. 2«6 | MAY 2005 -1 ELECTRI C SPI NDLE MOTOR W TH MAGNETI C BEARI NG AND
HYDRCDYNAM C BEARI NG FI ELD OF THE | NVENTI ON 5 The present i nvengi mn kel apes
Lo an electric spindle motor, in particular it relates to an electric =

“ spindle nmotor with an integrated magnetic bearing and .hydrodynam c bearing
for use in data storage devices such ag hard disk drives, optical drives
or other precision instrunents. 10 BACKGROUND OF THE | NVENTION El ectric
spindle notors are widely used in precision instrunents such as hard disk
drives, optical GLEGCERIGEFINDLE-METORWIAH MAGNETIOBEARINGSsi ni | ar

devices is to neet high sp ey Dl I.S1.0 I coustic noise and | ow
power consunption requi réﬁ@ﬂtQ@b%[ﬁg@é@&pBE@ﬁMS Conventi onal ball
bearing spindle notors have been attenpted for use in the above
applications. Due to the drawbacks such as hi gher non-repeatabl e runout as
wel | as KIGkRrORJEIRINVENTIGN caused by inperfect geonetry on the inner

race, outer race and the rolling 20 el enents, conventional ball bearing
spi'ndl e notors are unlikely suitable for the next generation of precision

instrunents sqpe piesbAf thvdintibn delat@s to Anubkcirid SpinBRARIONSIS i Pertidiaditr ect
surface contact during operation hence may be an alternative solution in :

r epl acems@lgtast tq an wlgatripapindigsmptar wie am integmted sragnetie hearbgeand t he

5 OB e o PR SR LA 48 4 s ™
per f or mapptcalfdrivies orfdthkrdhreeiomigstrimentgant | eakage will al so contam nate
the surfaces of the disks leading to failures of the hard disk drive. US

Pﬁjtoent 5,283,491 to Jabbar et al and US Patent 5,760,509 to Chung et
o BACKGROUND OF THE INVENTION

Electric spindle motors are widely used in precision instruments such as

hard disk drives, optical drives, magnetic-optical drives, printers or similar devices

15 to meet high speed, high precision, low acoustic noise and low power
consumption requirements of these applications. Conventional ball bearing

spindie motors have been attempted for use in the above applications. Due to the
drawbacks such as higher non-repeatable runout as well as higher acoustic noise

caused by imperfect geometry on the inner race, outer race and the rolling

20 elements, conventional ball bearing spindle motors are unlikely suitable for the

next generation of precision instruments such as hard disk drives. Fluid film

\\.,,/

bearings have no direct surface contact during operation hence may be an
alternative solution in replacement of the ball bearings for use in hard disk drives.
One of the major difficulties for the application of fluid film bearing in hard disk

25 drives is the liquid lubricant leakage which may degrades the performance of the
fluid bearing. Lubricant leakage will also contaminate the surfaces of the disks
leading to failures of the hard disk drive. |

US Patent 5,283,491 to Jabbar et al and US Patent 5,760,509 to Chung et
30 al disclose spindles with aerodynamic bearings which may have no risk of
lubricant leakage. However, aerodynamic bearings have relatively lower load

capacity and lower stiffness compared with the hydrodynamic bearings at similar




- 30 al disclose spindles with aerodynam ¢ bearings which may ha eﬁr}gﬂx{i@@ of
| ubri cant | eakage. However, aerodynam c bearings have rel ativel\zy l'ower | oad
~capacity and |lower stiffness conpared with the hydrodynan c bearings at
simlar 2 6 MY( 2005 -2 range of geonetric configuration. Furthernore, the
rotor part and the stator part are electrically insulated hence there is
no.path for electrical discharge duri n'g"c' operation of the spindle. This may

result in possible damage of relevant part of the spindle such as the
magnet o- r'@8geqf \geomatic peatiouation afuutiermore ehefrotareparhrod heistatod partes .

Aer odynamg i : e Lvie higher .wear ratio, especiall

during th%ggs%]g?{”icﬁ z'and‘ﬁ "%te Qaﬁﬁ% Bﬁ#’#o‘g 'E# %taﬁE f%%p(g&?rg:%g%a?qu%&m& .
over cone dpfesatidrowt thee spindfe. dTaisbeelysreblt i pBEsibIzY 88inagBof raiduht bart drear i ng
system t ' an integration of hydrodynam c journal bearings and

t
magnet i c "F% ﬁaléft%?%éla\?'? Ay dhe magnsio-meistive (MR) hraskand capee failare ohthetiard

present dj LONA A3 AN K LGkl : ri t

Ut aces §5% AMGTASIINRLARE bhafige BEL IR TBRIFE RGN, o8P, SRR ¢ ast
starti ng duimgsthe sparting andtstopsidy pedod oftlaaspiatieonotord cost-ef fective. 1s
SUMVARY OF THE INVENTION It is a first aspect of the present invention that
an electric spindle notor disclosed has an inproved radial |oad capacity

