-1- DISC STORAGE SYSTEM W TH HYDRODYNAM C BEARI'NG The present inventfn?281-%
rel-ates t6 magnetic disc drive stordfge systens. Mre specifically, thfP05 '
present invention relates to a hydrodynam c bearing for use in a magneti .
di sc drive storage system Magnetic disc drives are used for nmagnetically Py
storing information. In a magnetic disc drive, a magnetic di.sc rotates at

hi gh speed and a transducing head "flies" over a surface of the disc. The

t ransduci ng head records information on the disc surface by inpressing a
magnetic field on the disc. DISOSTORAGE §¥STEMWHALK usi ng the head by
detecting magnetization of the disc surface. The tragnsducing head is noved

radial |y across the surface oHYDRORYNAMIG BEARING {ferent data tracks can

be read back. Over the years, storage density has tended to increase and
the size of the storage system has tended to decrease. This trend has | ead

Lo grealer prafk HralniiifertielGEiald 1o nHdic' fisd BAVIBOHEGYMERRD Mg oPerating
of magnetic storage discs. For exanplé€, .

specifically, the present invention relates to a hydrodynamic bearing for use in a

magnetic disc drive storage system

Magnetic disc drives are used for magnetically storihg information. In a
magnetic disc drive, 2 magnetic disc rotates at high speed and a transducing head
"flies” over a surface of the dtsc The transducing head records information on the
disc surface by impressing a mégnctic field on the disc, {qformation is read back
using the head by detecting magnetization of the disc surface. The transducing head
is moved radially across the surface of the disc so that different data tracks can be
read back.

Over the years, storage density has tended to increase and the size of the storage
system has tended to decrease, This trend has lead to greater precision and lower
tolerance in the manufacturing and operating of magnetic storage discs. For example,
to achieve increased storage densities the wansducing head must be placed
increasingly close to the surface of the storage disc. This proximity requires that the .
disc rotate substantially in a single plane, A slight wobble or run-out in disc rotation
can cause the surface of the disc to contact the transducing head. This is known as a
“crash” and can damage the transducing head and surface of the storage disc resulting —
in loss of data. |

From the foregoing discussion, it can be seen that the bearing assembly which )
supports. the storage disc is of critical importance. ~ One typical bearing assembly

compriscs ball bearings supported between 2 pair of races which allow a hub of the



to achijeve increased storage densities the transduci ng head nust be pl aced
I ngreasingly close to the surface of <t2lte storage disc. This proximty
requires that the disc rotate substantially in a single plane. A slight
wobbl e or run-out in disc rotation can cause the surface of the disc to
contact ‘the transducing head. This is known as a "crash" and can damage the
transduci ng head and surface of the storage disc resulting in |oss of data.
From the foregoing discussion, it can be seen that the bearing assenbly

whi ch suppetkolage i@ t6 rOBRGBIaNE® 4 Hx&f metbdrl CHOweVER MallaRalng S33Emblasi Cal
beari ng assenbly conprises ball bearings supported between a pair of races

whi ch al | ohawe marty roéchaiical problezns sutloasawer dugeut and munfasturiag alifficeltien a fi xed

menber. However, ball beari ngruassenbl i es have many mechani cal_ probl ens such
as wear, rUfHUPCENRES SRR SIS o alteamative bepanEe asserphliss fof wss avithabigheen

search ford@flsit?'h@&éﬁ\éest&fg%rdiﬁg. assenblies for use with high

One alternative bearing design which has been investigated is a hydrodynamic
bearing. In a hydrodynamic bearing, a lubricating fluid such as air or liquid provides
a bearing surface between a fixed member of the housing and a rotating member of
the disc hub. In addition to air, typical lubricants include oil or ferromagnetic fluids,
Hydrodynamic bearings spread the bearing interface over a large surface area in
comparison with a ball bearing assembly which comprises a series of point interfaces.
This is desirable because the increased bearing surface reduces wobble or run-out
between the rotating and fixed members.

However, hydrodynamic bearings themselves suffer from a number of
disadvantages. These disadvantages include a low stiffness-to-power ratio and a
likelihood of damage due to gyroscopic precession. These problems lead to a high
sensitivity of the bearing to external loads or shock.

 Figure 2 is a cross-sectional view of a prior art drive spindle assembly 30
having a hydrodynamic bearing. Spindle assembly 30 includes a rotating hub 32
which rotates relative to a fixed shaft 34. Hub 32 includes sleeve 33 which receives a
grooved journal 36 of fixed shaft 34. The hydrodynamic bearing includes
counterplate 38 coupled to hub 32 and thrust plate 40 coupled to shaft 34. A -~
hydrodynamic fluid 42 is carried in gaps between the fixed portion of the
hydrodynamic bearing and the rotating portion. In operation, as hub 32 rotates the

hydrodynamic fluid 42 is causcd to circulate through the hydrodynamic bearing. The



density magnetic storage discs. One alternative bearing design which has
been investigated is a hydrodynam c b&aring. In a hydrodynam c bearing, a
| ubricating fluid such as air or liquid provides a bearing surface between
a fixed menber of the housing and a rotating menber of tHenlsSHEEYHAS BEEN
addition to air, typical lubricants include oil or ferromagnet REP diis
Hydr odynam c bearings spread the bearing interface over & S-h- :
area in conparison with a ball bearing assenbly which conprises a series of
poi nt i nt efylddédyRamithflfidi Sepf@fes 'iAd | BraBRE Paftfons eorh NE¢ faea dpdifieds agd sur f ace
reduces wobbl e or run-out between the rotating and fi xed nmenbers. However,
hydr ody nanprovidesa beaging suréace tembstweed.f er from a nunber of di sadvant ages.
These di sadvant ages include a | ow stiffness-to-power ratio and a |ikelihood

of danmage due WUt $ews direasiont dz andymp. Rimession Aoy digdigneter elthaushi gn

sensitivity of  the bear] t ernal | S FQUrge 2 is a
cross-sectﬁﬁ% é"P a&?&vls(a)tﬁé %yé’s&?}fQwsta‘rafq/@?btgﬁ%ﬁeﬁ%gsgg\ﬁgf@%avi ng a
hydrodynani ¢ bgabi to%a'bragiea &ﬁﬁ@g&k& t Blediio 1898 5 @oviéPigpatinldr 32 whi ch
rotates relative tdg%a fixed shaft 34. Hub632 i ncl udes sl eeve 33 which
recei ves asupporting at least one disc for rotation in a storage system, the apparatus comprising

a rotatable part for connection to the discs and a fixed part, between which is formed
hydrodynamic bearing, characterised in that, at the interface between the rotatable and
fixed parts forming the hydrodynamic bearing, the width of the rotatable and fixed
parts varies along the axis of rotation of the rotatable part .

One arrangement of the magnetic disc storage system includes a base and a
rotatable magnetic storage disc having an axis of rotation. A transducing head
proximate a surface of the disc is used for reading and writiné information on the disc
surface. A rotating member attached to the disc rotates about a 'ﬁxed member
attached to the base on an axis of rotation. The rotating and fixed members form a
hydrodynamic bearing therebetween having a surface which forms an interface
between the two members. Arigles of the intexface relative to the axis of rotation are
‘acute. In one embodiment, 2 width of the inner face proximate a central portion of
the bearing is less than a width of the inner face distal the central portion. Width is
measured in a direction perpendicular to the axis of rotation.

