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CRASH STOP SHOCK RING B
FOR THE PROTECTION OF DISK DRIVE MOTOR BEARINGS

Field of the Invention

This invention reiates to the prevention of damage to ball
bearings in high precision disk drive assemblies and more
specifically to the prevention of ball bearing damage in
small ball bearings caused by shock impacts.

Background Art

-

As precision "-devices such as disk drives are reduced in size,
the components of the disk drive assembly likewise must be
reduced in size, Whenever the ball bearings of the disk
drive motor aré made smaller to fit into the small form
factor disk drives, the ability of the ball bearing
assemblies to withstand impact and shock forces is
significantly reduced. Although ﬁhe design of the component,
specifically the ball bearing, may be substantially the same
as the des'ign for its larger predecessor counterpart, the
reduced load rating of the individual components of the ball
bearing assembly cannot accommodate the same level of forces
without experiencing failure as may be exerted onto the
larger ball bearing assemblies. Becausé the precision
manufacturé of small form factor disk driveé requires
extremely fine tolérances and provides little allowance for
deviations in performance, augmentation of the shock
tolerance of the reduced size components is required in orxrder
that these disk drives be sufficiently rugged to withstand
impacts and shocks which can be commonplace.

Shocks exerted onto the ball bearings can be axial, in the

direction of the axis of the shaft on which the bearing is

disposed; radial, substantially perpendicular to the axis of
the shaft; or a combination of radial and axial should the
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impact force be exerted at a distance displaced from the

;% plane of the ball bearing. In addition to the force factors
L of ax1a1 and radial force vectors, a moment or torquing about
. 'the ‘ball bearing assembly can occur due to an off-line force
:f'coupled with one of the ball bearing assemblies acting as a
Zf pivbt and the other ball bearing assembly being the source of
;?}the]resistance to the moment. For ball bearings which absorb
'til;a substantially ‘axial impact, the load of the impact is
. shared by all of the balls in the ball bearing assembly.
. QiHowéver, if a ball bearing assembly is impacted in a radial
[fqi;éétion, quite possibly only one of the balls of the ball

Z bearing assembly may carry the entire load of the impact.

-1As.the impact occurs in the radial'direction, the " force
-exerted on the outer race will impart a force to one or more
fof the balls placed between the outer race and the inner
ITrace, and then only on those balls which are resident in the

semi-circular annular region between the outer and inner

:fracéé'and on the side of the shaft where the impact force is

: focused.

As will be appreciated whenever there are a small number of

_balls_in the ball bearing assembly, six for example, and one

of those balls is directly between the axis of the ferce

- impacting the outer race against the ball and toward the axis

of the shaft, all or substantially all of the impact force

will be carried by that single ball. As the force is

transmitted agalnst the inner race by the ball or balls
positioned to carry the impact force, the shaft of the
device, such as a disk drlve for example, will resist any
movement of the inner race. Dependlng on the magnitude of
the shock or impact force, the materlal in the inner and
outer ;aces or the balls will begin to deform to a varying
extent. Responding to a small force, the ball will tend to
;pgnetrate the respective race surfaces by a corresponding
small amount. No damage will occur so long as the
penetration of the ball into the race of the ball bearing
assembly or the ball deformation is totally within the
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elastic limits of the material from;Wﬁieh the inner and outer
rdaces are fabricated. Once the impact force has been
dissipated and the ball bearing ée?embly returns to its
unaffected state, the elastic natureibf the deformation will
permit the balls and races of the ball bearing to restore
themselves to an unaffected shape and surface.

on the other hand, should the sheek or impact force be
sufficient to deform the inner and outer races or balls
beyond their elastic 1limit and inte a region of plastic
deformation, the surface of the race or ball is deformed to
the point where the race or ball surface will not resume its
original configuration and thus will'present an irreqularity

as the balls rolls past the point of penetration causing

vibration and runout of the bearing. Due to bearing
vibration and runout, there is a rebulting runout of the
rotor: of the disk drive motor. Since:the rotor is atéached
to or is part of the hub which in turn supports the maqnetlc
disks!, there will be a correspondent runout of the disk.
Runout of the disk is unacceptable beyond very small limits
because the runout will cause recording track misregistration
and it will be impossible to read.:data. which has been
previously recorded on the magnetie disk surface in a
circular track of a precise radius. -

Similarly, if data is being recorded on a disk which is
experiencing runout beyond an acceptable limit, the recording
track being laid down on the surface of the dlSk may not
correspond to the p051t10n of the track at a future time as
an attempt is made to read the data from the magnetic disk.