and a reduced 1d ogbicefd 8% $hB0E Smedfiod irkibAiSCrORoPiRERRL, ARoRGesent

invention that an integrated structure i's disclosed for an e

spi ndl e rgagingusysigma thatlisdgnantegration rwdl hydeadyramict puetdlebeavinds and
maghet i ¢ I.n I ccordance wi,th the first and second aspects above,
1he el ect’%@{é&ﬁmﬂlﬁq %ﬁ%r"?ﬁﬁ_ &t PEPVided by g@%ﬁf?ﬁ%é‘ﬁﬂ"@ﬁt'%np e dyegent

st at i onanyveritiona ssigiiLys NRY AtBND RSV tﬁefbéét‘ingfurﬂﬁﬂfnb' 3QrgESLSKmRuNt ed

on the base; a rot_arﬁ/ sub-assenbly having a rotating axr's and a second
support i Mdmmlgﬁ st Beafing dhareldrads phwer saving; fast starting and stopping

with reduced contamination and cost-effective.

15 SUMMARY OF THE INVENTION

It is a first aspect of the present invention that an electric spindle motor
disclosed has an improved radial load capacity and a reduced friction resistance.

20 It is a second aspect of the present invention that an integrated structure is
B disclosed for an electric spindle motor using a hydrodynamic journal bearing
together with a magnetic bearing.

In accordance with the first and second aspects above, the electric spindle

25 motor of the present invention comprises a stationary sub-assembly having a
base and a first supporting means mounted on the base: a rotary sub-assembly

having a rotating axis and a second supporting means for movably receiving the

first supporting means; a hydrodynamic journal bearing interposed between the

first and the second supporting means; and a magnetic bearing set positioned

30 between the stationary sub-assembly and the rotary sub-assembly. The magnetic
bearing set has at least one pair of electromagnets and at least one pair of thrust

plates interactively associated with the at least one pair of electromagnets for




. firrst supporting nmeans; a hydrodynam c journal bearing interposed between
the first and the second supporting neans; and a nagnetic beari rﬁggsglg, -
positioned 30 between the stationary sub-assenbly and the rotary MAY 2005
" sub-assenbly. The nmagnetic bearing set has at | east one pair of

el ectromagnets and at | east one pair of_ thrust plates interactively
associated with the at | east one pair ot el ectromagnets for 2 6 MAY 2005 -3
controll ably suspending the rotary sub-assenbly fromthe stationary sub-
assenbl y.Cmﬂwféb&ol%u,Spehdingydhedetam csybeassemhblpe fmoinm gthfeurdtationarpnpubses a
first s gseﬁ%ﬁwﬁn, a second section and a gap therebetween for containing a
| ubri cant” ér abl y, the electric spindle notor further conprises a
sealing neans for insulating the hydrodynam c journal bearing and

di scharging static electric charges fromthe rotary sub-assenbly.
Preferably, th@reieredlyithes bydwidynaniorjotmal Hearingnurthers camprisesta dirst pai r

ChrBSt pl en. RRSFRRy SEPBYT b e e Rers ity Re Sitiainia Lt sBary
sub-assenbly resting on the stationary sub-assenbly. 15 Alternatively, the

pair of electromagnets are offset fromthe pair of thrust plates along an
axi al directi darebgrablye the elecirigsrindle reetor fiertherteanyprises asealing means for

Chrust - JEopund e Hardivr B, J R EER oG, ARg ol B HelE Bt
rotary suthage®frohytheAlotarysabiasgeynbly.he first supporting neans conprises a

shaft and the second supporting neans conprises a sleeve. 25
AlVernatively, the first supporting nmeans conprises a sleeve and the

second suppor tﬁﬂé@er%gi)%hé? QRS Eﬁin@lesll?ﬁgér fultREr ELAPHELS af MM ohe BHiPbf
havi ng i ntegrated hydrodynam c Journal "bearing
permanent magnets respectively mounted on the at least on pair of thrust plates
whereby providing a pre-load for keeping the rotary sub-assembly resting on the
stationary sub-assembly.
15
Alternatively, the pair of electromagnets are offset from the pair of thrust

plates along an axial direction of the rotating axis of the rotary sub-assembly.

Alternatively, the pair of electromagnets being offset from the pair of thrust
20 plates along an redial direction of the rotating axis of the rotary sub-assembly.

Alternatively, the first supporting means comprises a shaft and the second
supporting means comprises a sleeve.

25 Alternatively, the first supporting means comprises a slesve and the
second supporting means comprises a shaft,

The electric spindle motor having integrated hydrodynamic journal bearing
and magnetic bearing of the present invention is capable of high speed and high
30 accuracy running, providing increased radial load and stiffness, and reduces the

friction resistance therefore improves the performance and power saving.