In one embodiment, the interface forms a portion of a sphere which rotates ina —~
sphere-shaped sleeve.

In one embodiment, the hydrodynamic bearing is manufactuced using a process
involving metal injection moulding and may include grooves therein for interacting

with a fluid. The axial position of the bearing is determined using a self-positioning

_—

This Sheet Has Been

i



grooved journal 36 of fixed shaft 34. The hydrodynanic bearing includes
counterplate 38 coupled to hub 32 and4thrust plate 40 coupled to shaft 34.
A hydrodynamc fluid 42 is carried in gaps between the fixed portion of the
hydr odynam ¢ bearing and the rotating portion. In operation, as hub 32
rotates the hydrodynamc fluid 42 is caused to circulate through the

hydr odynam ¢ beari ng. The -3- hydrodynam c fluid separates the rotating
portions fromthe fixed portions and provides a bearing surface

t her ebet we@Bhnidiiediar ®hidh Hhe Bearfhi N6 NGRS CAIST pdsitionel [wethin] theAiseBatage [err] is
the dianmeter of thrust plate 40 and [err] is the thickness of thrust plate

40. Fi gur esyaterl suchs Hatvgolemnes drerleds Adioal.dimgne cemhodinzmpetiis aficludee pr esent
invention there is provided apparatus_ for Sli&[;orti ng_ at | east one disc for
rotation iiRcgtag girige by ydredynamic hppingasucl tas AoBIns Phificainesfagt 0% part for
connectionwhgintpl;lgdeginﬁﬁ‘gdﬁ%s‘a fixed part, between which is forned

The fixed member of the storage system may be a shaft. An upper seal may be
provided, and the shaft may extend therethrough for coupling for to a cover of the
storage system.

Alternatively, the rotating member of the storage system may be a shaft.

Th_e shaft may have a first spherical member attached at one end and a second
spherical member attached at the other end. The member which co-operates with the
shaft may comprisc a sleeve which is shaped for receiving the first and second
members. The spherical members may be attached to the shaft by an adhesive. Also,
a coefficient of thermal expansion of the sleeve may be greater than a coefficient of
thermal expansiqn of the shaft. The sleeve may include an expansion sleeve
extending between portions for receiving the first and second spherical members, and
which has a coefficient of expansion greater than a coefficient of expansion of the
portions receiving the first and sécond spherical members. In this instance, the first
and second spherical members and the shaft may have expansion coefficient
substantially equal to the expansion coefficient of the expansion sleeve.

The interface may have a width at a proximal end reletive to the rotating
member which is less than 2 width at a distal end relative to the rotating member. -

The hydrodynamic bearing may include a curved portion received in a curved
sleeve forming a gap therebetween_ for circulation of hydrodynamic fluid.

The storage system may be one using either magnetic discs or optical discs.



hydr odysham ¢ bearing, characterised in that one of the rotatable part and
the fixed part conprises an el ongatedShaft having a dome-shaped nenber at
one end thereof, and the other of the rotatable part and the fixed part
conpri ses a sl eeve shaped for receiving the done-shaped nenber. One
arrangement of the magnetic disc storage systemincludes a base and a

rot at abl e magnetic storage disc having an axis of rotation. A transducing
head proxi mate a surface of the disc is used for reading and witing

i nformation onThé@ydtodfnamiy bacitg &emgwaﬁﬁmrinmmmxm fobee di sc
rotates about a fixed nenber attached to the base on an axis of rotation.

The rot at i mgrespehsé iocecbbls repw dr @ymseopiny/precsssieraef the bessingng t her ebet ween
havi ng a surface which forns an interface between the two, nepbers. Angl es
of the interfaFar# BEUSK upderstandingotahg pregont inyention ormbgdimety it vill pawdige
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Wdth i's mgggared in a direction perpendicular to the axis of rotation. In
one enbodi nent, the interface forns a portion of a sphere which rotates in
a spher e- shape#igukecd\ie.an exploded perspective view of a magnetic disc storage system

including a hydrodynamic bearing in accordance with the invention.

Figure 2 is a cross-sectional view of a prior art spindle assembly.

Figure 3 is a cross-sectional view of the spindle assembly of Figure 1.

Figure 4 is a cross-sectional view of a hydrodynamic bearing cartridge in a
rotating shaft design.

Figure 5 is a cross-sectional view of a hydrodynamic bearing cartridge in a
fixed shaft design.

Figure 6 is a cross-sectional view depicting assembly of a portion of a
hydrodynamic bearing. _

Figure 7 is a cross-sectional view showing assembly of a hydrodynamic bearing
in accordanée with the invention.

Figure 8 is a cross-sectional view of a spindle assembly in accordance with
another embodiment.

Figures 9A and 9B are cross-sectional views of another embodiment illustrative
of a technique for thermo-compensation. =

Figure 1 is an exploded perspective view of a magnetic disc storage system 10
in accordance with the present invention. Storage system 10 includes base 12 having
drivc spindle 14 which rotatably carries storage discs 16. An armature assembly 18

moves transducing heads 20 across surfaces of discs 16. The environment of discs 16



I n one ;enbodi nent, the hydrodynam c bearing is manufactured using a process
i nvol ving metal injection nmoul ding anfi~may include grooves therein for
interacting with a fluid. The axial position of the bearing is determ ned
using a sel f-positioning REPLACEMENT SHEET -4- technique in which the
bearing is automatically positioned within the disc storage system such
that tolerances are less critical. In one enbodi nent, this includes
injecting air into the hydrodynam c bearing such that a gap of the

i nterface issedied byvsdah2D and echer @i Inandedation, t discs THaohiexas dighestoed while t he
storage systemmay be a shaft. An upper seal may b prov'd%giis nd the shaft
may ext endransdycinghesds B0 agrmeusd sadiglly acepss the S&ffé%@?d’d?s the @ﬁﬁb’% system

Alternati Ve, Meiuding néads 26 1" Rad B ite magnitcaly 2héEd IAGHRILABY shitads Shal t-
of discs 16 at selected locations,

Figure 3 is a cross-scetional view of spindle 50 for disc drive storage system 10,
shown in Figure 1. Spindle 50 inciude.s rotor 14 rotatably coupled to shaft 52. Shaft
52 includes upper hemisphere portion 54 and lower hemisphere portion 56 received in
sleeve 58. Shaft 52 is fixedly attached to base 60. Sleeve 58 receives journal 62 of
shaft 52 and has upper hemisphefe-shaped receptacie 64 and lower hemisphere-shaped
receptacle 66. A fill hole 68 is also provided to fixed member 52 and rotor 14
includes counterplate 70.