While the deformation in the inner and outer race surfaces
may be only measurable in micro J.x}qhe_s in a very small
precision ball bearing, these small é':'
sufficient to severely degrade the per:ormance of the bearing
and the device incorporating the bearlng

‘ace disruptions are

Due -to manufacturing tolerances, desi@ﬁigonstraints as well
a8s the inherent elasticity of the matérials from which the
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bearings, shaft and tﬁh §hub of the disk drive are
manufactured, some very 11m1ted movement of the rotor may
occur about and/or along.an.x_or Y axis and along the Z axis,
where the axis of rotation and the Z axis are coincident and
the X and Y axis are radial to the shaft. Depending upon the
point of impact or shock, the most likely motion will be a

rotation of the rotor may occur about either or both of the

X and Y axes. This rotation of the hub and consequently the
inner and outer races will compress at least one ball in each
of the ball bearing assemblies. Depehding on the amount of
the rotational movemedt and tlie spacing of the bearings, the
compression may exceed the elastic deformation 1limit of the

material of the races.

Where the bearing assemblies are both placed at positions

near one end of the rotor and consequently one end of the
' shaft, the potential for bearing damage is increased. This
increased potential for damage is due to the lever arm
through which the impact force may aét, thereby increasing
the force on the balls and races. The only viable approach
to preventing any damage caused by shock or impact forces is
to cushion the device to absorb some or all of the forces or
to block transmission of the forces to the bearing
assemblies. _ -

Summary of the Invention

It is an object of the invention to llmlt the damage to ball

bearing assemblies which may result from impact or shock
forces.

It is another object of the invention to 1limit the
undesirable movement of the rotor of a'motor having precision
ball bearings therein along or about the X and/or Y axis or
along the z axis where the Z axis and the axis of rotation of
the rotor are coincident.

It 1s another object of the invention to eliminate such
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detrimental rotational motion of the rotor about the X and Y
axis by blocking such movement.

It is a still further object of the invention to eliminate
such movement about the X and Y axis by clamping the rotor
with respect to the stator.

By limiting rotor movement in directions other than the
desired rotation about the designated axis of rotation, the
Z axis herein, compression of the bearing balls against the
races is limited. Limitation of such undesired movement may
be approached in one of several ways. '

One approach is to dispose a crash stop ring about the stator
or shaft of the motor and inside the interior diameter cf the
rotor. The exterior surface of such a crash stop ring
confronts the interior surface of the rotor. If the rotor
attempts to rotate about an X or ¥ axis or move along the X
and/or Y a¥is or a combination thereof, the crash stop ring
ﬁill'move, relatively, into confrontational engagement with
the interior surface of the rotor thus preventing the rotor
from any further unwanted and detrimental rotational or
translational movement. The crash stop ring and bearing
assemblies will share the impact or shock forces thus reduce
the loading on the bearing components to enhance the
likelihood of no damage to the bearing.

For damage to the race surfaces to occur, the outer race must
be moved by an amount that will translate into damaging
penetration of the ball into the race surface, leaving
surface irregularities on the races. Th?_spacing between the
exterior surface of the crash stop rfng and the interior
Surface of the rotor is designed to be less than the distance
that the rotor must be displaced to §exceed the elastic
deformation limits of the bearing racee; By permitting the
rotor to move a small amount and st111 remain w1th1n the -
elastic deformatlon limits of the 1nner and outer race
materials, the rotor may be moved into engagement or contact

mr——

i
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with the crash stop ring. Once the crash stop ring is
engaged with the rotor structure, the crash stop ring will
resist any additional movement of the rotor. Since the crash
stop ring is solid, its compressionability will be
significantly less than the comp;éssionability of the ball
bearing assembly. Accordingly, at least some of the impact
forces will be transmitted to and borne by the crash stop
ring to the shaft or stator of the disk drive motor. While
"some forces will continue to be - exerted onto the ball or
balls of the ball bearing assemblies, the forces will be
sufficiently limited to prevent déformation in the inner and
outer races not to exceed the elastic deformation limits of

the material.