. and magnetic bearing of the present invention is capable of high qﬁggxpn% -
hi gh 30 accuracy running, providing increased radial |oad and stiff é%‘ <005
.and reduces the friction resistance therefore inproves the performance and

~ power saving. 2 6 MAV 200 1) -4 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1

Is a cross sectional view of an electric spindle notor according to a

first enbodi mnent of the present i nventtton; 5 Figure 2 is a cross sectional

view of an electric spindle notor according to a second enbodi nent of the

present iBRIER DESCRIPJION OF FHE DRAWINGS:ti onal view of an electric

spindl e notor according to a third enbodi nent of the present invention;

Figure 4 is a cross sectional view of an electric spindle notor according

to 0 a forth mghe ?tcr&i.s Eé'ato?{aﬁ?l%w of AN %dtl‘?@ ﬁHf&'Fr%tér ?@qﬁ?ﬁb%s

sectional view of an el ectric spindle notor accor ng to
enbodi nera first ermbedjmenstafithe present inventibgure 6A and 6B are enI arged vi ews

show ng the net| seals of the . elect I.ndl or .accordin to t he
present i nvent |%We gﬁd ajcL0%q geirtionsl vgev\éof %@?‘?%F‘.%PWH%&W%%@?%W&& 9 data
storage deyddondcafibbdisien of 8 DESI‘é%.@hfin%htlérP' ndl e notor according to the

present I nventi on. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 20 As

shown in Fi gufdgure 3 ireagrresa sectionsl nigveohran eleditic spitidteymatoraddarding to
enbodi e ty t n for use in a hard disk drive conprises
a statlo%n 9 Jﬁ@oﬁéﬁeﬁ@w %%géhf@yg?v’réub assenbly. The term "stationary
sub- assenbl y'Fif\ekes iharesd SedtithaP@icw oPhn telscted 86l nﬁﬁd)ﬂé’éc%rﬂiﬂbc’cb
nmounted to_ the hOUS|qr8 of the hard disk drive, and the term"rotary

&sgbﬁ asserffoyth Q"B[P%‘?@ of the presgat inyeption;he el ectrical spindle notor for
rrying a pl ‘ﬁﬁu s? a{é cﬁj6§§<§e&[g)q1a'l Yie ¥?Qh c?crt@{ @bin‘é?e hidtbd Ser@hpd8ary

sub-assenbl y. I onar asse
a fifth embodiment of the present invention;

Figure 6A and 6B are enlarged views showing the magnetic seals of the
electric spindle motor according to the present invention; and

15 Figure 7 is a functional block diagram of a data storage device comprising
an electrical spindle motor according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 As shown in Figure 1, the electric spindle motor according to a first
') embodiment of the present invention for use in a hard disk drive comprises a
stationary sub-assembly and a rotary sub-assembly. The term "stationary sub-
assembly" here refers to the parts of the electric spindle motor mounted to the

housing of the hard disk drive, and the term "rotary sub-assembly" refers to the

25 parts of the electrical spindle motor for carrying a plurality of disks and is movable
relative to the stationary sub-assembly. The stationary sub-assembly includes a

base 14 and a shaft 12 mounded onto the base 14 through an opening 16. A

stator lamination 32 and a coil winding 34 are formed on the stationary sub-
assembly. The rotary sub-assembly is rotatable about a rotating axis 100 and

30 includes a hub 30 and a sleeve housing 22 mounted onto the hub 30 for
supporting a shaft sleeve 20. The rotary sub-assembly and the stationary sub-
assembly are movably connected through the shaft sleeve 20 and the shaft 12. A




. base 14 and a shaft 12 nounded onto the base 14 through an openi ng ’13“ ,}Aq! 05
stator lamnation 32 and a coil winding 34 are forned on the st at i*oh r‘/ﬁr il
sSub- assenbly. The rotary sub-assenbly is rotatable about a rotating axis

© 100 and 30 includes a hub 30 and a sl eeve housing 22 nounted onto the hub
30 for supporting a shaft sleeve 20. The rotary sub-assenbly and the
stationary sub- assenbly are novably cohnect ed t hrough the shaft sleeve 20
and the shaft 12. A2 6 [11 A Y 21)606 -5 hydrodynam c bearing including a
first sedidsedynamindbeareg dncludiegt aofirskGsectiopalat and by secgad 28ctiond 26s

f d bet t [ f f th ft I 20 and the outer
L ormed DSMBRICH ) 350 8 Hhe R Ehmett s SR aracs ok e STefe gap
28. The hysu\edz0IMdCthREAItER JuiSée BY BYd dRaft A9 ah IbBﬁ&JﬁgHtég g%(%(\ﬁli)r é’é\n&? tb%ad' al

stiffness and guide the rotating portion of the spin its
| oad r ot dileddndhe gap 28e Ermhydroglynamic beadny setiipradde mhtial laad bapaditycl udes

a yoke 3 36 whi.ch,. correspond.to e stator |lamnation 32 and
t hesocoi I %ﬂ?ﬁ%dﬁad r@%ﬂ?%s P{)‘an'-ﬁgﬁ il irﬂﬁ’%ng APriQi é’%ﬂrt}i'?/ SPB}d?% itq’gﬁrnﬂ%f WHR fisot ar y
sub- assernbhy ratating ardindethatdhagt 12 the stationary sub-assenbly at a range
of predeterm ned angul ar velocity. A pair of thrust plate 41 and 42 are

securely attached to the hub 30. A pair of thrust bearing stators 43 and

44 with their i LLQf ' is fixed. tgn the, base
44 ViU el ! SRR b Al (G4 JodigBd Re o al G RS S
are pl acedriespbrd wedhe astatoni@mination B2 bie lthe T AGInAlRA3%itb Tk BRlngof

t hrust pl a&}es 41 and 42 to forma nagnetic bearing set 40 which includes a

Fi¥St ¢ RUGISSeERY iy dryinghiherodaiyowd-2saanhly hetating gelabive Toéha statisnatyear i ng
stators 43y