Figure 3 also shows dimensions e and dj. Dimension ej is the thickness of
hemispheres 54 and 56, and dj is the distance of a line which is tangent 10 a
hemisphere 54,56 and which passes through the center of fixed member 52. Figure 3
also shows a force PRj. As shown in Figure 3, the hydrodynamic interface 55
formed by portions 54 and 56 forms an acute angle with the axis of rotation 57 of
spindle 50. “

In operation, the bearings shown in both Figure 2 and Figure 3 are
hydrodynamic bearings in which a lubricating fluid such as oil circulates through gaps
between the fixed member and the rotating member. Rotation of fhe rotating member
causes the lubricating fluid to circulate. As shown in Figure 3, oil is trapped in the ——
hydrodynamic bearing by a diverging capillary seal 72.

The invention resulted from a desire to improve the performance of
hydrodynamic bearings with regard to external loads and shock., One éspect of the

invention is directed to reducing the effects of gyroscopic precession on the motor.



The shaft may have a first spherical nber attached at one end and a
second spherical nenber attached at tHe other end. The menber which
cooperates with the shaft may conprise a sleeve which is shaped for
receiving the first and second nenbers. The spherical nmenbers nay be
attached to the shaft by an adhesive. Al so, a coefficient of thernal
expansi on of the sleeve may be greater than a coefficient of thermal
expansion of the shaft. The sleeve nmay include an expansion sl eeve
ext endi ng Wetothee aspsctr ofi them invemtionrie dizectédnty strargtiidning: theymptards dertnssofhitsr i cal
menbers, and whi ch, has a coefficient of expansiqn,%reater than a

coef fi ci ent3bdity B wishstand sxigrmal loadsaad shopk Without-SuytaiinEdRmags- st -and second

spherical nenb ) .S Lnst.anc e.first . l.al nmenbers
and the shart ey SOSReS HERERA Kerbrlnc bR ol BuRERC R BE R, (O
expansi on Gghbkt 6 RpéctsOfhitiMcRgpansi on sl eeve. The interface may have a
width at a proximal end reletive to the rotating nmenber which is | ess than
a wdth at a dilstal Bwrkasing tieistiffndso td fosver edtimt (roekingeudde) of thébednipgr odynani c
bearing may include a curved portion received in a curved sleeve formng a
gap therebet we@n f or Ierersing Heibsaringfcontaetanepand SRRTNG P dine $PACSt or age system

may be one usi 49 el t n%{-caﬁﬁ‘é’ rkﬁé ib%néjx{lgs Cs?rcr?grth Oa%%i &ﬁ’i’ncgsi of Sthe shaft/bearing
structure. |
The angular stiffness to power ratio of a hydrodynamic bearing is proportional
to Oength_)z_ + (gap)z, where the length is the moment arm (d) of the restoring force
and the gap refers to oil thickness within the bearing. As further reduction in gap size
is difficult, the length term is altered in the embodiments. As the height of the motor
is generally fixed, the motor topology is changed. This was done by incorporating a
bi-spherical configuration, as shown in Figure 3. |
As shown in Figure 3, a "bi-spherical” hydrodynamic bearing is provided. The
stiffness of the bi-spherical bearing is increased over that of a bearing with a flat
thrust plate, as shown in Figure 2. In the bearing with a flat thrﬁst plate, the angular
restoring moment (dM/d0) is a function of the thrust plate diameter dy but not the
overall length of the bearing or the distance from the thrust plate to the center of the
~bearing journal. This is not the case for the bi-spherical bearing. As can be seen
from Figure 3, the moment arm d is a line drawn tangent to the hemisphere which —
passes through the journal's center. As the overall bearing length increases, the
stiffness to power ratio will go up by (length)z. As compared to the bearing shown in
Figure 2, the bi-spherical bearing in Figure 3 will have an angular stiffness increase

of 20% with no increase in power consumption.



-5- The hydrodynam c bearing assenbly may provide an increased restoring
force in response to wobbl e, run-out-8r gyroscopic precession of the
bearing. For a better understanding of the present invention, enbodi nents
it will now be described by way of exanple, with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 is an expl oded perspective view
of a magnetic disc storage systemincluding a hydrodynam c bearing in
accordance with the invention. Figure 2 is a cross-sectional view of a
prior art spi neeahRSKRdidrshodk, B cBnisetirlaRd Wasge, I€Mcteatal as \theeYor@det t he
spindl e assenbly of Figure 1. Figure 4 is a cross-sectional view of a
hydr ody nansurfabasaare negsensially batlj@and rsocket geiatsi nip othaf twqiésslgmtacFuagmadeS is a
cross-sectional view of a hydrodynam c_bearing cartridge

between two spherical surfaces with almost identical radii, separated by a f Im of oil.
The increased structural strength of the bearing may be provided by three
factors:
1. The narrowest poction of the shaft (the journal center) is shorter in the

bi-spherical design.

2. The stress concentrating geometry at the bottom of the shaft has been
removed.
3. The hemispheres are approximately twice as thick as the existing thrust

plates for the same size motor, thus the retaining force due to a press fit, or adhesive,
will be twice as great. Also, the thicker cross section should allow 2 greater press fit
interference with less distortion of the hemisphere.

The following equations show an advantage of the embodiment as shown in
Figure 3 in comparison to the prior art shown in Figure 2. The restoring moments
for the bearings shown in Figures 3 and 2 are, respectively:

Mg) =  2diPry Eq. 1

Mp2 = 2d9PR2 Eq. 2

For the examples shown in Figures 3 and 2, d; = 2d9 such that if the forces
PRrj and PRy are the same, Mg = 2ZMR2. As shown in the Figures, this advantage
becomes greater as the overall height of the joumnal increases. In this example, the ——
stiffness of the bearing of Figure 3 is twice that of Figure 2. However, the power loss
is slightly greater using the bearing of Figure 3 than that of a typical prior art
bearing. This power loss is much less than twice the power loss of the conventional

bearing of Figure 2. The increased power loss is due to the increased surface area of



fixed shaft design. Figure 6 is a cross-sectional view depicting assenbly
of “a portion of a hydrodynanic beari A8~ Figure 7 is a cross-sectional view
showi ng assenbly of a hydrodynam c bearing in accordance with the ,

i nvention. Figure 8 is a cross-sectional view of a spindle assenbly in
accordance wth anot her enbodi nent. Figures 9A and 9B are cross-sectional

vi ews of another enbodinent illustrative of a technique for

t her no- conpensation. Figure 1 is an expl oded perspective view of a nagnetic
di sc storage biypherivall Bedring acThis,dfuRcsxaimple]) aisimes tiees grhbrical\besingohas &t or age
system 10 i ncludes base 12 having drivc spindle 14 which rotatably carries
storage di digmews of A6 mmreerws an Ssmandinmetenthnst plate ofFigee - nysingdbrse 20 acr oss

SUTTaCes O eiets increasing thé bearing Tength by 4.9 minindréases the angular stiffness

approximately 30%. If an 8 mm diameter hemisphere is used and the bearing spacing
is not increased, the angular stiffness will increase over 200% (as will the power
consumption). '

The embodiment as shown in Figure 3 also has irﬁproved alignment and
strength over a conventional design as shown in Figure 2. This is because the
engagement thickness e} of spindle 50 is twice the engagement thickness ey of
conventional spindie 30. The increased thickness €], where a hemisphere attaches to
the shaft, provides a stronger connection between the hemisphere and the shaft in
comparisdn 1o the prior art thrust plate and shaft shown in Figure 2. This increased
area can be used for bonding the hemisphere to the shaft. Another advantage of the
embodiment is that during tilt (gyroscopic precession), contact between a hemisphere
portion and the sleeve will not be an edge contact as in a conventional design.
Instead, the contact will be one smooth surface rubbing against another smooth
surface,' for example the curved surfaces of the hemispheres. This causes the load to
be spread out over a much greater area than in typical prior art designs.