Once the crash stop ring and the rotor are engaged with each
other and the shock impact forces.are being shared by the
crash stop ring and transmitted to the shaft or stator, no
further movement of the rotor with respect to the stator
about either or both of the X or Y axes will be possible.
Without any additional relative movement, there will be
insufficient displacement of the outer race with respect to
the inner race to cause any furthe?_penetration of the balls
into the surface of either the inner race or the outer race,
thereby suppressing any damage to either of the race surfaces
or the balls of the ball bearing assembly.

The crash stop ring may be elther a passive or an actlve
device. In the case of a pa551ve crash stop ring, the
Clearance between the external surface of the ring and the
internal surface of the rotor is dééermined and fixed at the
time of manufacture. The gap between the two surfaces is
designed and constructed to be leéé than the distance that

‘that portion of the rotor must move 1n order to cause damage
to the bearings. Lo

In the case of an active crash stopfring, the crash stop ring
may be a composite formed of a shallow cup-shaped metal
member having a central hole therein to accommodate the shaft

- "This Sheet Has Been Reﬂlac
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of the stator and having an external cylindrical wall having
a thickness sufficient to withstand impact of the rotor
against the wall. The wall, as well as the radial flange
portion of the ring, must be relatively thin in order to be
deformed by an annular ring of piezoelectric material and
then bonded inté the interior of the shallow cup-shaped metal
ring. The resultant composite ring then may be contracted by
the piezoelectric ring portion when an electrical potential
is applied thereto. The composite ring structure is
fabricated to “himensions such that the outside diameter
dimension of tﬁé'gomposite crash stop ring in its relaxed
state is slightly larger than the interior diameter of the
rotor at the region where the crash stop ring engages the
interior of the rotor, to effectively seize the .rotor

surface.

Further, the characteristics of the piezoelectric material
are selected and}the dimensions of the piezoelectric material
arei defined so that when the composite crash stop ring is
provided with an electrical potential, the contraction of the
piezoelectric material will be sufficient to pull the
exterior diameter of the composite crash stop ring to a
dimension of less than the interior diameter of the rotor
thus effectively disengaging the crash stop ring from -the
rotor and permitting the rotor to turn freely about its axis
of rotation.

When the electrical potential is removed from the composite
crash stop ring,'fhe ring will restore to its relaxed state
and effectiVely grab or seize the interior surface of the
rotor, not only preventing rotation of the rotor about its
axis of rotation but also stabilizing the rotor, so that no
movement of the rotor around or along' either the X or Y axis
may occur. It is recognized that piezoelectric materials,
although solids, are compressible or deformable to some
extent. However, the crash stop ring will absorb sufficient
force to prevent damage to the ball bearing assemblies of the
disk drive within the design criteria for the device and the

e
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bearings.

The crash stop ring also may be positioned exterior to the
rotor if the exterior of the rotor is manufactured to
sufficxently close tolerances to permit a closely fitting
ring to encircle the rotor without affecting rotation of the
rotor around the axis of rotation. The only other additional

requirement would be that the necessary mounting structure.

for the ring exist and be compatible with the remainder of
the design of the device in which the crash stop ring is
included.

An additional embodiment of the crash stop ring stabilization
of a rotor would include a flange extending in the radial
direction from the rotor. A piezoelectric ring would be
rigidly mounted on both sides of the flange to engage one of
the planar surfaces of the flange when the piezoelectric ring
is in the relaxed state. With two such crash stop rings
disposed so that the rings can engage both plaﬂar surfaces of
the flange, the rotor is effectively clamped between the two
plezoelectric crash stop rings whenever the piezoelectric
crash stop ring is disconnected from the power source used to
contract the piezoelectric material in a direction parallel
to the axis of rotation of the rotor. The piezoelectric
material would be fabricated in such a way that the
orientation of contraction would be substantially normal to
the plane of the crash stop ring,. and the material would be
oriented, in the particular crash stop ring assemblles, to
contract in a direction opposite that Qf the other crash stop
ring so that the engaging surface of eééh crash stop ring can
be withdrawn and disengaged from the surfaces of the rotor
flange. |

