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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to the field of hydrodynamic bearing assemblies
of the type, which provides support and rotation for a high-speed spindle element.
10 More specifically, the present invention relates to an improved apparatus for reducing
variations in spindle stiffness and power as a function of temperature.

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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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
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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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25 Ef f or tY54Ve been made to nodify the fluid used in the fl ui d dynanic
bearing gap to mnimze the changes in viscosity with changes in
temperat ure; buis aduterfobjécthée 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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fluid dynam c bearing, and the hub and surroundi ng environment in which the
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coni cal ©n 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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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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relevant to this invention. The motor as shown in part comprises 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.
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much as is relevant to this invention. The notor as shown in part conprises

a stationery shaft 40 supported by spaced bearing cones 42, 44 which are
suppaiot ed fr ormigre satratesAhe BRmige M ruredlredf ( I@ﬁ?%eﬁ‘sd@teh%epétg?é'fgreﬂe The

beari ng seat 44 provides the cooperative surface w't earing cones 42
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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



nore discs 64 for high speed constant rotation. This sane outer hub
supports a back iron 66 and magnet 68 which would be ali nid with stator
70 to cause rotation in response to current signals, as i&stwAPR 206pwn. -7
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cur r ent pigiseht inentionfie teebe ésunidrin #rebfobowingeigiesat ure. As set forth in the
probl em st at ement above, this is considered a highly material nodification
of previously achieved differences in run current, relative to prior art
approaches. An alternative approach is shown in Figure 4; as conpared to
Figure 2, the nale cones and shaft of the conical bearings are not evident
inthis view, only the 25 bearing seat. In the enbodi nent of Figure 4,
rather than use a ceram c sl eeve as




shown in Figure 2, an air gap 400 is defined in the outer surface of the

sl eeve 410. This air gap occupies the maxi mum ambunt of space in the
radial direction which is possible to be used w thout weakening of the
structure of the sleeve, and extends in this exenplary enbdd i PRt 2ppgout
fromthe 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 2 4 APR 2006
WO 03/ 036CLAINPEP/ USO2/ 34644 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 female cones 430, and 432 defined in
the sl eevk 410Aflpd qY§a'R‘|¢dW’t"'ﬂ@|atlptmrﬁmqmsleava@‘rq/sftaﬁ\mrtrletanmtotatrcmnﬂfeer
character I A def i ned air
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achi eved RfarRgseatanene ofithrseris coopartingovith eashwof tenedndsgo albfinea ge;scrl bed
approach V. nal e cones
shovvn@::n %Mﬁé*e%;cgﬁgr%?*% %%?'?‘"ﬁ’g”?Z%?%Wgﬁ'”ngﬁég‘{%% #ﬁyﬁf e cones;
and/ or fdle'agh%f%ﬁm ang @ regien ofi low thetrhi‘@teonﬁaytl\/ldeOotahetutem;uéamead)fsthe hat may 10
be used V!tééte'f@r\/\brbh%a%i.erﬁﬁr‘,ﬂ%étdﬂ fB%th%‘éﬁth%ﬁdﬂ{éqél rté’ﬂgtﬁ@ Bl
especial ly for ceramc ri eatures an ages of t he

i nvent i orfynamic tpﬁ@rr'@awatm@veem %I@wtlemweraﬁurete@vmrtmemo studies this invention
di scl osure. Therefore, the scope of the present invention is to be found

inthe follow 2 4 APR 2006 .. A fluid dynam c bearing
support i % s‘P &%@Qymw?ﬁ%tg ?%?'a'f”lﬁddt(‘%\?ém 1O\e/t&erp@,{he fegon %fﬂawth%@ai ng a
pai r 16f ndmt&e;parra;brtsésaldimqntéﬂ@nt&haértamdlbﬁers| eeve conprising a pair of
beari ng seats one of the seats cooperating with each of the cones to
define a gap 5 between the cone and the seat, fluid in the gap supporting
the sl eeve and SHAPynarge bearngas claimedtimtiaiom chlatheegem comprises t her mal

conduct i \&diMestad) SAHLEL ve for providing thernal
i nsul ati on If((e)r ?he shaftsandét e'sg% 3%&2635?{92% the fluid dynam c bearing