The present invention also includes methods for assembling the hydrodynamic
bearing assembly shown in Figure 3. In one embodiment, sleeve 38 is made of
aluminum which is heated to a temperature above ambient temperature, such as 90° C —
above ambient temperature, so that it expands. For example, if the expansion were
0.8 pm/mm and the sleeve had a height of approximately 10 mm, the overall
expansion would be approximately 8 um, or 4 um for the top side and 4 um for the

bouom side. While the sleeve is heated, the hydrodynamic bearing could be



I s seak’ed by seal 22 and cover 24. In operation, discs 16 rotate at high
speed whil e transduci ng heads 20 are~#Bved radially across the surfaces of
discs 16. This allows transducing heads 20 to read and wite magnetically
encoded information on surfaces of discs 16 at selected |ocations. Figure 3
IS a cross-sectional view of spindle 50 for disc drive storage system 10,
shown in Figure 1. Spindle 50 includes rotor 14 rotatably coupled to shaft
52. Shaft 52 includes upper hem sphere portion 54 and | ower hem sphere
portion 56 asembiedgdct thashenfispheleDortiona st ahd Sburd alloddtd \to abritast ikdvd §8.base 60.
Sl eeve 58 receives journal 62 of shaft 52 and has upper hem sphere-shaped

recept acl e Asahasicevesapls. ihwill leptesr € xatgapdetest epshdemispb@e apd the|sleendl e 68 i s
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which is tangent to a I ch passes thr center

of fixed thed- diffeeite would o FdA0MEd. aEXANME tb@inigues Aor ARSMg @ Fi gure

3, the hydrodynam c interface 55 forned by portions 54 and 56 forns an

acut e angl demisphere he a ghaft inofude:otbahding) Hpress fitting, swaging, threading (i.e. the
two parts are screwed together) or laser welding. | '

Another embodiment includes making the hydrodynamic bearing as a discrete
cartridge. This is attractive in a rotating shaft design because the hub is attached after
the bearing is assembled. Such a design is shown at Figure 4. Figure 4 is a cross-
sectional view of drive spindle assembly 100 for a rotating shaft design. Spindle
assembly 100 includes hub 102 attached to shaft 104. Hemisphere portions 106 and
108 are connected to the top and bottom of shaft 104, respectively. Portions 106 and
108 and shaft 104 arc received in fixed sleeve 110 which includes hemisphere
xeceiving portions 112 and 114 for receiving portions 106 and 108, respectively, and
Jjournal recetving portion 116 for receiving journal 118 of shaft 104. In the
'embodiment of Figure 4, shaft 104 and hemisphere portions 106 an& 108 rotate in
sleeve 110 along a hydrodynamic interface thereby allowing hub 102 to rotate. In
this embodiment, hub 102 can be bonded, screwed or otherwise attached to shaft 104
of the bearing cartridge followiné assembly of the bearing cartridge.

Figure 5 is a cross-sectional view of a cartridge-type design hydrodynamic -
bearing having a fixed shaft 120 which is attached to base 121. Shaft 120 is attached
to hemispherical portions 122 and 123 and is received in rotating sleeve 124, Qil
circulates through passageway 126. Qil within the hydrodynamic bearing is retained

using diverging capillary seals 125.



spi ndl e&-50. In operation, the bearings shown in both Figure 2 and Figure 3
are hydrodynam c bearings in which a=}ubricating fluid such as oi

circul ates through gaps between the fixed nmenber and the rotating nmenber.
Rotation of the rotating nmenber causes the lubricating fluid to circul ate.
As shown in Figure 3, oil is trapped in the hydrodynam c bearing by a
diverging capillary seal 72. The invention resulted froma desire to

i nprove the performance of hydrodynam c bearings with regard to external

| oads and shocCiyne (AAnigsd &St foRthing REhéri¥stiakd BNadcBrddhdecwitle thd MveMibaCisng t he
effects of gyroscopic precession on the notor. -7- Anot her aspect of the

i nventi on imetadlinjentibe cholding t Fignptéhis i ongps-sévtionad tview ofm heamispheddal ipogioabi ity to

wi t hstand external |oads and shock wi thout sustaining damage, The

embodi nent §ormed hyr el Hisshen molding. HaJdeyred. derisphere pomies 130 susawa
prior to mouating on shaft 132. Radial oil grooves 134 arc formed in the top of
portion 130 during molding. Portion 130 includes relief area 136 for oil backflow.
Additionally, relief area 136 distributes forces on the outer diameter of portion 130
when portion 130 is used as a sﬁpport surface. Figure 6 éhows a shoulder mount
configuration where portion 130 rests on a shoulder of shaft 132. Attachment of.
portion 130 to shaft 132 may be through, for example, adhesive bonding.

Another technique for manufacturing & hjdrodynam_ic bearing is shown in

Figure 7. In this design, pressurized air is applied to inlet 140 of shaft 142 which is
received in sleeve 144. Shaft 142 is coupled to spherical portions 146 and 148.
Adhesive is applied between portions 146 and 148 and shaft 142. O-ring seals 150
and 152 rewin portions 146 and 148 relative to shaft 142. A force Fg is applied o
portions 146 and 148. This force balances the air pressure applied at 140 and is set to
a predetermined limit to determine the size of gap 154. The flow rate of the applied
air may be monitored to determine the size of gap 154. As an alternative to applying
a known force Fg to the bearing, members 146 and 148 can be held by a clamp which
allows a sufficient gap 154 to form when pressurized air is applied. The size of the
gap may be measured by monitoring the flow rate of the applied air. The adhesive
used for bonding should be a low viscosity anacrobic adhesive. It should be placed
along the inner diameter of the spherical members 146 and 148 prior to inserting the
members onto shaft 142. The positive air pressure prevents adhesive from flowing
into the hydrodynamic bearing area while O-rings 150 and 152 prevent the adhesive

from seeping out of the adhesion arca.