One significant characteristic of the composite piezoelectric
crash stop ring structure is that the extent of contraction
of the piezoelectric material and therefore of the composite
ring structure may be controlled by the magnitude of the
electrical potential applied thereto; therefore, the gap

ThlS Sheet Has Been R
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between the crash stop ring and the engaging surface of the
rotor may be controlled during operation to present the
sﬁallgst possible operating gap; if it is desired, to
precisely control the gap between the crash stop ring and the
rotor during the operation of the disk drive. At the time
that the rotor and disks of the disk drive are brought to a
standstill, the piezoelectric material is allowed to return
to its relaxed state and seize the rotor.

A more complete and detailed understanding of the invention
may be had by reference to the drawings and the detailed
description of the invention to follow.

Drawings

FIG. 1 illustrates a conventional spindle motor such as may
be used in a disk drive.

FIG. 2 is an illustration of the spindle motor of FIG. 1
wherein crash stop rings have been provided to reduce shock

_damage.

FIG. 3 illustrates another arrangement of. the crash stop
rings within the spindle motor illustrated in FIG. 1. -

FIG. 4 illustrates an embodiment having crash stop rings
disposed adjacent to the ball bearing assemblies of a spindle
motor wherein the crash stop riggs may be glectrically
controlled to engage and to disengage the spindle motor
rotor.

FIG. 5 illustrates a crash stop ring of the type found in the
motor illustrated in FIG. 4.

FIG. 6 illustrates a piezoelectric crash stop ring utilized

to clamp a flange on the spindle motor rotor.

Fig. 7 illustrates a disk drive which may utilize the crash

Tthhax
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;f{his invention.

iled Description of the Best Mode
 ;referred Embodiments of the Invention

Referring néw{ié-the spindle motor of FIG. 1, the spindle
motor 10 is éﬁiérised of a shaft 12 carrying thereon a coil
or coils 14 ¢ “féate the magnetic field necessary to make
the motor loidpérate. Surrounding shaft 12 are ball bearing
"assemblies 16;717 which in turn support rotor 18. Rotor i8
carries on an. interior surface 64 field magnets 21 to
interact with;5fé'magnetic field generated by coil 14. Ball
bearing aSsembl”és 16, 17 surround shaft 12 and support rotor
18. Ball beariﬁg,éssemblies 16, 17 are formed conventionally

.

of inner racesﬁZO; 26, outer races 22, 28 and balls 24, 30,
respectively. ‘Balls 24, 30 engage the surfaces of races 20,
26 and 22, 28_i§;the form of a point contact. As a force is:
exerted onto the balls 24, 30 either by gravity acting upon
the rotor 18 qffdﬁe'to the impacting of a shock force onto'
rotor 18 or thfqugh shaft 12, the engagement of the balls 24,
30 with the ﬁ”*“s; 20, 26, 22, 28 changes from a point
engagement tb ﬁh-elliptical shaped engagement due to the
curvature of'ﬁhé”ﬁaceslzo, 22, 26, 28 that encircle shaft 12.

By way of an eiaméle, an impact force is illustrated in its
component partsiﬁy arrows Fx and Fz. Fz exerts a force
substantially gé.'z:g_llel to the axis of shaft 12. The force Fx
is substantia;I _ﬁerpendicular to the axis of shaft 12. 1f
point P2 jig takéﬁzas the pivot point for the purposes of
analyzing the Jgﬁfect of force Fx, the force will be
tranSmitted.abohﬁfpoint P2 and will result in the compression
of race surface 22 onto ball 24 at the point indicated by the
arrow 40 and thgiﬁdrresponding force will be transmitted from
ball 24 at arroﬁjﬁz-onto inner race 20. The tendency will be
to spread the rﬁé@s 20 and 22 away from the remaining balls
of the ball bea?;ng-assembly 16. Thus the major portion, if
not the enti;e3 fprce on the races 20 and 22, will be
concentrated at 5é1l 24. As rotor 18 attempts to make a




