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(57) Abstract: A hub and shaft are provided which are mounted for relative rotation by providing two conical bearings spaced apart

along the shaft, and a bearing seat facing each conical bearing.

Fluid is maintained in the gap between each cone and the facing

= bearing seat, supporting the cone and seat for relative rotation. The outer surface of the bearing seat is insulated from the remainder
of the motor by a thermal insulator which extends at least part way along the outer surface of the seats. This insulator is effective
at keeping the bearings warm even in a relatively low temperature environment in which the motor may be used. The insulator
O may comprise a cylindrical ceramic or similar low thermal conductivity material extending at least part way along the axial distance
outside of the bearing cones. Alternatively, an air space may be defined in the outer surface of the bearing seat, extending at least

=

part way between the bearing cones.
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Background of the Invention

Disc drive memory systems have been used in computers for many years for

storage of digital information. Information is recorded on concentric memory tracks of
15 a magnetic disc medium, the actual information being stored in the form of magnetic

transitions within the medium. The discs themselves are rotatably mounted on a

spindle, the information being accessed by means of transducers located on a pivoting

arm, which moves radially over the surface of the disc. The read/write heads or

transducers must be accurately aligned with the storage tracks on the disc to ensure
20  proper reading and writing of information; thus the discs must be rotationally stable.

During operation, the discs are rotated at very high speeds within an enclosed
housing by means of an electric motor, which is generally located inside the hub or
below the discs. One type of motor in common use is known as an in-hub or in-
spindle motor. Such in-spindle motors typically have a spindle mounted by means of

25 two ball bearing systems to a motor shaft disposed in the center of the hub. One of
the bearings is typically located near the top of the spindle, and the other near the
bottom. These bearings allow for rotational movement between the shaft and hub,
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computer equipment, resulting in severely increased requirements for shock

15 resistance. Shocks create relative acceleration between the discs and the drive
casing, which in turn show up as a force across the bearihg system. Since the contact
surfaces in ball bearings are very small, the resulting contact pressures may exceed
the yield strength of the bearing material, and create long-term deformation and
damage to the raceway and the balls of the ball bearing.

20 Moreover, mechanical bearings are not easily scaleable to smaller dimensions.
This is a significant drawback since the tendency in the disc drive industry has been to
continually shrink the physical dimensions of the disc drive unit.

As an alternative to conventional ball bearing spindle systems, researchers
have concentrated much of their efforts on developing a hydrodynamic bearing. In
25 these types of systems, lubricating fluid — either gas or liquid — functions as the actual
bearing surface between a stationary base or housing in the rotating spindle or rotating
hub of the motor. For example, liquid lubricants comprising oil, more complex ferro-
magnetic fluids or even air have been utilized in hydrodynamic bearing systems. The
reason for the desirability of the use of air is the importance of avoiding the outgassing

30 of contaminants into the sealed area of the head/disc housing. However, air does not
-2
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subst anised] range of tenperatures over which the notor nust operate. In
known journal bearing designs for the shaft, the tenperature of the fluid

when the sy o?vrcgvie?, tﬁé vé&sféct’lfﬁ% abgonventional fluid dynamic bearing design relies

15 on the use of a fluid in a very narrow gap between a shaft and surrounding bore for
establishing and maintaining radial stiffness creates a problem due to the substantial
range of temperatures over which the motor must operate. In known journal bearing
designs for the shaft, the temperature of the fluid when the system is at rest may be
about 5°C- 252C depending on the temperature of the surrounding environment; in

20 operation, the fluid temperature can be 70°C or more. Clearly, the viscosity of the fluid
will change with the fluid becoming less dense and providing substantially less
stiffness for the shaft. Thus, unless elaborate systems are incorporated into the
design, it is very difficult to maintain the desired level of radial stifiness for the shaft

over the entire range of operating temperatures of the disc drive.

25 Efforts have been made to modify the fluid used in the fluid dynamic bearing
gap to minimize the changes in viscosity with changes in temperature; but such fluids
can add to the cost of the bearing and motor, and have not fully achieved the goal of

temperature compensation over a wide range of temperatures.

Disc drive speeds continue to increase due to obvious benefits in performance.

30 Higher speeds usually means higher power requirements, but every effort is made to
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Itis a further objective of the invention to provide a fluid dynamic bearing design

which minimizes the changes in power of consumption during long-term operation.