nunber Fof aspects which include: 1. Increasing the stiffness to power
ratio (rocking node) of the bearing. ~32- I ncreasi ng the bearing contact
area and ensuring no |line contact 3. i ncreasing the bending strength
and stiffness of the shaft/bearing structure. The angular stiffness to
power ratio of a hydrodynam c bearing is proportional to [err], where the
|l ength is the nonment arm (d) of the restoring force and the gap refers to
oil thickness within the bearing. As further reduction in gap size is
difficult, theFigusyBns aerosssectional oiemdlof spindie assexbbipti 168rit siccotdanchavithei ght  of
the notor is general|y fixed, the notor topolo | s changed. This was done
by i ncor po@ﬁ?‘gﬁfwm@brﬁﬂ‘?%ls%@ﬁmﬁﬁdp’&[ BB@]}%&’T‘%’HWCP fisgil§hr and3.  As

shomn |1 gy cliso SRIFIGE hen USTRAMEA: RSRCHOA, |8 Bged. e
With a flahefliphrt 100 McBivedin GRRNEE HEVE 13T Sledve 1T febGyGBimMBOIA 4 a fla
thrust plate, the angular restoring nonent [err] is a function of the )
t hrust pl atskaftilééretBre pprooftidaudf shaft 16Hds Qeadedaivith [sead g7, ahd owandleEMi ng or
the distance fromthe thrust plate to the center of the

extends therethrough. Hub spacer 178 is coupled to rotor hub 162, and carries

permanent magnets 180, Shaft 166 is received in base 18i, and includes fill hole

184. Fill hole 184 connects to passageway 186, which extends through the center of

shaft 166. Passageway 186 connects to center passageway 188 and distal

passageways 190. In operation, oil flows into passageway 186 through. center

passageway 188 and out distal passageways 190. This is indicated by arrows shown

in passageway 186.

Figures 9A and 9B are cross-sectional views of spindle 200 in accordance with

another embodiment, and are positioned to illustrate 2 technique for thermo-

compensation. It has been noted that the viscosity of the lubricant changes over the

operating range of a hydrodynamic bearing. This change has a pronounced effect on

the load capacity, stiffness, and pow& consumption of the bearing. Figures A and

9B illustrate a technique for compensating for the change in lubricant viscosity by

changing the gap size in the hydrodynamic bearing. In general, the gap size should

be reduced as the temperature of the bearing is increased. In Figures 9A and 9B,

spindle 200 includes expansion sleeve 202, sleeve 204 and shaft assembly 206, ~—

Thermo-compensation is achieved by utilizing a material having a low expansion

coefficient for sleeve 204, Similarly, expansion sleeve 202 and shaft assembly 206

(including the hemispheres) are formed of a material having a higher expansion

coefficient. Figure 9A shows spindle 200 prior to expansion, while Figure 9B shows



bearing journal. This is not the case for the bi-spherical bearing. As can
be 'seen fromFigure 3, the nonent armiPerr] is a line drawn tangent to the
hem sphere whi ch passes through the journal's center, As the overall
bearing length increases, the stiffness to power ratio will go up by
(length)2.  As conpared to the bearing shown in Figure 2, the bi-spherical
bearing in Figure 3 will have an angul ar stiffness increase of 20% wth no
i ncrease in power consunption. The threshold for shock, or contact

rel ated dangigle 208 it ACHreAGOEMPEratuiCth&® I RighreS9i ffolcWing BRrR6 eRpnkioh. ¥ bal |
and socket joints. In other words, contact is nade between two spheri cal
surfaces wiliibe 208rsiwawsi dierrticwamt change iin pesitior doetb bxpapsiéri betweén did twoThe

i ncreased structural, strength of the bearing may be provided by three

factors: 1.FiBures. THutngMeqrReess qideatingn therbepting saBexpandefbal pitpeiuplov®hter) is
shorter in r&@%hﬁ' the 9&? bf i@ Ico ng{egtg Expansion sleeve 202 spreads the bearing seats

apart at the same rate that the shaft and bearing hemispheres expand. This causes the
bearing seats to effectively shrink towards the hemispheres. This causes a
substantially uniform closure of the gap. The technique is iﬁdepcndent of shaft and
sleeve length because they are made of the same material. If the difference in
thermo-expansion coefficients between the two different materials is about 14x10-6
°C-1, a change in temperature from 25° C to 70° C will result in & 3.5 mm radivs
hemispherical gap closing approximately 2.2 um. These coefficients of expansion are
provided by aluminum and 400 series stainless steel, respectively. Note that the
expansion sleeve 202 should be flexible in the radial direction, where it attaches to the
bearing seat, in order to prevent the bearing seat from distorting as the assembly
changes temperature. | |

In the embodiments described, the interface of the hydrodynamic bearing is
extended over a greater area fhan in pdor art designs. This provides increased
bearing stiffness and stability. Further, the restoring moment is determined based
upon the Jength of a line which extends from the center of the journal to an outer edge
of the bearing member. In typical prior art designs, the hydrodynamic bearing
interface is at a perpendicular angle with the axis of rotation. However, in the
present invention, an angle between the interface and the axis of rotation is acute, i.e.
it is not parallel. This is achieved by making the 'bear'mg have a narrow width at an
irmer side and widen towards an outer edge of the bearing. The curved surface of the

bearing also facilitates smooth operation and reduces the effects of external loads or



2. . The stress concentrating geonetry at the bottom of the shaft has
beén renoved. 3. “The hem spheres—¥#e approximately tw ce as thick as
the existing thrust plates for the sane size notor, thus the retaining
force due to a press fit, or adhesive, wil|] be twice as great. Al so, the

t hi cker cross section should allow a greater press fit interference with

| ess distortion of the hem sphere. The foll owi ng equati ons show an

advant age of the enbodi nent as shown in Figure 3 in conparison to the prior
art shown ktibckicd presdion Gendrasy, %:lcagomm&ﬁngf &lusd 1he hemaphdle So shraeen i n
Figures 3 and 2 are, respectlvely [err] [err]

- Eg. 1. [ err jwithinthe recclvu{ngon]on about its center. It will be apEarcanhﬂcﬂus dksigreisdessl es shown
in Figures_ 3 .and. 2, errl such that if the forces [err] an Leréklpare t he
same, [err jikelgdo Q‘hﬁ%ﬁ‘?gleﬁ’l hep @iy ot flatsthrushplate degignia ‘@&%F?g‘s er as the

Che beari ndrdt Bt tHC oSt ¥REp oF e BREp dgh sl R Bar S0k auer | oss
is slightl ydm\@gtlg_{gemget he bearing of Figure 3 than that of a typical
privor art Although the present invention has been described with reference to preferred

embodiments, workers skilled in the art will recognize that changes may be made in

form and detail without departing from the spirit and scope of the invention. For

example, the hydrodynamic bearing of the invention is applicable to other typical

spindle assemblies used in magnetic disc storage systems.



bearing. This power loss is nuch I ess than twice the p \ mml‘t “HH!“
conventional bearing of Figure 2. Th&X8ncreased power ﬂm“

i ncreased surface area of -%—%h%—br—-—&pher—l-earl_bearl fg. °Th‘rs f or

exanpl e, assunes the spherical g d| arret er of 6.6 mm versus an 8
nm di ameter thrust plate of Fi gu i "e di anet e

bearing |l ength by 4.3 mmincrease tlffness ﬂ'ﬂhoﬁﬂ 0
If an 8 nm di ameter hem sphere is earing sp4cing REPLAGE

i ncreased, the GIAIMSsr stiffness w II |ncrease over 200% (a5 W I T the power

consurrptlon) The enbodi ment as shown in Figure 3 also has inproved
al i gnment and gt r engippareds for suppomingiasriedst gusidisn fos retadomin a Wrggr e 2.