point P2, b
. ball bearin

clockwise movement as indicated generally by arrow 32, about
mint ] ' '30°'will be compressed by the races 26, 28 in
1ssenibly 17 and will exert forces at points and
infthe gene :_dlrection of arrows 44 and 46 onto-the inner
race 26 and' b ‘outer race 28 onto the ball 30 as indicated by
arrows 48 and' 50. If sufficient movement of rotor 18 is
permitted a dg point P2 in the direction of arrow 32 the
ted by balls 24 and 30 onto the respective races
I1 exceed the elastic limit of the materials from
o§ 20, 26 are fabricated. A similar analysis
J;ﬁ'respect to other pivot points such as Pl.

5 22 and 28 will exert forces created by the
otor 18 in direction 32, and thus will cause
p;;o_penetrate the surfaces of races 22 and 28
"ﬁAt the penetration will cause deformation
:é;asticity of the race material and will
?ss into the plastic region thus permanently
race surface. |

Similarly, r:
movement of '
balls 24 and

exceeding hh
accordingly 1}
deforming the

A small def,u;atibn which is permanent then will cause
vibration and nout during the disk drive operation. Runout
in the bear;ng éSSémblies 16, 17 will cause. a corresponding
runout of-roﬁ r 18 and of disks 52 which are supported by-and
rotate w1th ot 18. When 7runout occurs, track
misregistratlo :occurs between the tracks of data (not shown)
.magnetic disks 52 and a read/write head (not

written onto:
shown) whicﬁ-
and at precis
When-track.m;

positioned in extremely close proximity to
:gdiai distances from the axis of shaft 12.
: :gistfation occurs, data that has already been
stored on the ~$k 52 cannot reliably be retrieved and any
data being ' Written to the disk 52 during track
misregistrati nfthen will be spatially misplaced and in all
probability W l_not be retrievable at a later time if the
runout prove
vibration. T
11 is in the
acceptable am

to be non-repeatable or is manifested as

C?ljrunout for small form factor disk drives
ange of two to three micro inches while an
nt of runout is typically less than five to
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six micro inches. When runout exceeds the five to six micro
inch 1limit, the reliability of reading and writing on
rotating disk 52 is severely degraded and the disk drive 11
may become inoperable.

While force Fx is indicated as impacting onto rotor 18, it

" should be understood that if t-he disk drive 11 or the

computer into which it is incorporated is dropped or shocked
at an appropriate angle, shaft 12 will be the source of the
shock with the inertia of the rotor 18 and disks 52 tending
to create a force transmitted through the bearing assemblies
16, 17 which is analogous to or may be considered to be a

.force Fx exerted onto the rotor 18.

A similar analysis may be made for other locations and other
orientations but f£from the forergng, it can be readily
understood that forces exerted onﬁoithe rotor 18 or onto the
shaft 12 as a result of the inertia of rotor 18 may be
transmitted through the races 20, 22, 26, 28 to the balls 24,
30 in the bearing assemblies 16, 17 and may potentially
damage the surfaces of the races 20, 22, 26, 28 or balls 24,

30. Where the damage will occﬁr' first depends on the
relative hardness of the balls 24) 30 and races 20, 22, 26,
28. ' -

From FIG. 1, it is readily apparent'rhat a significant amount
of the shock or impact force Ex .may be d1551pated and
absorbed by some method where the movement of rotor 18 in the
direction indicated by arrow 32 lsfeignlficantly restricted.

Since the penetration of the balls ‘30 into the respective
races 20, 22, 26, 28 is primarily a;:function of the movement
of rotor 18, and the relative hard ess of the balls 24, 30
and races 20, 22, 26, 28, for example in direction of arrow
32, the blocking of such movement 1n direction of arrow 32
will limit the compression of the elements of the ball
bearing assemblies 16, 17 to the po nt where the balls 24, 30
will not excessively penetrate thei'yrfaces of the races 20,
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22, 26, 28 and accordingly also will prevent damage to the
ball bearing assemblies 16 17.

