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- THE | NVENTI ON The present invention reI%és to bearings
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The present invention relates to bearings used to support rotatable

assemblies, and in particular to bearings used in disk drive actuators and spindles.

BACKGROUND OF THE INVENTION

- The extensive data storage needs of modem computer systems require large
capacity mass data storage devices. A common storage device is the rotating magnetic
disk drive. '

- A disk drive typically contains one or more smooth, flat disks which are rigidly --
attached to a common spindle. The disks are stacked on the spindle pamllel to each other
and spacéd apart so that they do not touch. The disks and spindle aré rotatéd in unison
at a constant speed by a spindle motor.

. Each disk is formed of a soli& disk—shaped basc.or substrate, having a hole in the
middle for the spindle. The substrate is commonly aluminum, although .glass, ceramic,
plasﬁc or other materials are possible. The substrate is coated with a thin layer of
magnetizable material, and may additionally be coated with a protective layer.

Data is recorded on the surfaces of the disks in the magnetizable layer. To do
this, minute mégneﬁzcd patterns representing the data are formed in the magnetizable
layer. The data patterns are usually arranged in circular concentric tracks. Each track is

further divided into a number of sectors. Each sector thus forms an arc, all the sectors '



capaci ty nass data storage devices. A compn storage device is the rotating
magnet I c disk drive. A disk drive typically contains one or nore
snoot h,7 fl at di sks which are rigidly - attached to a conmon spindle. The
di sks are stacked on the spindle parallel to each other and spaced apart so
that they do not touch. The disks and szoi ndl e are rotated in unison at a
constant speed by a spindle notor. Each disk is fornmed of a solid
dihsk-shaped base or substrate, having a hole in the mddle for the spindle.
The substrate. | 0 | v al um pum although glass, ceramic, plastic or "
~ ot her mteri%l%%@%%&?ﬁ@%ﬁé substrate is coated with a Itohi n layer of
magneti zable material, and nay additionally be coated with a protective

| ayer. Data is recorded on the surfaces of the disks in the
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arranged in Circu ncentric urt
a number of meeddbatk ahdEbrils of bedighttaits, mrstdisk driwecnovabeingproduret @iss a rotary

actuator, which pivots about an axis. The rotary actuator may be likened to the tone arm

- of a phonograph player, and the head to the playing needle.

There is one transducer head for each disk surface containing data.. The transducer
head is an aerodynamically shaped block of material (usually ceramic) on which is
mounted a magnetic read/write trénsducer. The -block, or slider, flies above the surface
of the disk at an extremely small distance as the disk rotates. The close proximity ‘to the
disk surface is critical in enabling the transducer to read from or write to the data patterns
in the magnetizable layer. Several different transducer designs are used, and in some
cases the read transducer is sé'i)arate from the write transducer.

A rotary actuator typically includes a solid block near the axis haying comb-like -
arms extending toward the disk, a sét of thin suspensions attached to the amms, and an
cleciré—magnéﬁc motor on the opposite side of the axis. The transducer heads are
attached to the suspensions, one head for each suspension. The actuator motor rotates the
actuator to position the head over a desired data track. Once the head is positioned over
the track, the constant rotation of the disk will eventually bring the desired sector adjaccnf
the head, and the data can then be read or written.

As computer systems have become more powerful, faster, and more reliable, there
has been a comesponding increase in demand for improved storagc devices. These
desire_,d improvements take several forms. It is desirable to reduce cost, to increase data
capacity, to increase the speed at which the drives operate, to reduce the electrical power



2 . of atrack conpleting a circle. A novabl e actuator positions a
tr@nsducer head adj acent the data on the surface to read or wite data.

Al t hough earlier disk drive designs used a |inear actuator, which noved
back and forth on straight rails, nost disk drives nom1be|ng produced use a
rotary actuator, which pivots about an axis. The rotary actuator may be

| i kened to the tone arm of a phonograph @ ayer, and the head to the playing
needl e. There is one transducer head for each disk surface

contai ning data. The transducer head is an aerodynanically shaped bl ock of
material (usePRsumed by ghe dyivess aps ite Anoreaserdhmresticnca e it drvesel presence of

t ransducer hhﬁgr above the surface of the disk at an
extrenely sna??mg#gfgﬁﬁg as %¥MLk&§%?ates The close proxinmity to the
disk surface is critical in enabling the transducer to read fromor wite -

to the data patterns i.n_the magnetjzable | ayer eral different .
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t he di sk, a sagie tirfie,trbduced s&pafdiskndrivas hsaddssadblbantahd afnitsslf. Rdlueed size makes

it practical to include magnetic disk drives in a rangé of portable applications, such as

laptop computers, mobile pagers, and “"smart cards".

An example of size reduction is the application of the PCMCIA Type I standard
to disk drives. This standard was originally intended for semiconductor plug-in devices.
With improvcménts to miniaturization technology, it will be possible to construct disk
drives conforming to the PCMCIA Type I standard.

In order to shrink the size of disk dﬁves, every component must be reduced in size
as mouch as possible. Additionally, because the PCMCIA Type II standard, as well as
~many other small form factor drives, are intended for portable use, it is necessary that
such devices be capable of tolerating a high mechanical shock, such as might occur when
a disk drive is dropped onto a hard floor. Conventional drives designed for desktop
applications have been susceptible to shock damage. With portable applications becoming
more significant, there is a need to find new design techniques to permit reduced size and
power consumption, to make assembly of miniaturized components practical, and prevent
the drive from being damaged wfxen exposed to mechanical shock.

_ Convenﬁonally, the rotatable disk spindle assembly and the rotary actuator
assembly are supported by sets of ball bearings housed in annular races. Typically, there
are two sets of bearings for the disk spindle and fwo for the rotary actuator, the two sets
supporting a particular asscmblj being axially separated to provide greater stability. The



el ectro-magnetic notor on the opposite side of the axis. The : z
hegds are attached to the suspensions, one head for each suspeRdBEHEETHEAS BEEN
actuator notor rotates the actuator to position the head ovel] a deBEFeMCED
data track Once the head is positioned over the track, the constant '
rotation of the disk wll eventually bring the desired sector adjacent the

head, and the data can then be read or witten. As conput er
systens have becone nore powerful, faster, and nore reliable, there has
been a corresponding increase_ in demand for inproved storage_ devices. These
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generate significant bearing drag and mechanical hysteresis, the latter being particularly

troublesome for rotary actuators, which frequently alter direction.

It has been proposed to address problems of miniaturization of spindle bearings
by using fluid or hydrodynamic bearings. Such bearing designs could potentially reduce
barts, permit greater speeds, and enhax;ce shock resistance of si:indle bearings. HoWever,
oil containment in such a limited space is a major problem which has yet to be
completely overcome. Additionally, proper 'opergﬁon of a fluid bearing requires
continuous, high speed rotation. Disk spindlés, which typically rotate at high constant
speed, may become suitable applications. But a rotary disk actuator typically moves back
and forth in a short arc. The motion of a disk actuator would generally not produce
sufficient fluid pressure to support a fluid be_aring, and fluid bearings would therefore be

unsuitable for disk actuator assemblies.
SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an enhanced bearing

for supporting Tpivomble assemblies.

Another object of the present invention to provide an enhanced disk drive storage

apparatus.

Another objcct of this invention is to reduce the cost of a disk drive storage

apparatus.
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I-n particular, there is a demand to reduce the physical si zé OHIIBISRET HAS BEEN
driives. To some degree, reduction in size may serve to furthjer soﬁEFDi-‘uEbe
above gdals. But at the.sane tine, reduced size of disk dri

in and of itself. Reduced size nmakes it practical to include magnetic di sk

drives in a range of portabl e appllcatlong such as | aptop conputers,

nobi | e pagers, and "smart cards” An exanpl e of size reduction is
t he application of the PCMCI A Type Il standard to di sk drives. This
standard was ori g| nal nten d for sem_cond ct or u evi ces. Wt h
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In order to shrin he si ze of every conponent  nust be reduced
in size as nmuch as possr ble. Additionally, because the PCMCI A Type I
standard, as wel | nma t formfactor .drives, are intended,for
portabl e use, it ‘f%’ W&%géﬁ?%?’ﬁmv@%’sd%‘?ﬂ HisE ST stoTage IRprmts Vhig g
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onto a hard floor. Conventional drives designed for desktop applications
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to nechani cal shock. Conventionally, the rotatable disk spindle -
assembl y and the rotary actuator assenbly are supported by sets of ball

beari ngs housed '3 at?lnm 't?'cct oe}ctﬁls v %‘oﬁ% ltd/brc;[v?d%ra bcaﬁng assembly havmg g-reater

resistance to mechanical shock.

Another object of this invention is to reduce the size of a disk drive storage

apparatus.

Another object of this invention is to provide a disk drive storage device having

greater resistance to mechanical shock.

~ Another object of this invention is to reduce the amount of power required to
. opcratc a rotatable asscmbly, an in pam;mlar a rotatable assembly of a disk dnvc storage

dev1ce

A bearing design for a rotatable assembly includes two freely rotating balls
mounted on the axis of rotation of the assembly and axially separated, one near each axial
end of the assembly. Each ball is confined by 2 moving concave beanng' surface of the
rotatable assembly and a corresponding fixed concave bearing surface of a mounting
attached to a frame, housing, or similar non-rotating structure. '
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are. two sets of. bearings for the disk spindle and two for th ¥ : :
acfuator, the two sets supporting a particul ar assenbly bei ngj| axi&EHEET HAS BZEN
separ atéd to provide greater stability. The SuU Y OF REHEACED

FNVENTION It is an object of the present invention to aneliorate one or
nmore of the above-nmentioned di sadvantages Accordi ng to one aspect of
the invention there is disclosed arotat|n6 di sk data storage _ .

In the preferred embodiment, the rotatable assembly is a rotary actuator assembly '
of a disk drive. The bearing surfaces are preferably concave surfaces defining an inner
space in the shape of a cone or frusturn of a cone, which is centered about the axis of
rotation. The-ball, which is preferably spherical, occupies part of the spaces defined by
the concave bearing surfaces. One of the fixed mountings is attached to a compressible
spring to provide a controlled axial pre-load to the assembly. The actuator assernbly and
actuator mounting on the housing mate to substantially enclose the ball. A lubricant is
provided in the enclosed space. The space is sealed with an O-ting. |

Compared: to conventional ball bearing designs for actuaiors and spindles, the
preseﬁt invention provides numerous advantages. It reduces the number of parts and the
volume of space occupied by the bearings. The reduction in number of balls will reduce
hysteresis and bearing drag, reducing power requirements of the actuator motor. At the
same time, the ball itself, and the contact area between the ball and bcanng surfaces, is
much larger, making the bearing more shock Tesistant.