Thi b t.h t. .t hi ckne f dl t th
engagenent SHEDK HESWERBRR | oBPUER dcHRRBI-Parb e fgPescler e S odded.
thickness efyed AR Betthelt Whith 2 fdimBl hid8shali® bearing, characterised in that, at

the interface between the rotatable and fixed parts forming the hydrodynamic bearing,

the width of the rotatable and fixed parts varies along the axis of rotation of the

rotatable part .

2, Apparatus according to claim 1 wherein, the interface is curved.

3. Apparatus according to claim 2, wherein the interface forrﬁs a portion
of a sphere.

4, Apparatus according to claim 1, 2 or 3, whcrcih.the interface forms an

acute angle with the axis of rotation.

5. Apparatus according to any one of claims 1, 2, 3 or 4, wherein one of
the rotatable part and the fixed part comprises an elongated shaft having a dome-
shaped member at one end thereof, and the other of the rotatable part and the fixed

part comprises a sleeve shaped for receiving the dome-shaped member.

6. Apparatus according to claims 5, wherein a fluid path is formed
through the shaft and around the dome-shaped member between the shaft and the

sleeve.




the shaft, provides a stronger connection between the hem sphere and the
shaft in conparison to the prior art_ téwust pl ate and shaft shown in Figure
2. Thi s incrraRskat s Been®aplade€ used fH° bondi ng the hem sphere to _the shaf

Anot her advan odinent is that during tilt {(-ESsHEED HAS BEEN -
precession), n a hem sphere portion and the sreﬁgp not
be an edge con t conventional design. I|nstead,t ] ' ‘

be one snooth surface rubbi ng agai nst another snmooth surface, for exanple
the curved surfaces of the hem spheres. This causes the | oad lpe spread

out over a much ngeﬁ dethod of E‘ﬁ]&ﬂg iandewjas; £O4| SUBPrBRE At t‘eaéfeg‘?"gﬂ{s‘g Phe present
t { A .
hsenbl v siuite; °a BEReISVARR" b iRl HRA BREIGRE B BT 1

al um num Wainaétiod th ¥R st Md SRBRE A, UsSerftiliBy Ghe BBk ARE sbRRBParts w6 €, such

as 90[err] C above anmbient tenperature, so that it expands. For exanple, if
t he expansfoom avaydro@yndmice beaking nherébeewezh ao\aliovartlativé eotgtiin of thepprsxi mat el y
10 mm the overall expansion would be approximately 8 [err], or 4 [err] for

the top sidharnaserised inphal & gie iplefageobaruranshel 8rst wpd second par forpiagithe heat ed,
the hydr Oderharggy%ar?tﬁEbean&r bl , (Et%u\llﬂthbgf the first and second parts varies along the axis of

rotation of the rotatable part .

8. A method according to claim 7, including injecting a fluid under
pressure into the hydrodynamic bearing to provide a predetermined gap size between
the parts and the interface, and applying a known force to one of the parts to counter

the force of the fluid and/or adjusting the rate of fluid flow to determine the gap size.

9. A disc storage system comprising apparatus according to any one of

claims 1 to 7, or apparatus manufactured according to the method of ¢claim 8 or 9.

10. A magnetic disc storage system, comprising:

a base;

a rotatable magnetic storage disc having an axis of rotation;

a transducing head for reading and writing information on the disc;

a fixed member attached to the base;

a rotating member aitai:hed to the disc which rotates relative to the fixed
member on the asis of rotation, the rotating member forcing a hydrodynamic bearing
over a bearing surface which forms an interface with the fixed member: and

wherein an angle between the interface and the axis of fotation is acute,

BT



assenbl ed such_that hem sphere portions 54 and 56 are allowed to contact
sl.eeve 58. As the slée it wil-leave a 4 [err] gap between each
heni sphere and Theswhegyg. This concept can be extended by using different

t enperatures or =& Kepfa dt 0 achi eve the desire
Simlar material l% - but a greater tenperat ¥
be required. Exanp s for attaching a hems here R

i ncl ude: bonding, a press fitting, swaging, threading {r.e. the two parts
are screwed together) or |aser welding. Another enbodi nent includes naking
t he hydrodynam c bearing as a discrete cartridge. This is attractive in a
rotating shaftlldesi gh ragreticsisctstoeageuistérs, eindpzisingd after the bearing is
assenbl ed. Such a design is shown at Figure 4. Figure 4 is a cross-
sectional viewtB#edrive spindle assenbly 100 for a rotating shaft design.

Spi ndl e assenb i es hub 102 tached to shaft 104. Hem sphere
pgrti ons 106 a#cgo%g%t?%%gﬁ%é@'ﬂ%%“t%&"?ﬂ%”and bott om of shaft '184,
respectively. R0thdsaiding BadPRdxiklR 2Grraddadtt td Qifscafol ERSR YR wriinfi xed

sl eeve 110 which includes hem sphere
information on the disc;

a fixed member attached to the base;

a rotating member attached to the disc which rotates relative to the fixed
member on the axis of rotation, the rotating member and the fixed member forming
an elongated interface therebetween having a center portion and first and second edge
portions aligned with and spaced apart on the axis of rotation; and

a hydrodynamic bearing at the first edge of the interface, the bearing having an
inner width proximate the center portion in a direction perpendicular with the axis of

rotation which is less than an outer width distal the center portion.

.’/\
LT

¢
. L
LI



receiving portions 112 and 114 -for receiving portions 106 and 108,
respectively, and journal receiving-p&-tion 116 for receiving journal 118
of shaft 104. In the enbodi ment of Figure 4, shaft 104 and hem sphere
portions 106 and 108 rotate in sleeve 110 along a hydrodynam c interface

t hereby allowi ng hub 102 to rotate. In this enbodi nent, hub 102 can be
bonded, screwed or otherw se attached to shaft 104 of the bearing cartridge
foll owi ng assenbly of the bearing cartridge. Figure 5 is a cross-sectional

view of a cartridge-type design hyd% beari-ng having a fixed shaft
120 which is attached to base 121. art is attached to hem spheri cal

portions 122 and 123 and is received in rotating sleeve 124. Q1| circul ates
t hrough passa 6. O I WI thin the hydrodynam c bearing is retained
_usi ng divergi %b‘% AEMIWITH  One technique for fornming a

E:am' sphere i N [#¢h! Mtﬁ%ﬁnventl on is metal injection nolding.
gure 6 is a cross sectiona of a hem spherical portion
A magnetic disc storage system includes a base (60) and a rotating magnetic

disc having an axis of rotation (57), A transducing head which reads and writes
information is positioned proximate the disc. The disc otates on 1 roté.ting membex
(14) relative to a fixed member (52, 56, 58) which is attached to the base (60). The
interface between the rotating member and the fixed member is a hydrodynamic
bearing. The interface of the hydrodynamic bearing is at an acute angle relative to
the axis of rotation. The interface has a width in a direction perpendicular to the axis
of rotation proximate a center portion of the hydrodynamic bearing which is less than
a width proximate a distal portion of the bearing. In one embodiment, the
hydrodynamic bearing has a shape which forms a portion of a sphere.