Another objective of the invention is to provide a design wherein the high speed

15 spindle is very efficient at all operating temperatures.

The present invention is also intended to achieve a minimization in the variation

in steady state run current between different operating temperatures.

These and other objectives of the invention are achieved by providing a
insulator between at least a portion of the sleeve or bearing seat which surrounds the
20  fluid dynamic bearing, and the hub and surrounding environment in which the bearing,

typically a spindle motor operates.

More particularly, according to a preferred design of the present invention, a
hub and shaft are provided which are mounted for relative rotation by providing two
conical bearings spaced apart along the shaft, and a bearing seat facing each conical

25  bearing. Fluid is maintained in the gap between each cone and the facing bearing
seat, supporting the cone and seat for relative rotation. The outer surface of the
bearing seat is insulated from the remainder of the motor by a thermal insulator which

extends at least part way along the outer surface of the seats. This insulator is
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rount on the shaft; the female cone or bearing seat which surrounds the cone on the shaft;

and potentially the shaft itself to reduce the thermal mass further.
15 Other features and advantages of this invention may be apparent to a person of
skill in the art who studies the following description of a preferred embodiment given

with reference to the attached drawings.

Brief Description of Drawings

So that the manner in which the above recited features of the present invention
20 are attained and can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to the embodiments

thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its

25  scope, for the invention may admit to other equally effective embodiments.

Figure 1 is a perspective view of a disc drive in which the motor of the present

invention is especially useful.
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be al so be usef Ifo Oﬁfvm%?stf\/f’%od‘? {?QPQ%@WW Fﬁhﬁl"ﬂ’eﬂy%ﬁl%"eﬁearl ngs,

with reference to its use in a disc drive, since disc drives are especially sensitive to

10 increases in variations or increases in the use in drive current. However, the present
invention may be also be useful in improving the operability of fluid dynamic bearings,

especially conical fluid dynamic bearings, used in other circumstances.

Thus, Figure 1 shows an exploded perspective view of a disc drive storage
system in which the present bearing and/or motor would be useful. Figure 1 is provided
15 primarily to give an illustrative example of the environment in which a motor
incorporating the bearing comprising the features of the present invention is used;
clearly, the motor could be used equally well in other designs of disc drives, or other
operating environments apart from disc drive technology where minimization in
variations of run current over the operating ambient temperatures, and/or minimization
20  of the amount of power required to start and reliably maintain the speed of the motor,
and/or maintenance of the stiffness of the shaft against radial stability over a wide range

of operating temperatures is important.

In the particular example of FIGURE 1, the storage system 10 includes a
housing 12 having a spindle motor 14, which rotatably carries the storage disc or discs
25 16. Anarmature assembly 18 moves transducers 20 across the surface of the discs
16. The environment of discs 16 is sealed by seal 22 and cover 24. In operation,

discs 16 rotate at high speed while transducers 20 are positioned at any one of a set
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di scs 25, An ar mat.ur e as 18 nmoves transducers 20 across the

surfaceV @Fg?ﬁétﬁ@g"@w%th %”%Wl?'%ﬁé%ge%gn% togotale Syckdiingd by seal 22
and covdispRéemieh

transducesps 30 atr gﬂgggl??gggg(ygﬁpﬁﬂlé@ﬁg{%l?g@&s’eﬁhlgﬁf@%@@ggg t% 03/ 036113
PCT/ US0 Pig8ueidhe dranpdires ovgr %Eﬁﬂéa@mtqr@tr@plytcaaa&meohamh@ contachbetwalent he

dis 1 e
I nf g?natﬁ}ec}géﬁggu%e sur‘f:g)gsg stgr{f% Bﬁ Egﬁlgggﬁ% {‘%apgﬁ&%{r* é%@?&%ﬂ’se g?‘l“le di scs
rot at e 8yrfagey feshitig is preeidss stuiee atoragmsismed It gould even dadege the mai ntai n each
transdu t e associ at ed di In 5 present day
t echnol ggé/sofulc éqgmgt\(‘:, i Iég% ?ﬁwﬁ[ga&&e{ %éﬁ”ﬁre rﬁ?\%’&@éﬁ ?%goqq@tr ot ati ng

di sc suspeaadmﬂreta:heagﬂtmobhsm withaniirnuralpesier consumption), & £166 Mpdredntt hat the