. i

Various alternative embodiments of the present invention are possible. For
example, the bearing may be used to support the spindle motor of a disk drive. It ﬁay
be used in any of numerous applications where reduced size -of the assembly is an

important consideration, including micro-motors (size in microns).
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a magnetic disk drive storage umit according to the prcfcrred:
" embodiment; | .
Fig. 2 is a partial cross-sectional view of the magxictic disk drive, showing the
actuator aésembly, according to the preferred embodiment;
Fig. 3is a top vicx;v of the pre-load spring of the preferred embodiment;

-
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. device, conpri sing: _ a disk drive base; at | east one disk for
recording data, said disk being rotatably nounted on said base for

rotation about a disk axis; a bearing assenbly for a pivotable
actuator, said pivotable actuator pivoting about an actuator axis, said
bearing assenbly conpri sing: (a) p first freely rotating ball and a
second freely rotating ball, said balls being centered on said actuator
axi s and axially separat ed; : (b) a first stationary actuator '

nmount i ng,

said figst jmounti havi_n first . . ' .
centered about sai'§ Aot sPEmseds T%GS%FWJ’“@?)rﬁ@gwgﬁlgeg?%h%d:?é%%ﬁﬁ?dmg
(c) a secondyoaical bestitgysutfbssicbrding ! thegrefefied ebodizdernpunt i ng having a
second concave bearing surface centered abgut said actuatqr axis. a cl1 in
contact with sai dFige80Rd crpss-sectional view of a first alternative cm%oglmcnt of a ball and

corresponding bearing surfaces, showing arched bearing surfaces;

Fig. 6 is a cross-sectional view of a second alternative embodiment of a ball and
corresponding bearing surfaces, show'ing.sphcripal bearing surfaces;

Fig. 7 is_a cross-sectional view of a third alternative embodiment of a ball and
corresponding bearing surfaces, showing a combination of conical and spherical bearing
surfaces; |

Fig. 8 is-a cross-sectional. view of a motor assembly employing the bearing

assembly according to an altemative embodiment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIN[ENT

Fig. 1 is a partially exploded view of a magnetic disk drive storage unit 100 in
accordance with the preferred embodiment. Disk unit 100 comprises rotatable disk 101,

which is rigidly attached to hub 103. Hub 103 is rotatably mounted on disk drive base

104. Hub 103 and disk 101 are driven by a drive motor at a constant rotational velocity.
The drive motor is contained within hub 103. Actuator assembly 105 is situated to one
side of disk 101. Actuator 105 pivots through an arc about axis 106 parallel to the axis
of the spindle to position the transducer heads. ~ Actuator 105 is driven by an
eleciro-imgncﬁc motor comprising a set of permanent stationary magnets 110 rigidly
attached to base 104, and an electro-magnetic coil 111 attached to the actuator. Cover
115 mates with base 104 to form a cofhplcte enclosure or housing, to protect the disk and
actuator assemblies. Electronic modules for controlling the operation of the drive and
communicating with another device, such as a host computer, are mounted on a circuit
card 112 within the head/disk enclosure formed by base 104 and cover 115. In this
cmb.od'iment, circuit card 112 is mounted within the enclosure and shaped to take up



{d). neans for inparting a controlled pre-load to said first and second
balls along said actuator axis; and a pivotable

act uat or assenbly pivotably nounted on said bearing assenbly to pivot
about said actuator axis, said actuator assenbly conpri sing: (a) at
| east one transducer head supported by a suspension, (b) a notor for
pi voting said actuator assenbly about s&@ d actuator axis to position

unuspd space around the disk-in order to conserve space, as would be used for a PCMCIA
'I_'ypé II form factor. However, the card 112 could also be mounted outside the head/disk
enclosure, or the base itself could be made as a circuit card for mounting electronic
‘modaules directly to it. A plurality of head/suspension assemblies 108 are rigidly attached
to the prongs of actuator 105. An aerodynamic read/write transducer head 109 1is located
at the end of each head/suspension assembly 108 adjacent the disk surface.

Actuator 105 pivots on a pair of spherical balls, one of which is shown in Fig. 1
as feature 201. The balls are. confined by respective mounting (one shown in Fig. 1as
feature 220) and concave surfaces of the actuator. Mounting 220 is .attached to a
compressible spring 224, which is positioned within a relief in the nner surface of cover

115.

While only a single disk is shown in the preferred embodiment (as would be
typical of a PCMCIA type II form factor disk drive), is should be understood that the
number of disks mounted on hub 103 may vary.

. Fig. 2 is a partial cross-sectional view of disk drive 100, taken in the plane of
actuator axis 106, showing more clearly certain components of the actuator bearing
assembly. For easc of oﬁmmﬁon, actuator 105 is shown with attached suspensions 108
and transducer heads 109 which access data on disk 101, on one side of axis 106. On
the other side of axis 106 is the actuator motor, comprising stationary magnets 110
attached to base 104 and coil 111 attached to actuator 105.

. The actuator bearing assembly comprises two freely rotating spherical balls
201,202, both of which are centered on actuator axis 106 and axially separated. Each ball
201,202 is confined by a respective pair of concave bearing surfaces. Bearing surfaces
210,211 confine ball 201, and bearing surfaces 212,213 confine bail 202. Preferably, each



sai d transducer head, and (c) a central support portion, said central
support portion having (i) athird concave bearing surface
céntered about said actuator axis and in contact with said first ball,
said third concave bearing surface opposing said first concave bearing
surface along said actuator axis, said first and third concave bearing
surfaces confining said first ball, and? (i1i) a fourth concave
beari ng surface centered about said actuator axis and in contact with said

Concave beaPrRPEBTAIE TG capecin (uBrooafel if S, B SRS pRRE e

concave beaghngis po4.f aces confining said second ball.

Bearing surfaces 210, 212 are preferably machined inner surfaces of respective
cylindrical mounting blocks 220, 222. Mountings 220,222 are stationary with respect to
the disk base 104, i.e., they do not pivot with the éctuator_. In the bmferred embodiment,
lower mounting block 222 1s rigidly attached to base 104 by press fit in a corresponding
relief cavity, or by attachment with adhesive, screws, or other appropriate mneans.
Alternatively, block 222 could be an integral part of a base casting, in which surface 212
is machined or otherwise foﬁned. Upper mounting 220 is preferably attached to
compressible pre-load spring 224 with a suitable adhesive. Spring 224 is in tumn attached

" to cover 115 with adhesive or by press fit into a relief cavity in the cover.

Mountings 220,222 preferably include respective hollow cylindrical shroud
portions 226,227 which extend over and encircle the mating portions of actuator 105. A
pair of O-rings 228,229 are positioned surrounding the axis 106, within circumferential
grooves of the actuator and shroud portions. O-rings 228,229 seal the cavities in which
balls 201,202 are located. To reduce friction, O-rings 228,229 would preferably not be
in cbnta‘ct with shroud portions 226,227, but their close proximity to the si:muds forms
a labyrinth seal of the cavities. A Tubricant (not shown) is placed in the cavities before
sealing. .

Bearing surfaces 211, 213 are preferably machined inner surfaces of shaft member
225. Shaft member 225 comprises upper mounting portion 221 having bearing surface
211 for contacting ball 201, and lower mounting portion 223 having bearing surface 213
for contacting ball 202. In the preferred embodiment, shaft member 225 is a separate
membér which is rigidly attached to actuator 105, allowing shaft 225 to be formed of
different materials than used in actuator 105. Actuator 105 is preferably aluminum, while |



6 BRI EF DESCRI PTI-ON. OF THE DRAW NGS Fig. 1 shows a magnetic

di sk drive storage unit according to the preferred enbodinent; Fig.
2 is a partial cross-sectional view of the magnetic disk drive, show ng the
actuat or assenbly, according to the preferred enbodi nent; Fig. 3is a

top view of the pre-lead spring of the gpeferred enmbodi ment;

shaft 225 is preferably steel. However, shaft 225 and actuator 105 could be integrally
formed, or mounting portions 221,223 could be separate members which are individually
attached to actuator 105 or shaft 225.

In a disk drive, it is highly desirable to obtain precise orientation of the actuator
in order to accommodate the high track densities of typical drives. For this purpose, the
bearings shdu!d_ be pref-loaded to restrict wobble of the actnator. In the preferred
embodiment, pre-loading of the bearings is accomplished by imparting an axial force to

. mounting 220 with compressible pre-load spring 224. Because actuator 105 floats freely
~ between balls 201,202, the axial force is transmitted through ball 201, actuator 105, and
ball 202, into mounting 222. The pre-load forces ball 201 against conical bearing
surfaces 210,211 and forces ball 202 against’ conical bearing surfaces 212,213, firmly |
_ centeriﬁg actuator 105 on axié 106. '

| Fig. 3 is a top view of pre-load spring 224. Spring 224 is preferiﬁly a radially
! symmetrical member formed by stamping from stainless steel sheet having an appropriate
: thickness. Spring 224 includes a solid central portion 301 for attachment to mounting .
. block 220 and a plurality of curved arms 302, radially extending from the central portion
o an outer perimeter 303. Outer perimeter 303 is attached to cover 115. The arms are
permanently deformed i the stamping process so that central portion 301 and outer
perimeter 303 lic in paralle]l planes offset from each other. This design provides a
compressible spring having a very small vertical dimension.

Balls 201,202 contact bearing surfaces 210-213 along annular portions of the -
surface anci balls. Conical surfaces 210-213 form an angle with respect to a plane
perpendicular to actuator axis 106. This angle is shown in Fig. 4 for bearing surface 210,
and designated alpha (a). The selection of an appropriate angle a will involve various

engineering decisions. As the angle becomes shallower, the ball annular area of contact



7 Fig. 4 is an enlarged cross-sectional view of a single ball and
correspondi.ng coni cal bearing surfaces according to the preferred

embodi nent ; Fig. 5is a cross-sectional view of a first alternative
enbodi mrent of a ball and correspondi ng bearing surfaces, show ng arched

beari ng surfaces; Fig. 6 is a crdds-sectional view of a second

al ternative enbodi ment of a ball and corresponding bearing surfaces, )
showi ng spherical bearing surfaces; Fig. 7 is a cross-sectional view

of athird - i ' i-ng
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the bearing surfaces are arched or spherical, with diﬂ‘erihg radii. The rotational velocity
of the balls will generally be somewhere between zero and the rotational velocity of the
actuator or other rotating member. This rotational velocity may also be adjusted by

varying the relative contact angles of the bearing .surfaces.