[Fig3]



formed."by netal injection nolding. In Figure 6, hem sphere portion 130 is
shown prior to nmounting on shaft 132. Radial oil grooves 134 are fornmed in
the top of portion 130 during nolding. Portion 130 includes relief area 136
for oil backflow Additionally, relief area 136 distributes forces on the
outer diameter of portion 130 when porti 130 is used as a support
surface. Figure 6 shows a shoul der nnuﬂyﬁgonfiguration where portion 130
rests on a shoul der of shaf A-t-arehrer Jmamvy O—to—shaft 132

may be through, F- exanpl e

manuf acturing a hBErod namjc bearing is shown in Fig desi gn
pressurized air is appliedjfto—+sket 140 of shaft 14 eived in
sl eeve 144. Shaft 142 is cqupled to Spherie wi-.

Adhesive is applied betweep portions 146 apd Qring
seal s 150 and 152 retain pprtions 146 2. A

force [err] is applied to portion
pressure applied at 140 and i et to a predeterm ned |

determ ne the size of
[err] to the bearing,




allows” a sufficient gap 154 to formwhen pressurized air is applied. The
size of the gap nmay be neasured by nonitoring the flowrate of the applied
air. The adhesive used for bondi ng should be a | ow viscosity anaerobic
adhesive. It should be placed along the inner dianeter of the spherical -
nmenbers 146 and 148 prior to inserting?Q§& menbers onto shaft 142. The
positive air pressure prevents adhesive Tromflow ng into the hydrodynam c
bearing area while Orings 150 and 152 prevent the adhesive from seeping
out of the adhesi ar eny. -12- Figure 8 is a cross-sectional view of

spi ndl e assenbl y_160°i f=accordance w th anot her enbodi nent. Spindle 160

i ncl udes rotor hBRIGB2ARKI ch carries disc 164, and is roatatably coupled to
shaft 166. Shaft 166 incl udes upper theg) spghere 168 and | ower hem sphere 170
received in cartridge sleeve 172. Slfee 72 receives jaournal 174 of shaft
166. The top portggq\?f shaf t [ eal gd_ WRR se ¥ 1728 and journal 174

e
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extends therethrough. Hub spacer 178 is coupled to rotor hub 162, and
carries permanent magnets 180. Shaft 166 is received in base 182, and
includes fill hole 184. Fill hole 184 connects to passageway 186, which
extends through the center of shaft 166. Passageway 186 connects to
center passageway 188 and di stal passay ys 190. In operation, oil flows
i nto passageway 186 through. center passSageway 188 and out di stal
passageways 190. This is indicated by arrows shown in passageway 186.

Fi gures 9A and 9B are cross-sectional views of spindle 200 in accordance
wi th anot her enbodi nent, and are positioned to illustrate a technique for
t herno- conpensation. It has been noted that the viscosity of the |ubricant-
changes over the operating range of a hydrodynam c bearing. This change has
a pronounced effect on the | oad capacity,, stiffness, and ppger consunption
of the bearing. Figures 9A and QBﬂdngtrEtEOQ 1 £2hni questf or conpensating
for the change in lubricant viscosity by changifg the gap size in the

hydr odynam ¢ bearing. In educed as the
tenperature of the beari ) J QB“U%Qindle 200
i ncl udes expansi on sl eev S -y 2067

,,;P- 118

116

% i

—

110

114
108

FIG. 4



Theynn-éonpensation I's achieved by utilizing a material having a | ow
expansi on coefficient for sleeve 204. Simlarly, expansion sleeve 202 and

shaft assenbly 206 (including the hem spheres) are forned of a materi al
Fi gure 9A shows spindle 200 prior to

havi ng a hi gher expansi on coefficient.
expansion, while Figure 9B shows -13-.2€?ndle 200 at a greater
tenperature than in Figure 9A fol |l ow ngq’ no- expansi on. Line 208 shows
the rel evant change in position due to expansi on between the two Figures.

During the process of heating, the bearing seats expanded at a nuch sl ower
rate than the rest of the conponents. Expansion sleeve 202 spreads the
bearing seats apart at the sane rate that the shaft and bearing hem spheres
expand. This causes the bearing seats to effectively shrink towards the

hem spheres. This causes a substantially uniformclosure of the gap. The .
techni que is independent of shaft and sl eeve Ienﬁéa because they are nade

of the sane material. If the difference in
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t her no- expansi on coefficients between the two different materials is about
[err] [err], a change in tenperature from25[err] Cto 70[err] C wll
result in a 3.5 mmradi us hem spherical gap closing approxi nately 2.2
[err]. These coefficients of expansion are provided by al um num and 400
series stainless steel, respectively.oggéi t hat the expansi on sl eeve 202
shoul d be flexible in the radial direc¥yoh, where it attaches to the
bearing seat, in order to prevent the bearing seat fromdistorting as the
assenbly changes tenperature. In the enbodi nents described, the interface
of the hydrodynam c bearing is extended over a greater area than in prior
art designs. This provides increased bearing stiffness and stability.
Further, the restoring noment is determ ned based upon the length of a line
whi ch extends fromthe center of the journal to an outer edge of the
bearing nenber. In typical prior art designs, the hydrodynam c bearing
interface is at a perpendicul ar anglef@4t1truﬁ$§is of rotation. However
in the present invention, an angle bgtween tie terface and the axis of
rotation is acute, i.e. it is not,?;ﬁu--u-u-'angls achi eved by nmal dng the
bearing have a narrop|[@dtat an i $ori-ddIQ owar ds an out er

7710
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edge of the bearing. The curved surf &€&/
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bearing  al so facilitates snooth operation and reduces the effects of
external | oads or -14- shock or precession. CGenerally, forces on the
beari ng cause the hem sphere to rotate within the receiving portion about
its center. It will be apparent that this design is less likely to be
damaged than prior art flat thrust platgsﬁﬁzigns in which a small tilt of
the drive shaft can cause the tip of th g level armof the thrust plate
to travel a relatively large distance. Al though the present invention has
been described with reference to preferred enbodi nents, workers skilled in
the art will recognize that changes may be nade in formand detail w thout
departing fromthe spirit and scope of the invention. For exanple, the
hydr odynam ¢ bearing of the invention is applicable to other typical

spi ndl e assenblies used in nagnetiq¢disc storage systens.
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CLAI M3 1. Apparatus for supporting at |east one disc for (16, 164)
retation in a storage system (10), the apparatus conprising a rotatable
part (14, 70, 102, 106, 124, 176, 192) for connection to the discs (16,
164) and a fixed part (52, 54, 110, 120, 166), between which is formed
hydr odynam c bearing, characterised in that one of the rotatable part and
the fixed part conprises. an eIongatedzs ft (52, 118, 120) having a
dome- shaped nenber (54, 56, 106, 108, 27 123, 168) at one end thereof,
and the other of the rotatable part and the fixed part conprises a sleeve

shaped for receiving the donme-shaped nenber. 2. Appar at us according to
claim1, wherein the interface forns an acute angle with the axis of
"rotation. 3. Apparatus according to claiml1l or 2, wherein a fluid path

is formed through the shaft and around the done-shaped nenber. between the
shaft and the sleeve.-
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4, . A nmethod of making a device for supporting at |east one di