di sc does not Vi brate or tilt away fromthe plane in which it is designed

to rotate. nt _ar vibration could easily disturb
the ai 1 owos 2 4 Wit st AR sfhogimords o PR srLlibr dser 1 ne
sur facedriverof Higgrey! s?mmmg theddzsiv stelctuwre st #ed mbeirwe anledst é@uth agsglucer and
t he di S& sur{tactﬁ Q r.].rhact woul d é)robablrk/ damage the disc
elevant 1o this mven ion € motor as shown in pa comprlses a stationery shaft 40

supported by spaced bearing cones 42, 44 which are supported from the shaft. A

bearing seat or seats 44 is provided. The bearing seat 44 provides the cooperative

surface with the bearing cones 42 and 44 to support relative rotation of the hub and

20 the shaft, utilizing the fluid 50 in the gaps 52 and 54 between the faces of the seat.

Immediately outside of the bearing seat 44 is a sleeve 54 of a low thermal

conductivity material. In a preferred form of the invention, this material is ceramic.
This sleeve comprises a ceramic thermal insulator 54 which is effective at keeping the
bearings warm even in a low temperature environment which may go to 5C or below.

25 Immediately outside of the sleeve 54 of low thermal conductivity material is a hub 60
which is typically formed of aluminum, the outer surface of the hub supporting one or
more discs 64 for high speed constant rotation. This same outer hub supports a back
iron 66 and magnet 68 which would be aligned with stator 70 to cause rotation in
response to current signals, as is well known.



surface, resulting in the loss of disc storage space. It could even danmage
the transducer, resulting in |loss of use of the disc drive. Mintenance of
the constant speed of rotation of the disc, with nininun1pomer
consunption, is also inportant. Figure 2 is a vertical se é?ﬁfy ugh a
spindle notor of a type useful in the disc 15 drive of Flgur 4 wing
the basic structure of the notor or at |east so nuch as is relevant to this
i nvention. The notor as shown in part conprises a stationery shaft 40

supported by spa&fdeBeAb dieg FRIVESs Ql?arpﬁﬂntwd&%r QEH?E%EM&QH Er}%m the

shaft. A bearing seat or seats 44 is provi earin
provi des PRéaEOTesVE 341l have litde effedton ﬂtwmpeje@m WQh@m@ewzmndg gdrts 0

support r&d ahbigt t@ﬁ\tpéth@r@ iftireddas. hHQ lé‘ags l%glettgb%ﬁﬁg@gttmﬁj%r’nbi'eé{ ng the fluid

50 in the gaps 52 and 54 between the faces of I ately outside
of the befﬁmpﬁgat%réamﬂcmscﬁ%b%?r@gé@veerswr@fedaacesawftnﬁess belbw toasvehiattisvi t y

mat er izl . rehbired. &I &/ef 80s belideathdt it ﬁébVQQElbg%evé %I}é\% thinf el t%ﬁr am c.
Thi s sl eeve conprises a ceram c thermal 1nsulator I's e ective at

keepi ng t'Ae stiffiese iohtye shaft slesve pompinatiarovinyeay whl@héheetﬁvermajrimst thehi ch may
go to 5C g9bq amuawthgéearm@@wh%% Pé&t%bﬂﬁnagiaetré%cé{j%?‘éﬁla%h fggmww t her mal

conductivity material isa wni c “al uni num
t he out erSUQEPdpgs Wil “f”ﬁ@vﬁﬁba %fp’pﬁﬂ“ﬂg ﬁﬁe@neﬂm is tlne)benedlt wbich Gxiprowidetii gh

speed Corlﬁlttﬁiﬂilnéﬂ{@glb% ofT&h%e?r%Hpcd?th&rwt? %%}p_ports a back iron 66 and
magnet 68 which would be aligned wth stator to cause rotation in

response to current signals, as is well known. -7 2 4 APR 2006 Because

not oriodr ag r eld:llitﬁé 3sinatrates thé ERbnde GNRIN AMheMun} W@We?atur%h@r thl—:‘nsUI ating

sl eeve 54 wi ave little effect on the operation of the relatively

rotating ’B%fP'E YYIeSEOUR Biatrere Mmnasaiedihot WEH‘ aad wihoutiespregentesif thehl e because