Faci ng tharr oAy 3L A ARG o] PRI BB DR et tvel y. A first
magnetic force of the thrust bearing 49 is generated between the thrust
PLALE 41 20 8ok b el R AT B e ierdh aen B B A R3S
of thrust bearing stators 43 and 44 with their respective pair of coils 45 and 486 are
15 fixed to the base 14 through an extension 48. The pair of thrust bearing stators 43
and 44 are placed in between and- are interactively associated with the pair of
thrust plates 41 and 42 to form a magnetic bearing set 40 which includes a first
thrust bearing 49 and a second thrust bearing 50. The thrust bearing stators 43
and 44 are back-to-back oriented with each other and axially facing their
20 associated thrust plate 41 and 42, respectively. A first magnetic force of the thrust
"} bearing 49 is generated between the thrust plate 41 and the thrust bearing stator
43, and is substantially parallel to the axial direction of the shaft 12 when an
electric current is applied to the coil 45. Similarly, a second magnetic force of the
thrust bearing 50 is also generated between the thrust plate 42 and the thrust
25 bearing stator 44 along the axial direction of the shaft 12 when a current is applied
to the coil 46. The first and second magnetic forces can axially suspend and
maintain the rotary sub-assembly in a non-contact position from the stationary
sub-assembly. The first and second forces enable the spindle motor to have a
fast starting and stopping without bearing surface rubbing, and a low friction
30 resistance during rotation. Risks of bearing wear and particulate generation will
be much reduced. In addition, a radial magnetic force can be generated by the
magnetic bearing set which may keep the axis of the thrust bearing stators 43 and




. electric current is applied to the coil 45. Sinilarly, a second fe@ngty c2ins
force of the thrust bearing 50 is al so generated between the thrust plate
42 and the thrust 25 bearing stator 44 along the axial direction of the

- shaft 12 when a current is applied to the coil 46. The first and second
magnetic forces can axially suspend and, nmaintain the rotary sub-assenbly

I n a non-contact position fromthe staﬁ'onary sub-assenbly. The first and
second forces enable the spindle notor to have a fast starting and

st oppi ng 44 alignad wihithaghrest plades 4tlsEnidndR. This mdialfodcei adidpenatdd witksthet ance

during rqtation. Risks of beari wear and particul ate generation will be
mich T eddVEIOSYHAMIPRITEH bR g doaNciRag e 20 dead sapBeNGand SIBaSy t ho
magnet i ¢ {hepdTbROefincalitRE ' rngtlscpearing stators
43" and 26 NAY -6 44 &l igned éwim{rﬁgtﬁﬁeebmﬂ&%%}éﬁggfégﬁg %5 Thi's radial
force cooperates with the hydrodynam c journal bearing to increase the

radial |oad c o i ffness,, therefore enhances the t f or mance of
[ hes hyar odvnad? B phireRikied hat Gt the Wi el GraAPT RE e, heseRE verfiSins | ve
concept chetdiridhireSeNthd BRI §Pindlel RIS fidyt 3156 1 akBRdeh@ FhéitingPitedl e
notor may al so be altered by nounting the Shaft onto the rotary

sub- asser1ajt enta the yetary sebgssemblivand mountdheslesvargnte dhe statioaaty sub- ho A
first seaééeﬁﬁblgnd a second 54 are applied at two ends of the J

hydr odynaim c bedaring. The first seal 52 includes a magnet ring 56, a

sealing ring 58, a first cylindrical surface of the shaft 12 and a
ferrofluid 60. The second seal 54 includes a magnet ring 62, a sealing

r’gﬁb ﬁ4’ a sec%nﬁrSEy?rE?%r%a%%Lﬁf%&Cfnsf Sénhare sapglied1 2t aiwe tendst &f r el ui d
60. T oot i it hi the. .
ot weon (HREaMBIREHEP i fret BEal &4 ¥ dds fiadhlel hd ob° gl ey ho

magnet i ¢ Skea Brsétilindricabbyrfpceobtiie shaft Hamdcafrréfiddnd0e akhe geooihd ekak he
abso

RER AR TR A NN TN SR (I A
liquid shaft 12 and the ferrofluid 60. The magnetic force captures the ferrofluid 60 within
15 the gaps between the shaft 12 and the magnetic sealing rings 56 and 64. The
magnetic seals effectively prevent the lubricant from leaking out of the
hydrodynamic bearings. A first absorber 66 and a second absorber 68 are
provided at the ends of the hydrodynamic journal bearing for absorbing any liquid
from the hydrodynamic journal bearing and preventing the liquid from

20 contaminating the disk surfaces due to the evaporation at certain condition such
‘ ) as low environment pressure.