When compared with a conventional #ctuator design in which 4 plurality of balls
are placed in an annular race surrounding a shaft, the present design significantly
improves shock resistance. In the conventional design, the only area of contact between
the balls are the race are a small point on each individual ball. In the event of a
significant shock, all the shock load is transmitted through these small points of contact.
This can cause. very high stresses at these points, and may result in permanent
deformation of the race and/or ball. The present design improves shock resistance by
substantially increasing the area of contact. . Rather than being a plurality of small discrete
areas on each ball, the area of con!ac;; in the present design is a continuous annular area
on the bearing surface surrounding the axis. ‘A slight elastic defqrmaﬁon of the surface
in the event of shock causes a very large increase in the contact area to reduce stress, and

thus avoids permanent deformation of the surface.

Becanse the bearing design of the. present invention increases the contact area
when compared with a conventional design using muitiple balls in an annular race, there
may bé an increased tendency for materials to bond at the contact surfaces when lying
idle for periods of time. Accordingly it is preferred that balls 201,202 be made of



The drive notor is contained wthin hub 103. Actuator assenmbly 105 is
situated to one side of disk 101. Actuator 105 pivots through an arc about
axis 106 parallel to the axis of the spindl.e to position the transducer
heads. Actuator 105 is driven by an el ectro-nmagnetic notor conprising a
set of permanent stationary magnets 110L2igidly attached to base 104, and
an electro-magnetic coil 111 attached to the actuator. Cover 115 nmates with
base 104 to forma conplete encl osure or housi ng, to protect the disk and
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are possible. For example, bronze is frequently an appropriate material for a mounting.
It would even be possible to use polymeric materials in some applications, aithough
polymefs would probably be inappropriate for most disk drives. It would be possible to
make balls and mountings of the same materials, although generally it is preferred that

the balls be of a different and harder material "than the mountings.

Both the stationery mountings and the mountings on the actuator could be séparate
parts as shown in Fig. 2, or could be integral with the base, cover or actuator. The
actuator is typically formed of aluminum or magnesium, an& it would be possible to
machine the bearing surfaces in comresponding integral cylindrical projections of the -
actuator body, centered on the axis of rotation of the actuator. The base is typically
aluminum, and bearing surfaces could similarly be machined in corresponding projections
from the base or cover. As used herein, “mounting"” refers to that portion of the assembly
which contains the bearing surface, and includes both integral mountings and mountings

which are separate pieces attached by adhesive, press fit, or other means.

As will be observed from the above description, the bearing of the preferred
embodiment confines two frecly moving axially centered balls within corresponding
concave bearing surfaces. In the preferred embodiment, the concave surfaces are conical |
or ﬁusMnicd, providing respective annular contact surfaces with the balls. However,

many variations of the bearing surfaces are possible within the spirit and scope of the



at the end of each head/suspension assenbly 108 adj acent the disk surface.
Actuator 105 pivots on a pair of spherical balls, one of which is shown in
Fig. 1 as feature 201. The balls are confined by respective nmounting (one
Shown in Fig. 1 as feature 220) and concave surfaces of the actuator.
Mounting 220 is attached to a conpressiljlse spring 224, which is positioned
within arelief in the inner surface of cover 115. Wiile only a
single disk is shown in the preferred enbodi nent (as would be typical of a
PCMCI A typelgb“%P%RkL or disk drive), is should be understood that the
nunber of disks nmounted on hub 103 may vary. Fig. 2 is a partia
cross-sectional view of disk drive 100, taken in the plane of actuator axis

106, show ng nore_cl ear certai p conponents, of. the actuator bearin
assenbly. For eas@gofféw‘éfﬁt%&i%‘ rged (CTRsESectiondl jvWew Viagle alﬁna@gédand

suspensi ons pRssidide’ éﬂ?ﬁ&‘!‘%@éﬁﬂ%‘*ﬁ?ﬁp&&oﬁo‘lﬂl% w%&%ﬁ&a égglﬁdgrx&:% "

one side of axis 106.” On the otfer side of axis 106 is the act
conpri si ng shatplowaclytheepheta &do dn tthe kational Viewp o6 Lanrubsewe | fodd points of

attached to actuat 105 L he actyator beari assenply conprises
two freely __r‘iS’P?FF ﬁ@f%p‘ﬁgﬁ’ é_"Q?ADQW%-E’fM?"EGE? E’ﬁ'@)?ﬂg&e aﬂgﬁ‘ og %Fg%er# dedliyon
act uat or aX'tﬁesL%? AbEkiséE pothtss SHEAL folAE%'PEQ&é &ﬁ9%8§93té chdS QFlh AGHuDY @
respective palr of concave bearing surfacés. Bearing’s aces
contact area seen in cross section (and similarly 402A, 402B). The two annular contact
areas surround and are centered on the axis. Assuming a perfectly spherical ball and
perfectly conical.bearing surfaces, the annular contact areas have zero radial width.
However, there will always be some width to the annular contact area because the ball
and bearing surfaces deform very slightly 4s a result of pre-load force, weight of
assembly, dynamic \

loading, etc.

Fig. 5 shows an alternative embodiment of a ball 501 and corresponding bearing

surfaces 510-511. In the altenative embodiment of Fig. 5, the bearing surfaces are

~ curved at the point of contact with the ball. This curvature tends to increase the contact

area, particularly when the bearing assembly is subjected to a severe load which

elaéﬁcally deforms the ball and mountings. Le., the radial width of the anmﬂ_ﬁs which

forms the contact area would increase under load morc rapidly than in the embodiment
of Fig. 4. The altemative embodiment of Fig. 5 would therefore have a greater resistance |

to hechanical shock than the embodiment of Fig. 4. However, the embodiment of Fig.

5 would have certain drawbacks vis-a-vis that of Fig. 4, particularly, the increased contact

area would likely increase the force required to overcome static friction (stiction) upon

initial movement, and may increase drag during operation as well.

Fig. 6 shows another alternative embodiment of a ball 601 and corresponding



210,211 -confine ball 201, and bearing surfaces 212,213 confine ball 202.
Preferably, each bearing surface 210-213 is conical or
frustrotconical in shape, the cones being centered on axis 106.

Bearing -surfaces 210, 212 are preferably_machined inner surfaces of
respective cylindrical nounting bl ocks 238, 222 Mounti ngs 220, 222 are
stationary with respect to the di sk base 104, i.e., they do not pivot with
the actuator. In the preferred enbodi nent, | ower. nounting bl ock 222 is

rigidly attaphame! firkeseeildlé1 LY Rths embbdinlellt 8f F.'€ RO b SRt 618%1hY-
or by attachment "with adhesive, screws, or other appropriate neans.
Al t er nat i vel §ormbpast kf g@linpensugfabe ofin spheregthe ragius of dle sphsrssdefining ithegbearing

bref or abl v abrERhEnE g, Pen She, P of S pafl, TRE o060l Brarte
adhesi ve. Spgirfi@e?8#0-6%1 af'rdspéclive (cirBEIRE Brehd c&ed ohlthe Whis) raiiaRany 8t Snul

press fit into a relief cavity in the cover._ i .
areas. Under conditions of low axial compressive force, these circular areas become very

~small (almost points), resulting in very low stiction and drag. The contact areas increase
in size when the assembly is subjected to shock loading. However, the embodiment of
Fig. 6 is not likely to have equivalent shock resistance to those of Figs. 4 or -5, since the
contact area is much closer to the axis. Furthermore, the embodiment of Fig. 6 will have
a lower accuracy of alignment of the rotatable assembly than those of Figs. 4 or 5, and

may have more of a tendency to wobble.

| Fig. 7 shows yet aﬁothe: alternative embodiment of a ball 701 and corresponding
bearing surfaces 710-711. The embodiment of Fig. 7 is a hybrid of the embodiments of
Figs. 4 and 6. One of the bearing surfaces 711 is conical as in Fig. 4, forming an annular
area of contact with ball 701. The other bearing surface 710 is spherical as in Fig. 6,
forming a circular area of contact at the axis. The embodiment of Fig. 7 is a compromise
between the characteristics of the two constituent embodiments. It will have a lower
stiction- and drag than the embodiment of Fig. 4, although not as low as that of Fig. 6.

- I will ‘also have more accurate alignment and higher shock resistance than ﬂﬁa
embodiment of Fig. 6, although not as good as that of Fig. 4.

Just as certain operating pérametcrs of the preferred met may be varied
by varying the angles of the bearing mrﬁaccs,ccrtam pammctérs of the cmb'odirﬁents of
Figs. 6 and 7 can be varied by varying the radii of the bearing surfaces. Specifically, a
larger radius will tend to reduce the contact area, reducing drag and alignment accuracy.
A smaller radius will tend to increase the contact area, improving alignment accuracy but

| increasing drag.



Mountings 220, 222 preferably |nclude respective hollow cylindrical shroud
portions 226,227 which extend over and encircle the mating portions of
adtuator 105. A pair of Orings 228,229 are positioned surrounding the axis
106, within circunferential grooves of the actuator and shroud portions.
Orings 228,229 seal the cavities in whbch balls 201,202 are |located. To
reduce friction, Orings 228,229 would preferably not be in contact with
shroud portions 226, 227, but ‘their close proxinmity to the shrouds forms a

| abyrinth seal of al ‘{é‘f\é “%31 & |!ﬂ r 995] da‘{ﬁ'*&

cavities before sea{il rPg grdl“?\g{%ur AcEs p%%@@be pre era%fo
machi ned i nn@ﬂxs&t&ﬁvepasxedfmﬁﬁ@ist ativihely Q%smﬁﬂabtacmmrarb%emmtmswot
upper nounti ng portlon 221 havi ng bearl ng 0grfaoe 211 for cont acting bal l

201, and lo éﬁﬁcﬂ’@t‘g a seavqngional set of
contacting r
separ at e rreﬁg%aailmélgl%g%hl S Tigl ?éll&a t ath uat or 1%%%??5% Ighlgalls
225 to be fosiehbatardl They BetbmeR e sighifichrtraslsesize of thet disit drivd (dnd autdater) or
105 is pref erabl y al um num  whil e
s reduced. The design dlsclosed herein reduces this hysteresis effect because each
bearing has only a single ball. However, such a bearing could also be used to support
the disk spindle and rotor of a disk drive, parﬁcul'arly a small form factor disk drive, even
though the spindle rotates in only one direction. The advantages of reduced size, part
count, and susceptibility to mechanical shock are equally applicable to actuator bearings

and disk spindle bearings.