warmeven in a |low tenperature environment. 2. A fluid dynam c bearing as
clai med i4n Cl & fhoid dydaetie beariryeas @gied i Cldimw witgsiRahe 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
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10 conductivity conprises a circunferential ceramc layer. 3. A fluid
dynam c bearing as clainmed in claim1 wherein the sleeve conprises .
stainl ess steel and the shaft conprises stainless steel. 4. A fluid dynamc
bearing as clainmed in Claim| wherein the thermal insulating ’fr,é;mqmgﬁ
conprises an air gap extending radially and axially along an outer surface
of the 15 sleeve. 5. A fluid dynam c bearing as clainmed in Caim4 wherein
the air gap extends axially along a region between the bearing seats and
the cones, but not radially overlapping the region of the bearl\rll\g seats ]
and the cng: ; [ ' [ I in Claiml erein the
regi on of %IMS'\?vetr gtrldr?nwélg%d%ngucﬁe\gﬁ@ ”(q:%frlrlg?Fgrﬁaagh'g%g?llﬁ]gn%ﬂp(?aﬁngsahﬁl%efvﬁ .
conpri si ngdsgitierielatye ptatim, the shaft Aafihgiacdaityai aomes deparatedyalasg Meaéhﬁﬁdhl B
Claim4 (Y] L Ng; IS [ t eel n e hu
conpri se\é\mglsﬁér?ioﬁgﬁﬁpggﬁ%b% ?ﬂ?gﬁﬂﬁgm@%{sbgg? ?ﬁégggétgl%g?ﬁrfeégt'q%w' éilfi t_h‘? 4

wher ein toRAes tedefinecoorn befwsen Hieaionk @sd thu st faittinthegahaigpodonhée ses

st ai nl ess i | i S ri.ve, conprising
o ahat s s A stanr (el R B reoln i b afecnGudliy 8o aE WRsr ¢ an
t he sl eevairigee atths sinsye fardréviding thermainQOBNIfed the ishaft and tieisteevbyo Redd ﬁu ?
dynam c Iy i Lo REAS rti sl eeve and shaft
for rel a’?ﬁ%@hlgo E%r?%nﬁjelaﬁhgwgﬁggpérﬁgw nge [r)a;?'%peo vFré%%th. separated al ong the
shaft, the sleeve conprising a pair of bearing seats, one of the seats

cooper at i1y WA huiekybdrficbeammess &igintef ih Taid DRRerBRLNE &idh6r I6RRAaf t he
sl eeve and shaft” for relative

seat, fluid in the gap supporting the

r ot atlpon,coﬁﬂldcq%{'twgﬂﬁ%%eﬁfa "GW“fer'i%?thFeréB‘l'f‘dG&ri vity on an outer surface of
the sleeve for providing thermal insulation for the shaft and the sleeve to
keep thef!l ui 16 - ) - : erature environnent.

10. A fl ﬁi1d dyﬁﬂg%ace:%gge@rc?%gﬁ@%c%ﬁ{rgg??lﬁ'%géﬂ% %r%ﬁmieesfj%efvﬁ C[OHED"F%Sgl on of | ow
t her mal st@nlegmetaeltandithe shadhgansisss atadilgssistdedr ent i al ceramic | ayer. 11. A
fluid dynam c bearing as clained in claim9 wherein the sleeve ]glc)np(rjl ses
stai nl ess _stegl, and the shaft conprises stainless steel. 12. A flui

dynani ¢ Béari 2‘9” %giﬁ'?aéﬁ" ganng a3 deimed v Claeed P wherrin thedharmal insylating i ng

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.
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region conprises an air gap extending radially and axially along an outer
surface of the 15 sleeve. 13. A fluid dynamc bearing as clained in Caim
12 wherein the air gap extends axially along a region between the bearing
seats and cones, but not radially overlapping the region ofthhqt g
seats and cones. 14. A fluid dynam c bearing as Caim9 wherein the region
of low thermal conductivity 20 conprises a cylindrical shield conprising
engi neering plastic. 15. A fluid dynam c bearing as clained in Caim12
wherein the bearing seat conprises stainless steel, and the hub conprises
al um num 446. ' [ ) and a

spi ndl e rrz)?}or él%%é}?#/;éﬁagraw@? @?E%Jn%e Iré;‘lgl?r?é‘ﬁ]'egﬂ go'?%osﬁ'a?ﬁigo%?%%sa
conpri si n‘@jrqbiy‘tﬂ@féﬂf‘y%W@tlmmﬁh@dwmmrmdMelfwld@dtha|hdbf or supporting
the disc for rotatlon and neans for therrrally insulating the fluid

beari ng fLé’ ﬁisurroundéawq q;:nw ronment. 4 APR 2006 17. A disc drive as
cl ai med i St lMih v slafnechia clamHd WWG'PN&‘%’W&?"’%@wHﬁFm%@@ﬂ@nsesa

ci rcurff erc&‘mhrrwéremtmuératmmlgyérayer radially intermediate the fluid and the
hub. 18. A disc drive as clainmed in claim 17 wherein the neans for
insulating conprises a 5 circunferential ceramc layer. 19. A disc drive
as cl ai metP.i n Adisadverncininechindbsvteoein thesmbansigr Deuling sersprésesainraigHp

bet ween Vv r t on _an porting
he di sc ot EsEdREaiibihak FBLR LB toratn i AR BP G IR T e n ¢ e
air gap €ftaépRls al ong a region 10 between the bearing seats and the cones,
but radially overlapping the region of the bearing seats and the cones.

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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