A second embodiment of the present invention shown in Figure 2 discloses
an electric spindle motor including magnetic thrust bearings 149 and 150, which
25 comprises a pair of thrust plate 141, 142, a pair of thrust bearing stators 143,144,
and a pair of coils 145, 146. This embodiment is configured same as the first
embodiment except that a magnetic thrust bearing set 140 is formed by

. separating the two magnetic thrust bearings 149 and 150.

30 A third embodiment of the present invention shown in Figure 3 discloses an
electric spindle motor including magnetic thrust bearings 249 and 250, which
comprises a pair of thrust plate 241, 242, a pair of thrust bearing stators 243, 244,




. from the hydrodynanic journal bearing and preventing the |iquidZ8di2a?005
contam nating the disk surfaces due to the evaporation at certain condition
such A as |low environnment pressure. A second enbodi nent of the present
“invention shown in Figure 2 discloses an electric spindle notor including
magneti c thrust bearings 149 and 150, ich 25 conprises a pair of thrust
plate 141, 142, a pair of thrust bearin§ stators 143,144, and a pair of
coils 145, 146. This enbodinent is configured sane as the first enbodiment
except tand a pagieoile 246y 246. e this egbxstiment) the pasrofdlorusy besdngstatonsg t he

| | d .30 A third enbodi of th
pr asont 7oA of h anPIEReR: e EA0P e deang oy RN Pt or

i ncl udi ngsupReEHIRiallg peRsarrfictarntd thasroldthgpasds 284, The PRir SFARRISt phfed B3I I of
thrust plate 24|1,95)49? a (|:oai r of trhr ustgabegri ng sta?olrrs 243, ?ﬁ 2 6 MAY

2005 -7 @ g43are infa fym of ping, shape. andh areiplacadhsdirownding tthe rpapective

out har i oot SRS Bbding 0% REY Al S4F, TR0 suS e aPhele BRles 20T g
axi s 201.24ReambRa29f 2421 bed fopmatiest préfrusions oddBedisir bplatdsozMm ahd idng
shape and are pl aced surroundlngpthe respective s pair of thrust bearing

stators J23P@Fityehi4Thepagirofithrishbeating staterspitds 24d4arg oftset withdhe paief, 242b

f [ ' jvely.
The pai r Rt AT 24 282 oRhd 85, 8R4 R br e il X 20 2l el 7
t hr ust pIiaWardMﬂJffsét]fifﬂ between gfe pair af tl’ﬂustqﬂ_aiecﬂl?‘nﬁﬂﬁbwth@?tﬂ: Mtgiﬁlgﬁrgirgol,

d [ dl t o] e pair of thrus ate , 242,
G oby (RS G RerAoHareietes | Ba fWBdOgRasLAtR BHUSHRECRE AGPB dBedbiating! ust

forces’ t qudeably het BObakiW @S BoB¥n A SriRBhEaThinx GRladiRh [ils are
Si mul taneously,” attraction forceS are generated bet'ween the pair of thrust
beari ng genesateditweanshapairodff thetstvbadninghstatqrsi2d 3o 244 raresaffselt atity thél, 242

al ong a radi di r.ect. l.ch is cooperative with the hydrodynanc
Tooro it i ot Rl Hiate s, PAadlah po R e Smaviinn i FeepeiRtve SIG
hydrodynamic journal bearing for withstanding the radial load the electric spindle

15 motor.

A fourth embodiment of the present invention shown in Figure 4 discloses
an electric spindle motor with configurations same as the third embodiment,
except that the pair of thrust plate 341, 342 are outwardly offset from the pair of

20 thrust bearing stators 343, 344 for generating alignment forces alone the axial
) direction of the rotating axis 301 to keep the rotating assembly at a desired axial
position.

Figure 5 shows a fifth embodiment of the present invention. A pair of

25 annular permanent magnets 441b and 442b are mounted onto the respective pair

of thrust plates 441 and 442. A thrust force an be generated the by the pair of

permanent magnets 441b and 442b when the pair of thrust bearing stators 443

and 444 are not activated. The thrust force serves to provide pre-load to keep the

rotary sub-assembly rest on the stationary sub-assembly. This will reduce the risk

30 of damaging spindle motors during shipment. The magnetic thrust bearings can

be activated to suspend the rotary sub-assembly from the stationary sub-
assembly when the electric spindle motor is desired to work.