Fig. 8 is a cross-sectional view of a motor aésembly employing the bearing
assembly according to such an alternative ;zmbodiment While the motor shown in Fig.
8 being used as the spindle drive motor of a disk storage device, it should be understood
that similar motors could employing the bearing assembly of the present invention could
be used in other applications. The sectional view of Fig. 8 is taken in the plane of the
axis of rotation 803 of the disk. A pair of spherical balls 801,802 are positioned centered
on axis 803 and axially separated by rotating housing 806. Lower smﬁonary mounting
822 is rigidly attached to base 804 by adhesive or press fit. Upper stationary mounting
820 is attached to pre-load spring 824 with a suitable adhesive, wh1ch is in turn attached
to cover 805. ‘ |

Housing 806 includes integral mounting portions 821,823 at opposite ends of axis
803, having respective bearing surfaces 81 1,813 in contact with balls 801,802. While
mounting portions 821, 823 are integral with the housing in the embodiment of Fig. 8,
it should be understood that the mountings could be separate members attached to the
housing. Cormresponding bearing surfaces 810,812 of stationary’ mountings 820,822



10 shaft 225 is preferably steel. However, shaft 225 and actuator 105
could be integrally forned, or nounting portions 221,223 coul d be separate
menbers which are individually attached to actuator 105 or shaft 225.

tn a disk drive, it is highly desirable to obtain precise orientation of
the actuator in order to accomnmodate theyigh track densities of typica
drives. For this purpose, the bearings s%oufd be pre-loaded to restrict
wobbl e of the actuator. In the preferred enbodi nent, pre-|loading of the

bearings is hS 808 ' L: ax] ap f . ' o
conpr essi bl e&ﬁplr 0- %%53 SW%&&%@&)E@%@%&%& traet'lgrf‘.& %Btg&% ?%gap{'sd’ %r&e%%)nﬂlfeg
bet ween bal I&ﬂw fortee thaough upper @ounting 820 ball 180d, héusingyROGadnd RO 802,
actuator 105, an a 202, into.mounting 222. The, pre-] oad force L1201
agai nst coni £2f PISdeRd RgessinqoRestion with fhe WY%P%gﬁaﬁC%@%@aﬁﬁiE%%l’soz
coni cal bear&p%‘ﬁ%gaces 212,213, firmMy centering actuator 105 on axis

106. Ig. 3is atop view of pre-load spring 224. Spring 224 is
preferably a radially symmetrical nmenber forned by stamping from stainless
steel sheet havi gﬁ an ap&rzopri ate thickness. Spring 224 includes a solid

central portion 3Balls§0H.802aze praferably stawlessistash JH W0 rudbbepsing S 00 and rrapntings of

curved arns | t ' 0 N1 - [
bor i et or 3020 gt 38 kot SRMAOA0 BOWEE oy aRAREAM el St be
per manent | y wed as i thd casé o€ tisd aotpdttigoNtheqraferred etdbatiingsmint ral portion 301

and outer perineter 303 lie in parallel planes offset fromeach other. This
desi gn provides a

Rotor housing 806 is roughly a hollow cylinder, closed at one end, having a
central shaft portion for engaging balls 801,802 and a flange for supporting disk 807 from
below. Rotor housing is preferably steel to provide a magnetically permeable back iron
for the permanent magnets. However, other materials such as plastic or aluminum may
also be used, with or without a separate back iron member. A clamp mechanism 831
applies an aiial force downward on disk 807, pressing it against the flange and holding
it in place. Where multiple disks are used, spacers are interposed between each disk and
the glamping mechanisth presses the entire disk stack against the flange. Various

clamping mechanisms and spacers are known in the art.

: Housing 806 is hollow for placement of ‘motor components. A set of permanent
magnets 832 is fastened to the inside of rotor housing 806. An electro-magnetic stator,’
compﬁsin'g a core 834 and wire windings 835, is positioned surroﬁn&ing axis 803 within
the space formed by housing 806. Motof core 834 .preferably comprises a series of
laminations of a magnetically permeable material, such as silicon steel. Motor coils or |
windings 835 surround core 834 to form the stator electromagnet. The stator is divided
into a plurality of circumferentially spaced poles, as is known in the art. Permanent
mégnets 832 are arranged as a plurality of poles of altemating polarity surrounding the
sﬁtor, as is known in the art. |



conmpressi ble spring having a very small vertical dinension. Bal | s
201, 202 contact bearing surfaces 210-213 al ong annul ar portions of the
sUrface and balls. Conical surfaces 210-213 forman angle with respect to a
pl ane perpendicul ar to actuator axis 106. This angle is shown in Fig. 4 for
bearing surface 210, and designated al pha gg). The selection of an
appropriate angle a will involve various engineering decisions. As the
angl e becones shall ower, t.he ball annular area of contact S

reduced in radi us;wﬁf I S r :c?rBQﬂgéﬁ .

ft:)ont act is increase clé?g(rg}'f | us&@‘ﬁgpc hggg@%éﬂo t hi %%ﬁ“g{&}%‘é’gﬁéﬁ’
earing surf ah@naigy eleitticsl enment aidainnadent niaghetalotors,i ascare zesreentionalty vsed iAn
angl e of approxinately 45 degrees is prefer,r‘ferﬂ gs a.reas a%e traﬂe- of :
Bet ween hi ghdiskadsives afid aitar soall electc; mators, it wik ?)P@ﬁ??‘\“@gq’é( g shalied my
eari-ng surf f nﬁ@{;ﬁ[ﬁ@‘g v, {ohus \Madhhy ﬁ&%}ﬁﬁ I

const ruct th%ggtgagrﬁgkﬁ‘ge y o 'teﬁ'gl ’gregeﬁvﬁdﬁ&gnt i oﬁ f?\ft h di f grecioi ¢t

angl es, or Wi tdrhe réspensertg an elebac-amgaetic fieldh dor examples thiecator cairtdncomprise

differing radii. The rotatiopal velocit . .
J a set of closed loop coils as are commo)llﬂy used in “induction" motors.

The bcax-ing assembly of the present invcnt%on could also be used in applications
other than disk drives, where miniaturization, shock resistance, and cost reduction are
significant goals. An example of another such possible application is the use of the
bearing assembly to support rotating spools of magnetic tape in miniature magnetic tape

cartridges.

.Due to the reduced part count and simplicity of design, the bearing design of the
presént invention could be used in micro-mechanical applications, i.e., applications in
- which the sizes of moving parts are measured in microns. In present micro-mechanical
applications, it is common to avoid the use of any type of ball or roller bearing, allowing
rotating surfaces to directly contact stationary surfaces. Asa result, the longevity of such
parts is very limited. The use of a simple ball confined by concave .surfaces could
dramatically increase the longevity and reduce drag in such applications. Typically,
bearing surfaces in such applications would be etched rather than machined.

In the preferred embodiment, a stamped steel pre-load spring s used to impart a
controlled axial pre-load force to the béarings. However, it will be understood that a
pre-load may be obtained through any of various alternative means. A spring may be
constructed of helical or conical wire. Alternatively, a compressible material such as
foam Tubber may be used in place of the spring. The spring could also be mounted in

other locations, e.g., on the rotor. As another altemnative, the housing itself may be



of the balls will generally be sonewhere between zero and the rotational
vel'ocity of the actuator or other rotating nmenber. This rotational veIOC|ty
may ‘al'so be adjusted by varying the relative contact angles of the bearing
surf aces. When conpared with a conventional actuator design in
which a plurality of balls are placed i¥8 an annul ar race surrounding a
shaft, the present design significantly inproves shock resistance. In the
conventional design, the only area of contact between the balls are the

race are a sighicidil ”élasQiEt 3:?&" Odin¥d Hda wiltih b &bﬁé‘ﬁw‘?&%ﬂ’&h&ﬂ
si gni ficant shock, II e8 ho ﬁ P Sad I's tr ans?ncc#}t ed roug tfteseuseoﬁ?‘ny
poi nts of comspeog or“itmkaxgawnmasﬁ:lc/myerial.gh stresses at these points, and

may result in permanent deformation of the race and/or ball. The present
desi gn i nproves shock resistance by substantially increasing the area of

contact Rather {Na0hDfiddGiodd s dsidly RhsigdiBd tediablel ' @valiifiRsD fh #RYIaMY

the area of contact Ih present sign I's a continuous annu
t he beari ng sudfeabance theimancuiany. Ifthe hzarmgs Aresiiat gind-loatied; tthe ndm-i'cpeaablemunoﬁt
he event of ar ge |ncrea

t he surface i hoc auses_a very
contact area 0?(#“? RiRng ESLSFIEE'S’ Wa‘ﬁd WFSY 1785 dS- J8f ﬁBﬁg t"d'ld Phe
surface. wobble ﬁ?ﬁﬁ‘iﬁl@r&dk&ﬂ?@%&ﬂﬂ& d isgﬁoﬂttlm?h%oﬁfc? fynﬁﬁﬁé 20Bearin 5

i ncreases the contact area when corrpare onvent ona design usin
mul ti pl e bal wdthont pre-loathumsaitable dax, applieation nmgn batuator onspindls exbtoroftdisly dfive,

materials to bond at th act surfaces enI idle.for peri.ods of
tine. AccordﬂHBI?tﬁ? W?‘? én W SFTY MATTOW S g"é‘t’)g" 8 e of accuracy.