164) f.or

rotation in a storage system the nethod including provi

gma(m‘! -1

ing a

first part (14, 70, 102, 106, 124, 176, 192) for conection to the discs
(16, 164) and a second part (52, 54, 56, 110, 120, 166), assenbli
first and second parts to forma hy(?rodynam' c bearing therebetween to all ow
relative rotation of the parts, characterised in that one of the rotatable
part and the fixed part conprises an el ongated shaft (52, 118, 120) having

a done-shaped nenber (54, 56, 106, 108, 122,

and t he " dydmdyminic Hfinid @mm thepratatingnportions frome ghep fixed

ng the

123, 168) at one end thereof,

a sl eeve
shaped for receivi ng th ne- shaped nenber. 5. A net hod according to
cl ai m 4, vrowdesd bearit ‘?ﬁ@“ rd under - pressure into the hydrodynam c

bearing to Pt % A}fe P Ciinéds ee;zﬂﬁetﬂe bfafeip oF tarastd the
i nterface, pIylng nown “f orc to one o) he parts to counter the
force of pﬁﬁ@ﬁhﬂﬂé}@ﬂﬁ/tﬂmﬁém@miﬁﬁormgﬂ@ﬂ%mwsfmm deternine the

gap si ze.

According to one aspect of the present invention there is provided apparatus for
supporting at least one disc for rotation in a storage system, the apparatus comprising
a rotatable part for connection to the discs and a fixed part, between which is formed
hydrodynamic bearing, characterised in that one of the rotatable part and the fixed
part comprises an elongated shaft having a dome-shaped member at one end thereof,
and the other of the rotatable part and the fixed part comptiﬁes a sleeve shaped for
receiving the dome-shaped member.

One arrangement of the magnetic disc storage system includes a base and 2
rotatable magpetic storage disc having an axis of rotation. A transducing bead
proximate a surface of the disc is used for reading and writing information on the disc
surface. A rotating member attached to the disc rotates about a fixed member
attached to the basc on an axis of rotation. The rotating and fixed memobers form a
hydrodynamic bearing therebetween having a surface which forms an imterface
between the two members. Angles of the interface relative to the axis of rotation arc
acute. In one embodiment, a width of the inner face proximate a central portion of
the bearing is less than a width of the inner face distal the central portion. Width is
measured in a direction perpendicular to the axis of rotation.

In one embodiment, the interface forms a portion of a sphere which rotates in a
sphere-shaped sleeve.

In one embodiment, the hydrodynamic bearing is manufactured using a process
involving metal injection moulding and may include grooves therein for interacting
with a fluid. The axial position of the bearing is determined using a self-positioning

REPLACEMENT SHEET
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6.r - A disc storage system conprising appaf atus according to any one of

clairns-1 to 3, or apparatus manufiactured according to—the—wethod of claim4

or 5. 7. ° A magnetic disc storage system cQ THaTak e a
rot at abl e magnetic storage disc having an axis gwnmm@“ﬂﬂmimmsdw ng
head for reading and writing inform#3on on the di#sce er
attached to the base; a rotating nenber attached to the disc which rotates
relative to the fixed nenber on the axis of rotion, the rotating nmenber
forcing a hydrodynam c bearing over a bearing surface which form an
interface wth the fixed nmenber: and wherein part of the interface is
parallel to the axis of rotation and an angl e between another part of the
interface andCLABMSxis of rotation is acute. 8. A magnetic disc storage

Syt e SOMP 1 "0iuReiE or Sopatibh 3 e B B, 1K RS ©
storage system (10), the apparatus comprising a rotatable part (14, 70, 102, 106, 124,
176, 192) for connection to the discs (16, 164) and a fixed part (52, 54, 110, 120,
166), between which is formed hydrodypamic bearing, characterised in that one of
the rotatable part and the fixed part comprises an elongated shaft (52, 118, 120)
having a dome-shaped member (54, 56, 106, 108, 122, 123, 168) at one end thereof,
and the other of the rotatable part and the fixed part comprises a sleeve shaped for

recciving the dome-shaped member.

2. Apparatus according to claim 1, wherein the interface forms an acute
angle with the axis of rotation.

3. Apparatus according to claim 1 or 2, wherein a fluid path is formed
through the shaft and around the dome-shaped member between the shaft and the

sleeve.

4. Amethod of making a device for supporting at least one disc (16, 164)
for rotation in a storage system, the method including providing a first part (14, 70,
102, 106, 124, 176, 192) for connection to the discs (16, 164) and a second part (52,
54, 56, 110, 120, 166), assembling the first and second parts to form a hydrodynamic
bearing therebetween to allow relative rotation of the parts, characterised in that one
of the rotatable part and the fixed part comprises an elongated shaft (52, 118, 120)
having a dome-shaped member (54, 56, 106, 108, 122, 123, 168) at one end thereof,




an transduci ng head proximate a surface of the disc for reading and witing
I nformation on the disc; a fixed nenber attached to the base; a rotating
menber attached to the disc which rotates rel at+veto the i xed nenber on-
the axis of rotation, the rotating nber and th ' lrm’ng an
el ongated interface therebetween havi'ng a centrer Hmmnhmwmm ut and
second edge portions aligned with and spaced apart on the mxiss o6f rotation;
and a hydrodynanic bearing at the first edge of the interface, the bearing
having an inner width proxinmate the centre portion in a direction

perpendi cular with the axis of rotation which is |less than an outer width

distal the centre portion.
and the other Et‘ the rotatable part and the fixed part compriscs a sleeve shaped for

receiving the dome-shaped member.

5. A method according to claim 4, including injecting a fluid under
pressure into the hydrodynamic bearing to provide a predetermined gap size between
the parts and the interface, and applying a known force to one of the parts to counter
the force of the fluid and/or adjusting the rate of fluid flow to determine the gap size.

6. A disc storage system comprising appatatus according to any one of
claims 1 to 3, or apparatus manufactured according to the method of claim 4 or 5.

7. A magnetic disc storage system, comprising:

a base; |

a rotatable magnetic storage disc having an axis of rotation;

a transducing head for reading and writing information on the disc;

a fixed member attached to the base;

a rotating member attached to the disc which rotates relative to the fixed
member on the axis of rotation, the rotating member forcing a hydrodynamic beating
over a bearing surface which forms an interface with the fixed mesmber: and

wherein part of the interface is parallel to the axis of rotation and an angle
between another part of the interface and the axis of rotation is acute.

8. A magnetic disc storage system, comprising:
a base; REPLACEMENT SHEET

a rotatable storage disc having an axis of rotation; 19 NOV 1997
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an transducing head proximate a surface of the disc for reading and writing
information on the disc;

a fixed member attached to the base;

a rotating member attached to the disc which rétates relative to the fixed
member on the axis of rotation, the rotating member and the fixed member forming
an elongated interface therebetween having a centre portion and first and second edge
portions aligned with and spaced apart on the axis of rotation; and

a hydrodynamic bearing at the first edge of the interface, the bearing having an
inner width proximate the centre portion in a direction perpendicular with the axis of
rotation which is less than an outer width distal the centre portion.
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