, rotatable pivot shaft 153 which is

sur r oundegdsseinbly #Rhdvied atdbat bﬁH‘@xﬁFﬁeﬁicQ@é&%iﬂ&&ad%%refﬁWacB%d chfah 4mgs 159
are mount ed between sl eeves 155, 57 and shaft 153. o, 2 J UL 2002

-6 Aferr E&J M!&ﬁleﬁgﬁly r?e%si{l%?at'd%ﬁ)% oning X Stic?gg(vgin'gﬁ éigltrﬁo idﬁk%:)?.egg e%?lgh 157,

Seal 161 has a palr -o ronary p par a centra ﬁiate
165. Pl at 163 and 165 are identical to previously descrjbed plates 63 and
65, respegﬁih@m?prgrﬁamaer@ WIS aResr et RCaPmy A RIS IRIARSURED one
stationary plate 163 is rigidly nounted to each sleeve 155, |157. A flat
annul ar negjagye tbheiagothor M ethtorassantly 4B haviaga cb8Berdivdalavope doilafiotor is
magneti cal ly conductive rings 172 are attached at the inner and outer

di amet er s aftb mBGR&E toblvot abReMS 4 Ldgpdsiie Y/ gifibal AREmbRes I NMbvehled@$Cr i bed
above. Magnet 171 is spaced apart fromeach stationary plate 163 by a very

Sl |- 930 adildior 81 TRARGHGELLR] hitVeh te] difiphaSanslics oS PARels T e e

pol e pi ece ati n operati on, uncti ons

very simlar to al .61. Ferrofluid 175 is used to conplete a magnetic
field or <9Prt€i‘,%iht5ksl%e7ur(qlﬁ}éﬁ 1&%5@811 BVCE‘?’PW\% sgitle Qr tﬁ%h&?"kﬁ?l, pol e pi eces
172 and each stationary plate 163. The rings 172 on nmagnet |71 act as pole
pi eces whi ch cdisdemning apw takiudisrdeand 1, laetuatog 3diis mopntgd to § nevmagrptic pwentd

pl ates 163. Seal 161 operates in the sanme nmanner as seal 61 by suspendi ng

ferrof | ui dkafl35. BhafpspsotdtéStheteads 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. Beari_ngs 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



"seal the top of sleeve |55 and the bottom of sleeve 157. The igvention has
" significant advantages. Unlike prior art designs which requi reﬂrigdigﬂl_cmﬂz
shafts to conplete the nagnetic circuit, this seal is conpatible with
nonmagneti c pivot shafts. The seal provides nearly infinite diffusion

i npedance to the grease oil vapor and aerosol droplets emtted by the
actuator pivot bearing, thus 2 3J UL 2002 preventing themfrom

m grating out of the bearing and into the file. Particle counts in the 0.2
mcron size range are linited by the very | ow vapor pressure of the carrier
fluid of the magnetic particles which, for polyol ester type oils, is

typi cal | y deries mart¢ndti@staindgss steply el hemertbametay efuppge plote Q%isslgxdiymunm is

t hat one magnet pol e piece assenbly can be used to formtwo ferrofluid

seal s for 13 slaa0e ¢t Laver plpicwistis ashma@ieyic abirigtdly Auntedaokhashashdeger shown
or described in only sone of its forns, it should be apparent to those

ki 11 ed i bl AOF IR b1atE 68 5 PbedSuhltdhbAdicadts7! A (RHIARRA! Auendi9yte

vari ous changes w thou eparting fromthe scope of t I nventi

exanpl e, although the magnet in.the preferred.enbodi nent. rotates wi.th the
shaft rel dPPyRie 5’i“h\épﬁ?ﬁg‘ér?acﬁlogll%",vertﬁ%ter@ggrﬁ\bPa'EB 88T cf%’ﬁ?ﬂ@b‘c?@ P& upper
plate which would serve as the support nenber. The design is also

appl i cabl €72 areaditsthedrat the ispéredd @utasidmnasters of magngt 1. IM2g@®2 7% iGiparersapatt,. A
hard di sk drive, conprising: a base; a magnetic disk rotatably nmounted to

the base; gémacbuet Qfrfdea\of ifpea plrgbsbya %?&dﬂélbgamnﬂﬁﬁ@ahﬂio’fﬁﬁmw% dat a
fromor magnetically witing data to the disk, the actuator being pivotally

nount ed tOistl&?atéaaiﬁ%ag%%%Rﬂ%aén?%etgﬂ@cééiﬁkanfd(?fg{)gﬁlgttei%.e novenment thereto; a

not or having a stationary and a rot e shaft for supporting the

motor: & beari n MstHiBa BRI EreeC et ARG et TSRt
menber nounted to the shaft; _
(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. Pivot
assembly 141 is provided for supporting 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.



‘a magnetic conductor axially spaced apart fromthe support me a
" mount.ed to the housing so that the magnetic conductor and thenzapsnjl. 2002

menber are rotatable relative to each other; a magnet nounted to the
support nenber between the support nenber and the magnetic conductor; a
ferrofluid | ocated between the magnet and the magnetic conductor for
sealing the bearing in the housing; a second housing on the notor; a second
beari ng nounted between the shaft and the second housi ng, the second
bearing being axially spaced apart fromfsaid bearing; a second magnetic
conductor nmounted to the second housing so that the second nmagnetic

conduct or and tAérsaippdeaal hehiserseditceseabbeariaps 59 vl dedvee 115 16ReSealdidther ; and
a second ferrofluid | ocated between the magnet and the second magnetic

conduct or Ha9h paRalfisagiohdt§ pReOrsd dadarjandlel berthe pses 0651 FlawsileYand 165 arget hod
for sealing a bearing nmounted between a shaft and a housing which are

rotatabl e i&&ltﬁ:%i t;ég)r{: ogﬁﬁﬁ?sﬁlgﬁ({) %lﬁ@?'g?rahﬁ i65',gfes 'giO%lg,ﬁ%&aa[ré HBBR{e%i ri]fggﬂg er

havi ng a nagne e sha Ing a nmagnet| ctor 1o usi ng
such that.the.ngport nber and the ma net%&.congﬁctor are axially spaced
apart frorff@icAl Gamesr Howeven qeeppieonany Bete o318 rigily mouater t9radh fl95¥e nagnet
t her ebet ween; 2 3J UL 2f102 9 placing a ferrofluid between the nmagnet

and t he ndgnetit conductor to seal the bearing in the housing, nounting a
second magneti c conductor to a second housing which is axially spaced apart

from sai d housiA@lat snitllartnhainet 1A i§ wiated toesied prael 16hendepaindf magnetic
conductor are rotatable relative to each other with the magnet

t her ebet ' ' - f [ : t dth
second magiareRA AR AE TR the FRER Mt PR b BB o1 s ng.

SA(LAF.A LA LA . . AhR _AY{ly. A{ E1?Q( 3>i r! Q4r . .
( magnet 17Af Magnet 17ﬁs \yery glmlla(rjio mlagnetl%l 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
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magnetically writing 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 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 the shaft;

a magnetic conductor axially spaced apart from the support member and
mounted to the housing so that the magnetic conductor and the support member are
rotatable relative to each other;

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;

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; and

a second ferrofluid located between the magnet and the second magnetic

conductor for sealing the second bearing in the second housing.

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

mounting a support member having a magnet to the shaft;

mounting a magnetic conductor to the housing such that the support member and
the magnetic conductor are axially spaced apart from each other and rotatable relative to

each other with the magnet therebetween;
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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.