However, there may be applications in which bearing pre-load is not required or not

. desirable. Bearings which are not pre-loaded would have reduced accuracy of alignment
and reduced stiffness, but might also be clieaper, require even less space, and have
reduced stiction. Therefore in an alternative embodiment of the present invention the

bearings would not be pre-loaded.

i In the description above, certain features have been referred to as "above" or
“below" the actuator, or described as “upper" or ';lower". These terms are used only for
case of reference and are consistent with the drawings and the normal orientation used
in the art. However, the use of these terms is not meant to imply that the present
invention requires any particular orientation, e.g. the pre-load spring to be located above
the actuator. The disk drive of the present invention could just as easily be constructed
with the pre-load spring located below the actuator, or with the axis of rotation oriented
horizontally. Additionally, the words "pivot" and “rotate” have been used interchangeably

to describe turning or spinning motion about an axis; unless limited by the context, these
words should be understood to include motion in which the object turns a full 360
degrees as well as motion in which the object turns 'only through an arc of less than 360
degrees. |



12 different materials than those used in nmountings. Specifically, balls
201,202 are preferably forned of either ceram c or stainless steel J2100.
.Cérarfie is the preferred naterial where it is not necessary to form an

el ectrical ground path fromthe actuator to the base; where a ground path
is needed, stainless steel is preferred. MBuntings are preferably formed of
har dened common steel 440C. Many possi ble alternative conbi nations
of materials for the balls and nountings are possible. For exanple, bronze
is frequently an [opriate. erial f i I e_.
possi ble to use pgﬁg |%s?7%°t'ﬁegralgl§¥’ |ﬁn€ét;r§'e;§§gﬁdggltlagnﬁsﬁ a g%ﬁ%p ‘f/nrrﬂérs
woul d pr obabéeftalie aiternptvedprii &R BeOkecoBizedlbykthdss skflled |in thouirtl that pddidorl e
to make balls and mpuntings, of the same materjals, alth queneralr. it is
preferred theatiatiges Bufors #nd dataih mayrheamadn wiAm s sqape ﬁgﬂ’gr PVIEH -
nount i ngs. Both the stationery nountings and the nountings on the
actuator could be separate parts as shown in Fig. 2, or could be integral
with the base, cOwHat & cla@dedasor. The actuator is typically formed of

al um num or magnesium and it would be possible to



machi ne the bearing surfaces in corresponding integral cylin
projections of the actuator body, centered on the axis of ro
actuat or. The base Ts—typic ase > base is—typically al umi num and bearing surfac

STHISIBHEET s 57
s _couRBPLACED
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as€ or cover.

simlarly be n correspondi ng projections fromthe
As used herein 'E@ u’nﬂu[ﬂﬁ,ﬂrs to thapgportion of the assenbly which

contai ns the besar

nd |ncludes both integral nountings and

nountings which are separa e bieces attached by adhesive, press fit, or
ot her neans. As will be obserVﬁWthe above descri ptlon t he

bearing of the preferred enbodi nent con
centered balls within corresponding concave bearing surfaces.

freely noving axially

In the

preferred enbodi nent, the concave surfaces are conical or frustro-conical,

provi di ng respect ive afnmotaiingcdisk deta stomgecdaviconcomprisisghal | s.

However, many

vari ations of the bear| ng surfaces are possible within the spirit and scope

of the
i nvention..

13 present
a disk drive base;

at least one disk for recording data, said disk being rotatably mounted on said base

for rotation about a disk axis;

a bearing assembly for a pivotable actuator, said pivdtable actuator pivoting about

an actuator axis, said bearing assembly comprising:

(2) a first freely rotating ball and a second freely rotating ball, said balls being
centered on said actuator axis and axially separated;

(b) a first stationary actuator mounting, said first mounting having a first concave
bearing surface centered about said actuator axis and in contact with said first ball;

(c) a second stationary actuator mounting, said second mounting having a second
concave bearing surface centered about said actuator axis and in contact with said
second ball; and

a pivotable actuator asscfnbly comprising:

(a) at least one transducer head supported by a suspension,

(b) a motor for pivoting said actuator assembly about said actuator axis to position

said transducer head,

—_—

——
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201 and
1 CLLIX

Fig. 4 shows an enl arged _cross-sectional view of a single ]
co..rrespond‘i—rrg’?:'o’ﬁl'EéTngari ng surfaces 210-211 as used in tjhéH& &fi2rr eds seeN
enboti nent, J.net (“ t he actuator axi-s. In the sectijjonal ®ESWACEDEe
can observe““M\mlm\m ontact 401A, 401B, 402A, 402B, W
and t he bear surfaced. Tn reality, thegg are not discrete points.

S

"Poi nts" 401A, 401B are really opposite e of an annul ar contact area
seen in cross section (and simlarly 402A, 402B). The two annul ar cont act

areas surround and, aie _centered an the axis um ng,a perfectly,spherical
bal | and perfectl )%gﬂ{dgcéﬂmﬁ‘écglﬁaﬁﬂg%&?%&@f%%ﬁg‘? ﬁ?tB@B’h?’HEFX%FE%‘mr‘F&ve
zero radi al wi dt hyithigaie fiedt balln8fi€ thikd LorRbv@lsariag shffa®e WppbsthglQid HBt somuabar
contact area because-the ball_ and bearing surfaces deformvery slightly as
a result of pre-|ksatng gurace glonghsaidfacgtor mxisy saif, fissti and duxdi sepcawe dearing
Fig. 5 shows an ] e ' {110 ball 501 and corresponding
beari ng surfaces%ééi‘lfnﬁmﬁgg%gggﬁ?e%?%’a |‘€e enbodi ment of Fig. 5, the
bearing surfaces are curved at the point of contact with the ball. This

curvature tends to increase the contact area, particul ar’l.d\; when the bearing
assenbly is subj dé} edfourthconseen bearingdsufice rrepterast rbeiit| spidiattwates axiseanshlin

and nountings. Le._..the.radial w of .1 he annul us which farnms: the.contact
area woul d increa gmﬁ{:ggﬁasf"oaff%fkgg’a T‘%?Wh?ﬁc?vﬁ lﬁ%mg FHEPROSEE ﬁ“@.
4. The al ternati \secondbestcarbeadihg Fusfacd aloRp sdid! Aaidr048s, R sedosd @ad Fburth
resi stance to nechani cal shock than the enbodi nent of Fig. 4. However, the

enbodi ment of Fi foneavgdhertng syaces confining saingeend balk- a-vis that of Fig. 4,
particularly, the increased contact area would likely increase the force
required to overcone static friction (stiction) upon initial novenent, and

may increase dra@, duriThg Rgfingt disl da& #6tabke device of claim 1, wherein said first and

second balls are spherical.

el

3. The rotating disk data storage device of claim 1, wherein each said bearing
surface contacts a ball at a respective annular portion of said bearing surface.
4 The rotating disk data storage device of claim 3, whercin said annular

portions of said bearing surfaces in contact with said balls are conical.

5. The rotating disk data storage device of claim 1, further COmprising means
for imparting a controlled axial pre-load to said first and second balls.

6.  The rotating disk data storage device of claim 5, wherein said means for
imparting a controlled axial pre-load comprises a compressible spring supporting said
second actuator mounting, said compressible spring being compressed by said housing to

| impanla controlled pre-load to said first and second balls.

7. The rotating disk data storage device of claim 1, further comprising an

P St L
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Fig. 6 shows-anether—altternative enbodi nrent of a ball 601 {gnd wTTE‘SB?ﬁﬁﬁ%—
14 bearing surface . In the enmbodiment of Fig. @ TEKeShealingBEE l
sur fdces 610 ﬂm the inner surface of a sphefle. t hBEPAACE

1 he sphere d I'ng surfaces being |arger t han the radi us o’r

the ball. As a result ball 601 contact<2dearing surfaces 610-611 at
respective circular areas centered on the axis, rather than at annul ar

areas. Under conditions of [ow axial conpressive force, these circul ar

areas beco @Jdﬂg ) $hill 120 Geabt oneedivk, |s8M clddutd biforand
drag. The ggr#gg%mgirsggédlgncr ngse@r%?tsf‘?rztgm\f\&ﬁ%n t he assenblilk’l S subjected to
shock | oadi agd bk assemblyecompristtignent of Fig. 6 is not likely to have

equi val ent shock resistance to those of Figs. 4 or 5, since the contact

area is nmuch closer to the axis. Furthernore, the enbodiment of Fig. 6 wll

have a | OWer acoYrailmaliod Fal: fackdEi GlPAL EVaLSGIDI y than Those of

Figs. 4 or 5, and may have nore of a tendency to wobbl e.

-a bearing assembly for supporting a rotor, said rotor rotating about said disk axis

and supporting said disk, said bearing assembly comprising:

(a) a third freely rotating ball and a fourth freely rotating ball, said balls being

_centered on said disk axis and axially separated;

(b) a first stationary rotor mounting, said first rotor mounting having a fifth
concave bearing surface centered about said disk axis and in contact with said

third ball;

(c) a second stationary rotor mounting, said second rotor moﬁnﬁng having a sixth
concave bearing surface centered about said disk axis and in contact with said

fourth ball; and
a rotor comprising:
(2) a rotor housing;

(b) means for imparting torque to said rotor in response to an electro-magnetic
field generated by said stator;

(c) a seventh concave bearing surface centered about said disk axis and in contact

with said third ball, said seventh concave bearing surface opposing said fifth

is Sheet Has Been Replaced
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Fig. 7 shows yet another alternative enbodi-nent of a ball 7Ql1aRd;.
correspondi ng bearing surfaces 710-711. The enbodi nent of Fjjg. 7‘;.,}&5{;5%2’28 BEEN

-hybri'd+of of Figs. 4 and 6. One of the bear
tS coni camnﬂlmmn)"mmllorm ng an annul ar area of contact with ball 701.
The ot her Beatiny surfac& 710 is sphericajzas in Fig. 6, formng a circular

area of contact at the axis. The enbodinent of Fig. 7 is a conpromn se
bet ween the characteristics of the two constituent enbodinments. It wll

have a | ower stiction and drag fhan,the e | ment _of, Eig. 4, although not
as low as that of""mea%anf‘g ce, jalongy, ‘ﬁg‘r @’Gﬁtéﬂfia@aﬂﬁgﬁ%ﬂ ve
hi gher shock resipiafle Sulfftas chivmirgRod iR balf add 9. 6, al though not as good

as that’ of Fig. 4. Just aS certain operating paraneters of the
preferred enbodi nent may be varied by varying the angles of the bearing

surfaces, .certai ar ters of the enbadi nents .of. Fi _ '
varied by varyi ngd ﬁbg-r‘ég' -qonﬁvztl?f@nggaﬂu%{:& “s,‘1"’?‘éq(lc:”ebs'f’.uk %ﬁp%gl?sha%gﬁ %i/cfﬁar‘boﬁ)%c}ger
radius will tend Eﬁﬁ%ﬁnﬁhl?alll,c%ﬂfda& hifll ShcaveSBeliingOsEfRg cppdsinki @idreixth

accuracy. A smaller radius w tend To increase the contact area

i mprovi ng al i gnmeoncavecbeasing Huface ralonga said gdisk sgfis, said sixth and eighth concave
| bearing surfaces confining said fourth ball.