- 15 nmotor. A fourth enbodi nent of the present invention shown in Figure 4
di scloses an electric spindle nmotor with configurations same ag gt gyt bhd
enbodi ment, except that the pair of thrust plate 341, 342 are outwardly
" offset fromthe pair of 20 thrust bearing stators 343, 344 for generating
alignment forces alone the axial diregtion of the rotating axis 301 to
keep the rotating assenbly at a desired axial position. Figure 5 shows a
fifth enbodi nrent of the present invention. A pair of 25 annul ar permanent
magnets 441 b and 442b are nmounted onto the respective pair of thrust

pl ates 441 and.; . t an ner at t he by the ir of
ber manent - magrdourena0h it PR, SOGR 4R, lBraENES o e Se e oS ol 486 5 aas
and 444 agith th electricvspidle nidter bhthesprebOntCiAveRtiote Sint KigiFeOSA delfefofigiad to
keep the rotary sub-assenbly rest on the stati onarfy sub-assenbly. This

&

wil |l redREateneetaingd in@npplad seeyewhieimFicsredBothe femofiuig 60hampestainethe
magnhet i Cri%%rd‘,é& bearings can be activated to suspend the rotary

sub- asse %rﬁthe stationary sub- assenbly when the electric spindle
notor is desired to work. 2 $ MAY 2005 -8 Figures 6A and 6B shows two

alternatives O/I the sealing neans for use wth the electric spindle notor
of the present™§ SPOWN Bh Figyrery @ datgastarage rdavies 17900dinchislesr any eleglriged i n

annul ar grRaME bl E? g %rsgd#téﬁgegﬁbbbé" étqéé&fdyeéi @atgg;@rg‘aeroq%@ﬂf'dat [Sadt" 2

wedge. As ‘shown i n ata Storage vi ce I'ncludes’ an electric
spi ndl e roteoreafiiritesasbesally Fdd; sdxal/writeabsdematsly controfiert 216Gt spigdiedimekor7?12;

at_least one regd/wite assenbly 714: read/wite assenbl ntrol |l er 716;

@ Bbi ndl SHGEYPT P8enh pofa BroCpesinG £1aE onicy g%ﬁ”@gﬂr@ﬁ ineder o3 LOPBECIEAd an

Mt er facqo 22 2oRRURACtR APt FMSHIST staling thd Eﬁinwm&opéorﬁm{??'ﬂ@ the

spindle notor controller 718 sends a first“signal to activate the

el ect r oneigids a st sigpaklocaativate thei eldttcomegnets tf the electric spindle motor 710
to suspend the rotary sub-assembly from the stationary sub-assembly; and a
second signal to cause the rotary sub-assembly to rotate. Likely, at the moment of

15 stopping, the spindle motor controller 718 sends a third signal to the electric

spindle motor 710 to stop the rotary sub-assembly from rotating; and with a fourth
signal to the electromagnets to have the rotary sub-assembly rest again on the
rotary sub-assembly.




to suspend the rotary sub-assenbly fromthe stationary sub-assenbly; and a
second signal to cause the rotary sub-assenbly to rotate. Likely a& QW%
nonent of is stopping, the spindle notor controller 718 sends 61%ﬁi‘@' 7005
signal to the electric spindle notor 710 to stop the rotary sub-assenbly
fromrotating; and with a fourth signal to the el ectromagnets to have the
rotary sub-assenbly rest again on the .gotary sub-assenbly. 2 6 MAY 2005 -9
5 10 15 CLAIMS An electric spindle notor conprising: a stationary

sub- assenphwiRYi Ng a base and a first supporting nmenber nounted on the
base; a rotary sub-assenbly having a rotating axis and a second supporting
menber for novably receiving the first supporting nenber; a hydrodynam c

journal bearing_interposed, between the first and the second supporting
nenber s; j nag%é‘t?qﬁgtﬂgépm%e MYOLEANPIYALY bet ween the stati onary

sub-assenbly and sfagiohafadub-a54EmBEUNG a base BRANeTitst sDpBoiting M&hbbAavi ng
at | east one electromagnets and at "| east one thrust plates interactively

ass6ci ated with t hemauniechep tambaseect romagnets for control | ably

suspending (i o4 BiinE b 35SETRYY nh0RE REGAE HTER estbborfeaRbhing @

static el ectric changaabérformidwablotezeviriythedirsesipportidy mémbelectric

spindle motor as aC lh?/idpoed%mia%icc: ljghrwa?"begﬂﬁéeikt%régseetr Y)g{veedgnn%wrg (first and the
second supporting members;

10 a magnetic bearing set positioned between the stationary sub-assembly
and the rotary sub-assembly, the magnetic bearing set having at
least one electromagnets and at least one thrust piates interactively
associated with the at least one electromagnets for controllably
suspending the rotary sub-assembly from the stationary sub-

15 assembly, and

a seal for insulating the hydrodynamic journal bearing and discharging

static electric charges from the rotary sub-assembly.

2. The electric spindle motor as claimed in claim 1, wherein the hydrodynamic
20 journal bearing further comprising a first section, a second section and a
gap positioned therebetween for containing a lubricant.

3. The electric spindle motor as claimed in claim 1, wherein the seal further
25 comprising a magnetic back ring and a sealing ring having at least one

recess for receiving and retaining a magnetic sealing material.