at hi gh azkikibklect&BPETAS HEGe coMpFisasdr IPRA! i
stlffgess bel owefhaEmvvh h@ eCSH?e' ui rer %m%\%edpgm%%qﬁ%ﬁofog\ggﬁst hat t he

use of ttﬂ%@'f’%&%% F"I“bWQ%”qﬁhﬁchHPméﬂ"T%rtthedﬁOto'tWéW§tf¢ffSIUﬁ@§§dof t he shaft
sl eeve C@Ebrdﬁahllm@-BoﬁB)é%WstH?e s hahhas ther {or'mﬁ% &Ib@%nm?eﬁ;ﬁl%w@lﬁound the

beari ngs ch may heat u may be reduced or isolated fromt
gg run current that is, the ruew)curre)r/)t reduced by 18.9% for operation at 25°C.

In contrast, with the use of the ceramic sleeve, as shown in Figure 2, in contrast,
with the ceramic sleeve in place, the different in once current between 5°C operation
(line 310A) and 25°C operation, (line 310B), the difference is only 10.9%, which is a
highly advantageous diminution of the difference in steady state run current with
20  differences in ambient temperature. As set forth in the problem statement above, this is
considered a highly material modification of previously achieved differences in run

current, relative to prior art approaches.

An alternative approach is shown in Figure 4; as compared to Figure 2, the
male cones and shaft of the conical bearings are not evident in this view; only the
25 bearing seat. In the embodiment of Figure 4, rather than use a ceramic sleeve as
shown in Figure 2, an air gap 400 is defined in the outer surface of the sleeve 410.
This air gap occupies the maximum amount of space in the radial direction which is
possible to be used without weakening of the structure of the sleeve, and extends in
this exemplary embodiment about from the center line of the sleeve to the outside
30  edge of the sleeve where the hub 420 is attached. The axial extent of air gap is



surroundings wll inprove the self-heating effect. This is the benefit
which is provided by utilizing this sleeve of |ow thermal 2onduct| vity
material. 10 Figure 3 illustrates the change in run currerd ( P&rﬁ[m&ersus
t enper at ur gvd Pyeskfe notor style shown in Figure 2, neasuged H9Lh W th and

W t hout the presence of the ceramc sleeve 54. The figure conpri é‘xems f our

lines; |4 i C nd the
curront AFottifas N SASHIPCHSIAER b BRI AL AR it o BBBHERM Aows ( ne
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w i nér ez e v BRRA 0, Jus VaaRby BRI Midsad bty hermiLBRReRE:
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operatiq I 1 ration line 310B), the difference is
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st eady siigttal Inghlatart rent with 20 differences in anbient tenperature. As set

forth in the problem statenent above, this is considered a highly materi al
nodi fication_of previ ou Oy achieved differences in run current, relative
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al so extend as far as possible consistent with structural integrity; in
this enbodinent, it extends a substantial portion of the axial distance
between the two fenmal e cones 430, and 432 defined in the sleeve 410. It is
known that air has a very |low thermal transfer




characteristic, and thus this enbodi nent, conprising a properly defined air
gap 400 5 al so provides the benefits of thermal insulation, as can be
achieved with ceramic thermal insulator. Some benefits above descri bed
approach may also be achieved by substituting ceranic for 2te APl pgggones
shown in Figure 2; for the bearing seats which define the fenale cones;
and/or for the shaft. In addition, there may be other materials that may 10
be used WCLAIM®w t hermal conductivity such as engi neering plastics,
especially for the ceramc ring. Qher features and advantages of the
invention to a person who is skilled in the art who studies this invention
di scl osur k. Thefledsyeamictheagog pepnsttinde slepyeearehshaiitriorenetstion ratstidnotiee f ound
inthe f 1 Ji 7. . . | ui.d .dvpnam ¢ beari ng
supporti %Hagm:lmg‘g\cléeﬁdéﬁ Cg h%ﬁ&!‘g(%tg&gﬁg%eg@gt é}ei S(I)é;%vgtcwen%”g'ﬁg%tpaﬁao\t/?i ng a
pai r of CcRATEISYSeplarenacef the eprjs cerpestimptwith daehof they eonsmsrtpdieiiang gap pai r  of

beari ng sgalen fR&oAE aEBﬁweSﬁ%‘i,sﬂuquﬁFPrﬁgédsgg{p%%p &rﬁ%‘&?%&{ #cﬁs%a?tqgre s to