8. A bearing assembly for a rotatably mounted object, said rotatably mounted

object having an axis of rotation, said bearing assembly comprising:

(a) a first freely rotating ball and a sécond freely rotating ball, said balls being
centered on said axis and axially separated;

. (b) a first stationary mounting, said first mounting having a first concave bearing

surface centered about said axis and in contact with said first ball;

(c) a second stationary mounting, said second mounting having a second concave

bearing surface centered about said axis and in contact with said second ball; and
a rotatable object comprising:

(a) a third concave bearing surface centered about said axis and in contact with
said first ball, said third concave bearing surface opposing said fist concave
bearing surface along said axis, said first and third concave bearing surfaces

confining said first ball, and S

(b) a fourth concave bearing surface centered about said axis and in contact with

This Sheet Has Been
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15 ILn the preferred enbodi nent, the pivot bearing i SResEE L
support a_nmfoﬁ“di“sk drive. The:-bearing is particuj| aHiyawekl =4S BEEN

suited 1o Tﬂl’ actuators pivot back and forth.{ The redHdviigal
resi stance mmmim“ FEUFW ng a conventional set of bearings and
t

| ubri cant exhi bits sone eresis, due tp the interaction of nultiple
balls and | ubricant This becones nore si g%fi cant as the size of the disk
drive (and actuator) is reduced. The design disclosed herein reduces this
hysteresis effect hecause each bearing has onJy a single ball. However,
such a bearing c s?ff’gg @?L@Eﬁ?‘?ﬂgkt?ﬁﬁ?ﬁ’f’ {’%Q"&i ?ﬁ%ﬁi?ﬁﬁ"é‘“ﬁnﬁm otegpndyf
a di sk drive, palhhéde¥ehding stk aldy Sid 265 Ofaidl s&bnd ahl Fourtl 85ndable bekkidd1e
spindle rotates in only one direction. The advantages of reduced size, part -
count, and suscepuifhiesicopfiningrsethsesondibalthock are equal |y applicable to
actuator bearings and di sk spindle bearings. Fig. 8is a
cross-sectional view of a notor assenbly enpl oying the bearing assenbly :
according to sucly an geepOanbVesaANYdoMBRim V¥l whelhf siB! @irdSEneEvd Bekiinp 8
bei ng used as the spindle drive notofr of a disk storage device, it should
be under st osurfadeeandssaid foarth woncave beaningisuefapt exei poyitioned between gaidsfrendringas

t he present bi nventipn coul d..be usdgd in'o{)her >aae‘@licati ons. The sectional
view of Fi gPcmesyrizee and saidisecqrid conegye beanng SUHagq. | of atj on 803 of the

di sk. A pair of spherical balls 801,802 are positioned centered on axis 803

and axially separated by rotating housing 806. Lower stationary nounting
822 is rigidly atlfachdet bedningeastéublyy oficluimi 8 whergin essch faid Upguing surface

stationary nountin 20 is att.ached .to pr.e-1qad. .spri.ng 824 with a suitable
Sdhes ve. ”wpiRet 8 hall F g FroBeetige AR PgR Of 65§ bearing sufface.

11.  The bearing assembly of claim 8, further comprising means for imparting

. a controlled axial pre-load to said first ‘and second balis.

12.  The bearing assembly of claim 11, wherein said means for imparting a
controlled axial pre-load comprises a compressible spring supporting said second
~ stationary mounting, said compressible spring imparting a controlled pre-load to said first

and second balls.
13. An electric motor, comprising:
a stationary base;
lan electro-magnetic stator attached to said base;

a bearing assembly for supporting a rotor, said rotor rotating about an axis, said

bearing assembly comprising:

et Has Been Replaced
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Housi ng 806 i ncrudes imtegrat: nounting portions 821, 823 at opﬁ—ggd e- endsLm

axi s 803, h beari ng surfaces 811,813 in contact V\Atph:.lg_)_@L S
‘801802, | ! nﬂmﬁlﬁmﬂ l|| ons 821, 823 are integral with t —
1 he enbodi ne shoul d be understood that the nounti ngs coul d
be separate nenbers attached to the housing Correspondi ng bearing
surfaces 810,812 of stationary nountings 820,822

16 cont act bal : s 801, 802 from opposite directions. Pre-load spring 824
|rrpartsacontroled axi relo eth hup upt in 80 baII
801, housi ng 806@ah{Tsh f?éau“??\gﬂ{)?‘?e‘f?&&‘a’ Iﬁta m%l}ﬂtfl gn

concave bearing sifiiR8%% &edqg,gg Snd @kiafy "on axis 803 Bal I s
801, 802 are preferably stainless steel J 100, and housi ng 806 and nounti ngs

220, 222 are preferably comon steel. However, various alternative
materials coul d &3 "

a first stationary rotor mounting, said first mounting having a first concave

bearing surface centered about said axis and in contact with said first ball;

(c) a second stationary rotor mounting, said second mounting having a second
- concave bearing surface centered about said axis and in contact with said second

ball; and
a rotor comprising:
(2) a rotor housing;

(b) means for imparting torque to said rotor in response to an electro-magnetic

field generated by said. stator;

(c) a third concave bearing surface centered about éaid axis and in contact with
said first ball, said third concave bearing surface opposing said first concave
bearing surface along said axis, said first and third concave bearing surfaces
confining said first ball, and

(d) a fourth concave bearing surface centered about said axis and in contact with
said second ball, said fourth concave bearing surface opposing said second
concave bearing surface along said axis, said second and fourth concave bearing

surfaces confining said second ball.

14.  The electric motor of claim 13, wherein said third concave bearing surface

\
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used as in the case of the actuator of the preferred enbodi =
Roj or  housing 806 is roughly a hollow cylinder, closed at on BTH'& Sthavi' nglﬁEEN

central® shaft ing balls 801, 802 and a flang@ _for RLrLAGED
supporting d| ﬂm”ﬂm“mmm . Rotor housing is preferably steer to
provide a magnéti €al by ‘berfredbl e back iromdor the pernmanent magnets.

However, other materials such as plastic or alum numnay al so be used, with
or without a separate back iron nmenber. A clanp mechani sm 831 applies an
axial force gn{m: RE% f

hol ding it |%(ap ace X%a% b?%?nﬁ é@%grs éuoggcgggtﬁeegg%rd sﬁrgtpcgﬁlcn dbspmolgéd
bet ween eaci’smlfasé(aﬂd\daxﬂhec@kiadmbm peatihg siufmeepr esses the entire disk stack
agai nst the flange. Various clanpi ng mechani sns and spacers are known in
the art. Housing 806 is hollow for placenent of notor conponents.
A set of pernmanenfs magpgl t Qurth }: '%ﬁ‘l‘
806. An el ectro- rr%agnetl C ?F%ggrrh&glf)amﬁg?{g?ga a Cgfgb@gﬂﬁgﬁgxeﬁi@?{ In d
835, is posidonedhel axial puerldad @ said SirGadwetdridbdllse space fornmed by housi ng
806. Motor core 834 preferably conprises a series of |lamnations of a
magnetical |y pernmeable material, such as silicon steel. Mtor coils or

wi ndi ngs 835 surrgund a "cre.% (oTae:To| . :
stator is divi dedﬂilunt oﬁg{%egﬁlél %?’;érgpfn&iatr&guée@ntl al %/Jspacg T xfnjé%ngsai S

known in t hecoatrblledPaixislnpretioad goaipeis€&32 aompedssibley agring a:ppbumgl iskid eécond

pol es of alterpating pol aI’ItX surroundi ng the stator, as_is known in_the
art. stationary mounting, said compressible spring imparting a controlled pre-load to said first

and second balls. -

17.  The electric motor of claim 13, wherein said means for imparting totque
to said rotor in response.to an clectro-magnetic field comprises a set of permanent

magnets attached to said rotor housing.

This Sheet Has Been R,
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17 Wiile the electric notor of Fig. 8 enploys el ect{fC-TRGOELI-C,,
stator coils driven by alternating-&Féctrical current and pq ﬁ&ﬁgqgﬁﬁﬁﬁi BEEN
rotdbr'sT as are conventionally used in disk drives and other | Sf eefTie
notors, it will be understood by those skilled in the art that an electric
notor coul d enpl oy any -of various neans for inparting a torque to the rotor

I n response to an electro-magnetic field. For exanple, the rotor could
conprise a set of closed |oop coils as @ comonly used in "induction”

not ors. The bearing assenbly of the present invention could also.

be used in applications other than disk drives, where mniaturization,

shock resistance, and cost. reduction ar€ significant goals. An exanple of

anot her such possible application is the use of the bearing assenbly to
support rotating spools of nmagnetic tape in mniature nagnetic tape
cartridges. Due to the reduced part count and sinplicity of

desi gn, the bearing design of the ' tion could be used in :

m cro-mechani cal applications, i.e?ﬁﬁgﬁgﬁ¥g§¥ﬁgns in which the sizes of

noving parts are measured in mcrons. In present mcro-nmechanica

B e——

- ABSTRACT

A bearing design for a rotatable assembly includes two freely rotating balls (210, 202)
mounted on the axis of rotation (106) of the assembiy and axially separated, one near each
axial end of the assembly. Each ball (210, 202) is confined by a moving concave (preferably
conical or frustro-conical) bearing surface (210, 213) of the rotatable assembly and a
corresponding fixed concave bearing surface (211, 212) of a mounting (222) attached to a
frame, housing, or similar non-rotating structure. One of the fixed mountings is preferably
attached to 4 compressible spring (224) to provide a cqntrolled axial pre-load to the assembly.

| The balls (201, 202) are substantially enclosed énd lubricant provided in the enclosed cavity.
In the preferred embodiment, the rotatable assembly is a rotary actuator assembly (105) of a
disk drive (100). Compared to conventional ball bearing designs, the present design reduces
the number of parts and volume of space occupied by the bearings, reduces hysteresis, and

improves shock resistance.