4, The electric spindle motor as claimed in claim 3, wherein the at least one
recess of the sealing ring comprises an annular groove opening inwardly to
30 the rotating axis of the rotary sub-assembly. -




20 journal bearing further conprising a first section, a second section and
a gap positioned therebetween for containing a |ubricant. 3. Thé felMdt C05
spindle notor as clained in claiml1, wherein the seal further 25
conprising a magnetic back ring and a sealing ring having at |east one
recess for receiving and retaining a magnetic sealing material. 4. The

el ectric spindle notor as clained in clgpm 3, wherein the at |east one
recess of the sealing ring conprises an annular groove opening inwardly to

30 the rotati n@rhgxé %gﬂ éﬂ@%ﬂhé{?\r\:ea%uﬁaﬁéﬂmbbéim? HNMgur?@\%Sarlégsﬁon@G 7.

10 8. 15 9. electric spindl'e notor as clained in
cl ai m 3, wher eirecedseohitthé eseslingnring muwiseefatmedmaipenmg inveardbnto itkes a

wedge opening i r dl he . rot is of the rotary sub-assenbly.
The el ectric sﬁ%ﬁpg%ﬁ%rth foary gﬁ Mim 1, further conprising an
absorber for preventing the |ubri cant from evaporati ng and bl ocki ng

external particles fromentering into the é/drodynam c journal bearings.
5 6. The electric spindle motor as claimed in claim 1, further comprising an

absorber for preventing the lubricant from evaporating and blocking

external particles from entering into the hydrodynamic journal bearings.

7. The electric spindle motor as claimed in claim 1, wherein the at least one
10 electromagnet comprises a pair of electromagnets and the at least one

trust plate comprises a pair of trust plates.

8. The electric spindle motor as claimed in claim 1, further comprising at least

one permanent magnets respectively mounted on the at least one thrust

15 plate whereby providing a pre-load for keeping the rotary sub-assembly
resting on the stationary sub-assembly.

9. The electric spindle motor as claimed in claim 1, wherein the at least one
electromagnet being offset from the at least one thrust plate along an axial
20 direction of the rotating axis.

10.  The electric spindle motor as claimed in claim 1, wherein the at least one
electromagnet being offset from the at least one thrust plate along a radial
- direction of the rotating axis.

25
11. The electric spindle motor as claimed in claim 1, wherein the first
supporting member comprises a shaft and the second supporting member
comprises a sleeve.
30 12. The electric spindle motor as claimed in claim 1, wherein the first

supporting member comprises a sleeve and the second supporiing

member comprises a shaft.




The electric spindle notor as clainmed in claim1l1, wherein the at |east one
el ectromagnet conprises a pair of electromgnets and the at Ieasqggn@ﬁy sanr
trust plate conprises a pair of trust plates. The electric spindle nﬁ?brLQQ
claimed in claiml, further conprising at | east one pernanent nagnets
respectively nmounted on the at |east one thrust plate whereby providing a
pre-load for keeping the rotary sub-assenbly resting on the stationary

- sub-assenbly. The electric spindle notor as clainmed in claim1, wherein the

at | east qme  qhECHIGRIRIBIRE ifctoP dsd Blait8 it B@IrAt 1, AilHor GG ta Pl at e

along an axial direction of the rotating axis. The electric spindle notor
as clai med in driging sub-a¢ranably fomhdriving theamtanyrrub-assanbly reiging relafivieg tof f set
fromthe at |east ogne thrust _plate along a radial direction of the
rotating axis.%¥58@®P8§@G? '@%#%Bﬁg'nntor as claimed in claim1, wherein
the first supporting nenber conprises a shaft and the second supporting
menber conprises a s|leeve. The electric spindle notor as clainmed in claim
1, her ei 14t he An elgetricspipie Motgr ARMPEBINGonpri ses a sl eeve and the second

supporting menber %O%p{)ﬁ?lﬁ/e&bs—gééémb[y ﬂéving%‘r lloél_st.@ §|sﬂ%ftr|inﬁuﬁ1%:d; gl?émt or

as claimed in claim] rconprisirng a Vi g sub-asse
driving the rotary subbaseseaenbllindrichbéxtegsionlmbiumtedton tHehbasd ahd @oaxially

sub-assenbly. 5 14. An electric spipdle tor conprisjng:. a stationar
sub- assenbly having a %@ncgn%l%ﬁptsnﬁ%pﬁg&@td???t e S!?scg',omc?g&? mmm%% I
extensi on nounted on t&?tﬁé‘%ﬁ&ﬁ’orﬁ%'éﬂe&ést éHéré?é'@ erﬂs?ﬁcftgh&h ta figed at

| east one el ectromagnet nounte on the extension, a ast ©One
el ext r omagnet havi ng am@gnstic axis; and
a rotary sub-assembly having a rotating axis, a hub, a sleeve
housing mounted within the hub, a cylindrical sleeve mounted
within the sleeve housing, at least one magnetic ring attached to
the hub and interactively associated with the at least one
15 electromagnet of the stationary sub-assembly; the at least one
magnetic ring having a second magnetic axis;
wherein the at least one electromagnet and the at least one
magnetic ring form a magnetic bearing set;
the sleeve and the shaft form a hydrodynamic journal bearing; and
20 wherein the electric spindle motor further comprising a seal for
insulating the hydrodynamic journal bearing and discharging
static electric charges from the rotary sub-assembly.