define a gap 5 between the cone an € gap Supporting
t he sl eev@lafineirad@tion anda regie eftlpw éharmabednsnctivity én anreeigreuriaée dfdhe t her nal
conduct i Vdide(eQ8r #Bviging Herdidl ha@& f N AR her mal
i nsul ation for rté’{e.wslhgzgtf terand'.t e'ﬁfgfa@g Sthghggeég"%ﬁéee |t§;ﬁ89;5 g%r{gj}ﬁec beari ng
war m everfYDAME beafing sapaeyen ined lomtemparature engirondritui d dynam ¢ bearing as
clainmed in Claim1 wherein the region of low thermal 10 conductivity

conprises,a cijgunferential ceramic layer. 3. Afluid dynam c bearing as

cl ai ned %1 cl a‘gﬁﬂf'qfdx?ﬁé?'éibﬁa?%a%%w&’ %&‘Pﬁ?‘ﬂs‘fé@efe@tta? asofdpwdiernal t he

shaf tl0conpnisasitstanpises @ crcasterertial derbiniv Iystynani ¢ bearing as clained in
Claim|l wherein the thermal insulating region conprises an air gap

extending radially and axially along an outer surface of the 15 sleeve. 5.
A fluid dynamAfiy@dynamjc sarigaasnaiaimed iCclainm! 4vhebeim tierslédve camprigep ext ends

axi al 'y sadiflBgh ﬁeél%@:ﬁq}ﬂe SRIIRAbrisBE sRffldsdereat s and the cones, but not

radi al Iy overl apping the

4, A fluid dynamic bearing as claimed in Claim 1 wherein the thermal insulating

region comprises an air gap extending radially and axially along an outer surface of the
15 sleeve.

5. A fluid dynamic bearing as claimed in Claim 4 wherein the air gap extends axially
along a region between the bearing seats and the cones, but not radially overlapping the

region of the bearing seats and the cones.

6. A fluid dynamic bearing as claimed in Claim 1 wherein the region of low thermal

20  conductivity comprises a cylindrical shield comprising engineering plastic.

7. A fluid dynamic bearing as claimed in Claim 4 wherein the bearing seat comprises

stainless steel, and the hub comprises aluminum.

8. A fluid dynamic bearing as claimed in claim 4 wherein the sleeve comprises

stainless steel and the shaft comprises stainiess steel.

25 9. A spindle motor for use in a disc drive, comprising a shaft and a sleeve and a

hub supporting one or more discs, the shaft and the sleeve being supported for

- 10 -



region of the bearing seats and the cones. 6. A fluid dynam c bearing as
claimed in Gaim1l wherein the region of [owthernmal 20 conductivity
conprises a cylindrical shield conprising engineering plastic. 7. Afluid
dynanic bearing as clained in Caim4 wherein the bearing sdat ARRII pes
stainless steel, and the hub conprises alumnum 8. A fluid dynam c bearing
as clainmed in cIa|n14 wherein the sl eeve conprises stainless steel and the
shaft conprises stainless steel. 25 9. A spindle notor for use in a disc
drive, conprising a shaft and a sl eeve and a hub supporting one or nore

discs, th ﬁ%rb I bedrirh OPR 006 rel ative
rotation %}l/a?lbéﬁta y%g%ﬁg? ﬁ%@rc ?’%bﬁgq E?Wé?%&@gaﬁ%% HEEPP ﬁ@gﬁfﬁ%ed’let ing a
sl eeve awif Hedifer reitive ecbtat!qwé’ler&bnafmawng atrleér o leaifies separated alopgitre gfaftcones
separate I ) C r.of b ard seat s,
one of tﬁgggggggkgﬁgper %Pﬁ"ghs&ﬂh@%%gﬁ 8@Pé%ﬂ%§g?@.§§#ma“m%W@h tﬁ%tmeen

t he cone gsthdefea gag tpejwaen thetdene gag thauggabrfluichig thérgap sdlmnemmgahel shaf t

for relat él¥&/er£1ﬁa§hbﬁ for r@l'aﬁv@'rolfaqgh Oé'hcf%] rellg cy?ﬁ cEfI W lrmgp&%agét}vi{ H é’f" & a(r)lgt er