Fig. 2.
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;aﬁﬁﬁ?ﬁﬁtions, it is coomon to avoid the use of any type of ball or roller
bearing, allowing rotating surfaces to directly contact stationary
~surfaces. As a result, the longevity of "such parts is very linited. The use
of a sinple ball confined by concave surfaces could dramatically increase
the | ongevity and reduce drag in such &gflications. Typically, bearing
surfaces in such applications would be etched rather than machined.

In the preferred enbodi nent, a stanped steel pre-load spring is used to
inpart a controlled axial pre-load force to the bearings. However, it wll
be understood that a pre-load may be obtai ned through any of various
alternative neans. A spring nmay be constructed of helical or conical wre.
Alternatively, a conpressible material such as foamrubber nay be used in
pl ace of the spring.” The spring could also be nmounted in other |ocations,
e.g., on the rotor. As another alternative, the housing itself may be

18 sufficiently elastic to provide a pre-load within acceptable limts
wi t hout the use of any spring or auxiliary conpressible material.

100 )

FIG. |



R )
A beariﬁg pre-load is usually considered desirable to give stiffness to the
beari ngs and enhance their accuracy. |f the bearings are not pre-|oaded,
t he non-repeatabl e runout of the rotating assenbly would be very | arge,
i.e., the rotating assenbly would tend to wobble in an unpredictable
manner. Thi s wobbling woul d probably nmake a bearing w thout pre-Ioad
unsui tabl e for application .in an actuator or spindle notor of a disk drive,
due to the need-to follow very narrow tracks of data to a high degree of
accuracy. However, there nay be applications in which bearing pre-load is
not required or not desirable. Bearings whixd are not pre-|oaded would have
reduced-accuracy of alignnment and reduced stiffness, but m ght also be
cheaper, require even |l ess space, and have reduced stiction. Therefore in
an alternative enbodi nent of the present invention the bearings woul d not
be pre-| oaded. In the description above, certai.n features have

been referred to as "above" or "bel ow' the actuator, or described as

"upper" or "lower". These ter@xlare use nly—for ease of reference and are
consistent with the draw ngs [@fd the noyngl or\ent afflon used in the art.
However, the use of these termyjis not n ol y t h8F )t he present

i nvention requires any parti ¢dlar orieniitibr 0.9 he ;Vé-load spring to
be | ocated above the actuatou//The di sk|dYi Me|laf!|k he' preggrt invention

cted with tth
of rotat]o
and "rof af €
noti on u
understoodg;

could just as easily be const
the actuator, or with the axi
Additionally, the words "piv
to describe turning or spinn
context, these words should
object turns a full 360 degr
only through an arc of |ess

origontally.
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$. . .
degrees ' ' 19
Al t hough a specific enbodlnent of the i nventi on has been discl osed al ong

with certain alternatives, it will be recognized by those skilled in the
art that additional variations in formand detail may be made within the
scope of the follow ng clains. 3¥Bat is clained is:

224

FIG. 3



- CLAIVE: 1. A rotating disk data storage device, conprising:

a disk drive base; at |l east one disk for recording data, said disk
bei ng rotatably nounted on said base for rotation about a disk axis;

a bearing assenbly for a pivotable actuator, said pivotable actuator

pi voting about an actuator axis, said bearing assenbly conpri sing:

(a) a first freely rotating ball and a second freely rotating ball, said
ball-s bei-ng- centered on said actuator axis and axially separat ed;

(b) a.first stationary actuator nmounting, said first nmounting having a
first concave bearing surface centered about said actuator axis and in
contact with said first ball

" 4/8
" _
4014 0 401B
220
|
) 201 Lo
210" 211 3
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228 221 228
I ]
4024 4028

FIG. 4



(CS a Second st-ationary actuator nounting, said second nounting having a
second concave bearing surface centered about said actuator axis and in
tontact with said second ball; (d) neans for inparting a controlled
pre-load to said first and second bal|'s al ong said actuator axis; and

a pivotabl e actuator assenbly plvotably/mnunted on said bearing assenbly to
pi vot  about said actuator axis, said actuator assenbly conprising: :
(a) atlleast one transducer head supported by a suspension, (b) a
notor for pivoting said actuator assenbly about said actuator axis to
position said transducer head, and (c) a central support portion,
said central support portion haV|ng (i) athird concave
beari ng surface centered about said actuator axis and in contact with said
first ball, said third concave bearing surface opposing said first concave

m/

510 | 511

FIG.5



. ¥ L .
bearind surface along said actuator axis, said first and third concave

bearing surfaces confining said first ball, and
(ii) a fourth concave bearing surface centered about said actuator axis and
in contact with said second ball, said fourth concave bearing surface

opposi ng said second concave bearing _F%ace al ong sai d actuator axis,

sai d -second and fourth concave bearing . surfaces confining said second
ball. . 2. The rotating disk data storage device of claim1, wherein
said first and second balls are spherical. '

|

610”7

611

FIG. 6



3.0 " The rotating disk data storage device of claim 1, wherein each said
bearing surface contacts a ball at a respective annular portion of said

beari ng surface. 4, The rotating disk data storage device of claim
3, wherein said annular portions of said bearing surfaces in contact with
said balls are conical. 5. The rotating disk data storage device

of cllaim 1, wherein said neans for inparting a controlled axial pre-I|oad
conprises a conpressible spring supporting said second actuator mounting,
sai d conpressible spring being conpressed by said housing to inpart a
controlled pre-load to said first and secomtsbal | s. 6. The
rotating disk data storage device of claim1, further conprising an

el ectric notor and bearing assenbly for rotating said at | east one di sk,
said electric motor and bearing assenbly conpri sing: an

el ectromagnetic stator attached to said disk drive base; a bearing
assenbly for supporting a rotor, said rotor rotating about said disk axis
and

FIG. 7



support i ng sai d di sk, said bearing assenbly conpri sing: (a) athird
freely rotating ball and a fourth freely rotating ball, said balls being.
centered on said disk axis and axially separat ed; (b) a first
stationary rotor mounting, said first rotor mounting having a fifth concave
bearing surface centered about said disk axis and in contact with said
third ball; (c) a second stationary rotor nounting, said second
rotor mounting having a sixth 'concave bearing surface centered about said
disk axis and in contact with said_fourthsggll;
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andza t ote%—&ei—at—ab%y—nﬁmﬁed on said bearing assenbly fofSUDPOLLLDT, Querr |
. (a) a rotor housi ng'a%%’é’n’ﬁﬂf’-';'f’;:“‘ghg&hg

fotor, said,. pt 0 I,SI.Ng:

prot Or hous%‘sgﬁ)eet%as Y l%eﬂdi ng a central portion having: _ 131 Frﬁ? ]Sr?Y
(1) a sevent m lﬂH i ng surface centered about saidid &R “axtgaAm T
contact with 1, said sevenfh concave beari ng—surlace opposi ng
said fifth concave bearing surface along said disk axis, ] ~Yale
sevent h concave bearing surfaces confining said third baJl, AS Beg
(ii) an eighth concave bearing surface centered about sai d O '
contact w ' yd ei ghth concave bearing surface oppost
sai d si x}t,ph M(%\gﬁckgfvg%%rﬁilﬁé}ésﬂ}‘@ge al ong said disk axis, said sixth and
ei ght h concave bearing surfaces confining said fourth ball; and.

(b) nmeans for inparting torque to said rotor in response to an

el ect r omag i objeétalfdhe present invention to ameliorate one or more of the above-mentioned

’

disadvantages

f

4

According to one aspect of the invention there is disclosed a rotating disk data storage
device, comprising:

a disk drive base;

at least one disk for recording data, said disk being rotatably mounted on said base for
rotation about a disk axis;

a bearing assembly for a pivotable actuator, said pivotable actuator pivoting about an
actuator axis, said bearing assembly comprising:

(a) a first freely rotating ball g_md_a second freely ;'otating ball, said balls being
centered on said actuator axis and axially separated; |

(b) a first stationary actuator mounting, said first mounting having a first concave
bearing surface centered abou_t said ﬁctuator ax1s and in contact with said first ball;

(c) a second stationary actuator mounting, said second mounting having a second
concave bearing surface centered about said actuator axis and in contact with said second
ball;

(d) means for imparting a controlled pre—loéd to said first and second balls along said

actuator axis; and



Jenerated by said stator. 7. . The rotating disk data ﬁa_&lag‘& dav& beE‘zT
of claim1l, wherein said central support portion of said acfuator pqsml ]997
gonprises a unitary shaft menmber pivoting about said axis, fabals th.- s RO R

concave bearing surface being at one axial end of said unita
menber, and said fourth concave bearing $urface being at the other axial

end of said unitary shaft nenber. 8. The rotating disk data
storage device of claim1, further conprising: a first holl ow
cylindrical shroud surrounding said actuator axis and encircling said
first freely rotating ball; and a second hollow cylindrical shroud

surroundi ng said actuator axis and encircling said second freely rotating

bal . a pivotable actuator assembly pivotably mounted on said bearing assembly to, pivot

about said actuator axis, said actuator assembly comprising:
(a) at least one transducer head supported by a suspension,

(b) a motor for pivoting said actuator assembly about said acttiatop axis to position

said transducer head, and v

(c) a central support portion, said central support portion having

(i) a third concave bearing surface centered about said actuator axis and in
contact with said first ball, said third concave bearing surface opposing said first concave
bearing surface along said actuator axis, said first and third concave beariﬂg surfaces
confining said first ball, and

(ii) a fourth concave bearing surface centered about said actuator axis and in
contact with said second ball, said fourth concave bearing surface opposing siaid second
concave bearing surface along said actuator axis, said second and fourth conc':ave bearing

surfaces confining said second ball.