15.  The electric spindle motor as claimed in claim 14, wherein the at least one
25 electromagnet comprises a pair of electromagnets and the at least one

magnet ring comprises a pair of magnetic rings;

16. The electric spindle motor as claimed in claim 15, wherein the pair of
electromagnets being respectively offset from the pair of magnetic rings
30 along an axial direction of the rotating axis; the first magnetic axis being
substantially parallel to the second magnetic axis and being further

substantially parallel to the rotating axis.




10 magnetic axis; and a rotary sub-assenbly having a rotating axis, a hub,
a sleeve housing nounted within the hub, a cylindrical sleeve rg)ﬁn:t%qd

wi thin the sl eeve housing, at |east one magnetic ring attached téov tihé Hib
and interactively associated with the at |east-one 3-5 el ectronmagnet of the
stationary sub-assenbly; the at |east one magnetic ring having a second
magneti c axis; wherein the at | east onejzl ectromagnet and the at | east one
magnetic ring forma magnetic bearing set; the sleeve and the shaft forma

hydr odynanizc j %br@bcﬂﬁeaslfdirgtﬂé RGBT aﬁ%l%f‘éoein”clﬁ@g SSihE 18 PivAElen fRd or

I
further conprising a seal tor 1nsulating the ;gdynam c journal bearing
and di schar gi ngnagiedici dbesringt r havioharaye firstr @tiraction ofaiey Job- wegirgbithe 15.
The electric spindle notor.as clainmed in.claiml1l4, wherein th t t one
25 el ot r omagnBIStgMERERS SRt e Fiagnas Bie, fopd RG0S Aot 6FEE e
magnet ring comgfkeepingpthedfirst akis BHgRed wWithrthe@ecod®axikhe el ectric spindle
notor as clainmed in claim15, wherein the pair of electromgnets being
respectively offset fromthe pair of nmagnetic rings 30 al ong an axi al

directiong,af t r I WS fiol St net i . axi I 0Q.: .
substantigI%ry gg]real%}i%w@gs helasre'to?)ﬁrd dr?a?naérﬁgg Ei(icga'gfr(\cﬁbg\ﬁhg&fnurtpﬁeprSt

substanti al |y pdradtionl fdroetlbsing odulistangtizdlyi saralelbtdVithe 20Gfhing1axis 7andm lee

el ectric spindle m)é/or as.clainmed in claim 15 or claim16, Whﬁ{;i n %_he

magnetic beari S§CRRYiFHAGIqN ferce beingcsyrsiantially epependicylatgtor rotating

el ectrorragnetsag(%\{vard the magnetic rings, and a second attraction force
for keeping the tirst axis aligned with the second axis. 5

10

19. The electric spindle motor as claimed in claim 14, wherein the
electromagnets being respectively offset from the magnetic rings along a
radial direction of the rotating axis; the first magnetic axis being
substantially parallel to the second magnetic axis and being substantially

15 perpendicular to the rotating axis.

20. The electric spindie motor as claimed in claim 19, wherein the magnetic
bearing having a first attraction force for urging the electromagnets toward
the magnetic rings, and a second attraction force for keeping the first axis

20 aligned with the second axis.

21. The electric spindle motor as claimed in claim 20, wherein the first
attraction force being substantially perpendicular to the rotating axis and
the second attraction force being substantially parallel to the rotating axis.

25 _

22. The electric spindle motor as claimed in claim 14, further comprising a
driving sub-assembly having a stator, the stator having a stator coil and a
yoke mounted on the base; a rotating magnet mounted on the hub and
associated with the stator for effecting the rotation of the rotary sub-

30 assembly.




18. The electric spindle notor as clainmed in claim17, wherein the first
attraction force being substantially parallel to the rotating axb%;%@g;tﬂﬁg
second attraction force being substantially perpendicular to the“rota?iﬁﬁ“
axis. 10 19. The electric spindle notor as clainmed in claim 14, wherein the
el ectromagnets being respectively offset fromthe magnetic rings along a
radial direction of the rotating axis;-f3he first nmagnetic axis being
substantially parallel to the second magnetic axis and being substantially
15 perpendicular to the rotating axis. 20. The electric spindle notor as
clainmed in claim19, wherein the magnetic bearing having a first

attracti oB3f or Aedatar staragendevine compisingragrelestricspindle mater rasgelatmed in ngs,
and a second attractign force for ﬁee ing the first axis 20 aligned with

t he second axiQDVQE?<$ﬁ%egﬂﬁ%¥¥?%°§ﬁrﬁd|e notor as claimed in claim 20,
wherein the first attraction force being substantially perpendicular to
the rotating axis and the second attraction force being substantially
par&l lel to the rotating axis. 25 22. The electric spindle notor as cl ai ned
in claim14, further conprising a driving sub-assenbly having a stator,
the stator having a stator coil and a yoke nmounted on the base; a rotating
magnet nmounted on the hub and associated with the stator for effecting the
rotation of the rotary sub- 30 assenbly. 2 6 MAY 2005 -13 23. A data
storage device conprising an electric spindle notor as clainmed in any one
of the preceding clains. 5