surface of the sleeve for provi at 1rofn
t he sl eev@iriage Rblbp slaehe fffrlmq)\ckiln@ﬁ@nml ihssdationgonthe shafy amd melsdzamvbwp@arpat ure

envi ronrrqﬂg fluidQyndnl l&é’aﬂ corﬁlﬂ] ?rpgﬂfw @nﬁ?atﬁ bR 8y @l m 9 wherein the

regi on of |ow thernal uctivity ¢ Ir'ses a cifrcunferential ceramic
| ayer. 11. A fluid dynamc bearing as clal med in claim9 wherein the sl eeve

conpri sesio. st aanlhneﬁs}n@h@@eaaﬁgﬂaé hginsiah ClEAMPRh&S™ the ?éq;@rﬁéﬁoﬁttr?é?}nal 12. A
fqudynamc arl %as clainmed in Cainmed 9 wherein t her mal

i nsul“dt | é’ndﬁ’%'éﬂ YRR A uURiPreitial RBMSIA¥di ng radial |y and axially

along an outer surface of the 15 sleeve. 13. A fluid dynam c bearing as

clainmed iy d %mlc}%yﬂmﬁ&@egnﬁ 53 &éaneg%p ?%% X?I'le sl%vgﬁqloo 'F%ﬁrfggon

bet ween the bearlng seats an
regi on ofStQ'W@S&)ﬁafﬁllamgtb@ameét wmbnseme@m@ds stetélfl uid dynam c bearing as Caim
9 wherein the region of |ow thermal conductivity

12. A fluid dynamic bearing as claimed in Claimed 9 wherein the thermal insulating
region comprises an air gap extending radially and axially along an outer surface of the
15  sleeve.

13. A fluid dynamic bearing as claimed in Claim 12 wherein the air gap extends axially
along a region between the bearing seats and cones, but not radially overlapping the

region of the bearing seats and cones.

14. A fluid dynamic bearing as Claim 9 wherein the region of low thermal conductivity

20  comprises a cylindrical shield comprising engineering plastic.

15. A fluid dynamic bearing as claimed in Claim 12 wherein the bearing seat

comprises stainless steel, and the hub comprises aluminum.

16. In a disc drive comprising a housing and a base, and a spindle motor supporting
at least one disc for rotation, the motor comprising hydrodynamic bearing means
25 comprising fluid for supporting the disc for rotation, and means for thermally insulating the

fluid bearing from the surrounding environment.

- 11 -



20 conprises a cylindrical shield conprising engineering plastic. 15. A
fluid dynam c bearing as clained in Caim112 wherein the bearing seat
conprises stainless steel, and the hub conprises alumnum 16. In a di sc
drive conprising a housing and a base, and a spindle notor s PP PR

| east one disc for rotation, the notor conprising hydrodynamc bear| ng
means 25 conprising fluid for supporting the disc for rotation, and neans
for thermally insulating the fluid bearing fromthe surrounding
environment. 2 4 APR 2006 17. A disc drive as clainmed in claim 16 wherein
t he neansq#or } I - ial i ing.l ayer
radially ﬁ]t erﬁegﬁéﬁgétaﬁg%?ﬁw fnstﬁaﬁ thh@%;g'ﬁ%ﬁg]%g% g)r 'HSB @é ”quaﬁ med in
cl ai m 17 Gseréerantish nspiating lalyer radmﬂulrmrmeglammrfIUMCaheﬁubl rcunferenti al
ceramic layer. 19. A disc drive as clainmed in 16 wherein the neans for

i nsul ting,gonpgises, .an air ween a sl eeve supporting a notor shaft
for rotat éc:)n d a'sﬁdﬁﬁ%a§ﬁlﬁﬁg?‘f'f‘ﬁg"'?ﬁg "Hieé%”ﬁrﬂﬁme?@ﬁg’fi%H'at"Z@COW%ﬁ%@ drive

as cl & nedrcumferbatiancdr@miiay&i n the air gap extends along a region 10
bet ween the bearing seats and the cones, but radially overlapping the
region of the bearing seats and the cones.

19. A disc drive as claimed in 16 wherein the means for insulting comprises an air gap

between a sleeve supporting a motor shaft for rotation and a hub supporting the disc for
rotation.

20. A disc drive as claimed in claim 19 wherein the air gap extends along a region

10 between the bearing seats and the cones, but radially overlapping the region of the
bearing seats and the cones.
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