REPLACERMEBAISKHEET Il
first hollow cylindrical shroud extends fromsaid first statjj onar ygﬁ%ﬁtﬁo{ -
pounting to encircle a first portion of said central support| Petet:i.oh.loff&R..! 99‘
said actuator; and said second hollow cylindrical shroud ex ; !
second stationary actuator nounting to é&ncircle a second portion of said
central support portion of said actuator.

|
9. . The rotating disk data storage device of claimS8, V\/nere]

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a magnetic disk drive storage unit according to the preférred
embodiment; f

Fig. 2 is a partial cross-sectional view of the magnetic disk drive', showing the
actuator assembly, according to the preferred embodiment;

- Fig. 3 is a top view of the pre-lead spring of the preferred embodiment;



Ty |

: said second ball, said fourth concave beari ng su fy@t(}ﬂ _eppemmwgcr
Sgld second concave bearing surface along said axis, Baid second_and

T T T T G A s TR L

surface and sdi d*fofirth concave beari ng Qirface are p05|t|oned between sai d
first concave bearing surface and said second concave bearing surface.
10. The b&Mgm assenbly of claim 8, wherein each said bearing surface
contacts &4 at a respective annular portion of said bearing surface.
11. - The bearing assenbly of claim8, further conprising neans for inparting
a controlled axial pre-load to said first and second balls. 12.
The bearing agsenpl ] -3 ns for inparting a
controlled ax?al ”%rréga?lfnggﬁﬁé &Etﬂtorg@%’éﬁkﬁpc%gﬁs&lsg@?‘ spring supporting said
second stati opgfsk d¥RMMHakdld. sai d conpressible spring inparti ng a controlled
pre-load to said first

at least one disk for recording data, said disk bemg rotatably mounted on said base for

rotation about a disk axis; '

‘a bearing assembly for a pivotable actuator, said pivotable actuator pivoting about an
actuator axis, said bearing assembly comprising:

(a) a first freely rotating ball' and a second freely rotating ball, said balls being
centered on said actuator axis and axially separated;

(b) a first stationary actuator mounting, said first mounting having a first concave
bearing surface centered about said actuator axis and in contact with said ﬁrsf ball;

(c) a second stationary actuator mounting, said second mounting having a second
concave bearing surface centered about said actuator axis and in contact with said second
ball;

(d) means for imparting a controlled pre-load to said first and second balls along said
actuator axis; and

a pivotable actuator assembly pivotably mounted on said bearing assembly to pivot
about said actuator axis, said actuator assembly comprisihg:

(a) at least one transducer head supported by a suspension,

(b) a motor for pivoting said actuator assembly about said actuator axis to position
said transducer head, and

(c) a central support portion, said central support portion having

(i) a third concave bearing surface centered about said actuator axis and in
contact with said first ball, said third concave bearing surface opposing said first concave
bearing surface along said.actuator axis, said first and third concave bearing surfaces

confining said first ball, and



ahd second bal | s. 13.  An electric notor, conprisi ng~- 3TN g.‘EcT

stationary base; an el ectro-magnetic stator att acheﬁ to sa.t dlalﬁft§e1997

ZXIbgarl n mﬁmllmﬂuuéuwso&lnggl a; Lgt or, said rotor rotati

(a) a*fiast fleefy Totatlng bal | an?d‘ a second freely rotating ball,
sald bal I s being

(ii) a fourth concave bearing surface centered about said actuator axis and in
contact with said second ball, said fourth concave bearing surface opposing said second
concave bearing surface along said actuator axis, said second and fourth concave bearing
surfaces confining said second ball. ‘

2. The rotating disk data storage device of claim 1, wherein said f;rst and second
balls are spheriqal. : | p |

3.  The rotating disk data storage device of claim 1, wherein ¢ch said bearing
surface contacts a ball at a respective annular portion of said bearing surface.

4. The rotating disk data storage device of claim 3, wherein said annular portions
of said bearing surfaces in contact with said balls are conical.

5. The rotating disk data storage device of claim 1, wherein said means for
imparting a controlled axial pre-load comprises a compressible spring supporting said
second actuator mounting, said compressible spring being compressed by said housing to

impart a controlled pre-load to said first and second balls.

6.  The rotating disk data storage device of claim 1, further comprising an electric
motor and bearing assembly for rotating said at least one disk, said electric motor and
bearing assembly comprising:

an electro-magnetic stator attached to said disk drive base; | |

a bearing assembly for supporting a rotor, said rotor rotating about said disk axis and
supporting said disk, said bearing assembly comprising:

(a) a third freely rotating ball and a fourth freely rotating ball, said balls being
centered on said disk axis and axially separated; '

(b)a ﬁfst stationary rotor mounting, said first rotor mounting having a fifth concave
bearing surface centered about said disk axis and in contact with said third ball;

(c) a second stationary rotor mounting, said second rotor mounting having a sixth

concave bearing surface centered about said disk axis and in contact with said fourth ball;



xi al I'y separ at ed, (b) a first t@&bonaf‘ym&-pgggg-r I
said first mounting having a fII’St concave bearing surf

¥
cent er

centeredl H m! ul uﬂt Hllgnd in contact with said first balll;pae cb%aFEBlgm !
second s unting, said second nounting havi ig—a—seecend

concave bearing surface centered about s¥ d axis and in contact with said
second ball; and a rotor conprising: (a) a rotor housing; (b) neans
for'irrparting torque to said rotor in response to an electro-magnetic field
generated by said stator, (c) a third concave bearing surface centered

about said aX| s, and in cont act with said fjrst b said third concave
bearing surf 230¢ HEPELTRfaRIY TAEYNeden s34, eaFngiAs 6\?% fQr $UPREE NG| HTRL0L: Spid

axis, said first and third concave bearing surfaces conflnlng said first
bal | | and-otor compr1s1 g:

(a) a rotor housing assembly, said rotor housing assembly 1nclud1ng a central portion
having:

(i) a seventh concave bearing surface centered about said disk axis and in
contact with said third ball, said seventh concave bearing surface oppo’éing said fifth
concave bearing surface along said disk axis, said fifth and seventh concave bearing
surfaces confining said third ball, and

(ii) an eighth concave bearing surface centered about said disk axis and in
contact with said fourth ball, said eighth concave bearing surface opposing said sixth
concave bearing surface along said disk axis, said sixth and eighth concave bearing surfaces
confining said fourth ball; and.

(b) means for imparting torque to said rotor in response to an electro-magnetic field
generated by said stator.

7.  The rotating disk data storage device of claim 1, wherein said central support
portion of said actuator assembly comprises a unitary shaft member pivoting about said
axis, said third concave bearing surface being at one axial end of said unitary shaft
member, and said fourth concave bearing surface being at the other axial end of said unitary
shaft member. .

8.  The rotating disk data storage device of claim 1, further comprising:

a first hollow cylindrical shroud surrounding said actuator axis and encircling said
first freely rotating ball; and

a second hollow cylindrical shroud surrounding said actuator axis and encircling said

second freely rotating ball.



(H), a fourth concave bearing surface centered about said axi r‘dﬁd {4 AL ENT SHEET
contact w , said fourth concave bearing sprface op 03| ng
sai d seconF'!ioncave beari ng surface along said axis, said se drete and... dEEBﬂgQZ

concave be m w’ﬂﬁnfl ning said.second ball.  14.
said third coricave bearing surface

nmotor of c
26 and said fourth céncave bearing surface are positioned between said
first concave bearing surface and said second concave bearing surface.

15. The electric nmotor of claim 13, further conprising neans for inparting
a

9.  The rotating disk data storage device of claim 8, wherein:

said first hollow cylindrical shroud extends from said first stationary actuator
mounting to encircle a first portion of said central support portion of said aétuator; and said
second hollow cylindrical shroud extends from said second statiohary ac;i:uator mounting to

encircle a second portion of said central support portion of said actuator.



controlled axial pre-load to said first and second balls. ' REPL/Z;{-‘:;-E;ﬂ.Eﬁa;'E' SHEET
The electric notor of claim 15, whiérfé€in Said-:means for imfjarting a '
gontroll ed axial pre-load conprises a conpressible spring um@r;_t_jlnl;_;ﬁﬁﬂ_dggl
second stationary nmounting, said conpressible spring inpart ortroH—ed
pre-load to said first and second balls. 17. The el ectric notor
of claim 13, wherein said neans for inparting torque to said rotor in
response to an electro-magnetic field (égnpri ses a set of pernmanent nagnets

attached to said rotor housing.

PIVOT BEARING

ABSTRACT

A bearing design for a rotatable assembly includes two freely rotating balls (210, 202)
mounted on the axis of rotation (106) of the assembly and axially separated, one near each
axial end of the assembly. Each ball (210, 202) is confined by a moving concave (preferably
conical or frustro-conical) bearing surface (210, 213) of the rotatable assembly and a
corresponding fixed concave bearing surface (211, 212) of a mounting (222) attached to a
frame, housing, or similar non-rotating structure. One of the fixed mountings is preferably
attached to a compressible spring (224)'i to provide a controlled axial pre-load to the assembly.
The balls (201, 202) are substantially enclosed and lubricant provided in the enclosed cavity.
In the preferred embodiment, the rotatable assembly is a rotary actuator assembly (105) c_)f a
disk drive (100). Compared to conventional ball bearing designs, the present design reduces
the number of parts énd volume of space occupied by the bearings, reduces hysteresis, and

improves shock resistance.

Fig. 2.



number of parts makes it increasingly difficult to shrink the size of the bearing assembly.
Additionally, when this design is miniaturized for a small form factor disk, individual balls
become extremely small and susceptible to mechanical shock. Finally, multiple balls generate
significant bearing drag and mechanical hysteresis, the latter being particularly troublesome for
rotary actuators, which frequently alter direction.

It has been proposed to address problems of miniaturization of spindle bearings by using
fluid or hydrodynamic bearings. Such bearing designs could potentially reduce parts, permit
greater speeds, and enhance shock resistance of spindle bearings. However, oil containment in
such a limited space is a major problem which has yet to be completely overcome. Additionally,
proper operation of a fluid bearing requires continuous, high speed rotation. Disk spindles,
which typically rotate at high constant speed, may become suitable applications. But a rotary
disk actuator typically moves back and forth in a short arc. The motion of a disk actuator would
generally not produce sufficient fluid pressure to support a fluid bearing, and fluid bearings
would therefore be unsuitable for disk actuator assemblies.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or’ more of the above-mentioned
disadvantages. |

According to one aspect of the invention there is disclosed a rotating disk data storage
device, comprising:

a disk drive base;

at least one disk for recording data, said disk being rotatably mounted on said base for
rotation about a disk axis;

a bearing assembly for a pivotable actuator, said pivotable actuator pivoting about an
actuator axis, 'said bearing assembly comprising:
(a) a first freely rotating ball and a second freely rotating ball, said balls being centered on said
actuator axis and axially separated; _
(b) .a first stationary actuator mounting, said first mounting having a first concave bearing
surface centered about said actuator axis and in contact with said first ball;
(c) a second stationary actuator mounting, said second mounting having a second concave
bearing surface centered about said actuator axis and in contact with said second ball;
(d) means for imparting a controlled pre-load to said first and second balls along said actuator

axis; and
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