Referring now to FIG. 2, the spindle drive motor 10 of FIG.
1 is illustrated with crash stop rings 60 and 62. Crash stop
ring 60 is inserted into engagement with and supported by the
interior surface 64 of rotor 18. Crash stop ring 60 is
fabriceted-to a dimension which will leave a small gap or
clearance 66ibetween the inner diameter 68 of crash stop ring
60 and shaft 12. Similarly, crash stop ring 62 is inserted
into and supported by the inner cylindrical surface 64 of
rotor 18 and is manufactured to provide a gap 70 between
crash stop ring 62 and shaft 12. The gaps 66 and 70 must be
sufficient to prevent any inhibition of rotation of rotor 18
with respect to the shaft 12. However, when rotor 18 is
attempted to be rotated about point P2 or any other similar
point along the axis of shaft 12, stop ring 60 and stop ring
62 will be shifted substantially in a radial direction,
toward the circumference of shaft 12 resulting in engagement
when the gaps:GG and 70 are closed. Once either or both gaps
66, 70 are closed at any point between the shock ring 60 and
62 in shaft 12, further movement of rotor 18 in the direction
indicated by arrow 32 is restricted. Thereafter, continued
increases in the force level of force couple 44, 46 of RIG.
1 generated within the ball bearing assemblies 16, 17 is
prevented and the force couples already existent when crash
stop ring 60 or 62 engage shaft 12 are limited to forces less
than that necessary to cause permanent plastic deformation of
the components of bearing assemblies -16, 17.

With reference now to FIG. 3, an embodiment is illustrated
which is similar in function to the embodiment illustrated in
FIG. 2. cCrash stop ring 62 is engaged with and supported by
a shaft 12. €rash stop ring 62 ah& rotor 18 define the
narrow gap 71 and the crash stop rlng is disposed adjacent to
bearing assembly 16. Similarly, erash stop ring 60 is
displaced from the position illustrated in FIG. 2 to a
position near the lower extremity of rotor 18 as illustrated
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in FIG. 3. Similar to gap 71, gap 67 is located between
crash stop-ring 60 and rotor 18. Crash stop ring 60 also is
engaged with and supported by shaft 12 in an analogous manner
to that of crash stop ring 62. Due to the location of crash
stop ring 60, displaced a greater distance from the ball
bearing assemblies 16, 17, the gap 67 may be slightly
enlarged over the corresponding dimension of gap 66 as shown
in FIG. 2. Crash stop rings 60 and 62 in FIGS. 2 and 3 limit
the rotation of rotor 18 about the X or Y axis, where the 2
axis is coincident with the axis of shaft 12, and the-axis of
rotation of rotor'la.

An alternative embodiment of a crash stop ring installation
is found in FIG. 4, reference to which is now made. Spindle
motor 10 is illustrated having a fixed shaft 12 and rotor 18.
The rotor 18 is supported on shaft 12 by ‘ball bearing
assemblies 16, 17. The remainder of the structure of the

. . O i
motor is conventional and accordingly will not be further

described in detail.

Positioning the crash stop rings 80 between ball bearing
assemblies 16, 17 is effective to perform the protective
function even when flexure of the shaft would interfere with
proper operation of the motor when the crash stop rings-60,
62 are positioned as in FIG. 3. This positioning applies to
either solid or piezoelectric crash stop rings.

Crash stop rings 80 are disposed intermediate ang relatively
closely disposed to ball bearing assemblies 16, 17. The

crash stop rings 80 are fabricated. to be supported on shaft

12 and to remain stationary therewith. In order to engage
the interior surface 64 of rotor 18, a ring of variable and
controllable outside diameter is provided. The crash stop
ring 80 is a piezoelectric composite wherein a piezoelectric
material is bonded to a metal support. The piezoelectric
ring and metal Support may be contracted by the application

' of a voltage 82. The control of the voltage 82 may be by a
- 8witch 84 which is schematically illustrated in FIG. 4. The
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:completion of the circuit is by a,conductor 86 leading to
E'gronnd 88. By closing switch 84, voltage 82 is applied to
fthe crash sto] rings 80 thus causxng them to contract. For
‘ a-better understandlng of the constructlon of a piezoelectric
80, reference is madeé to FIG. 5.

;crash stop r

'Ring 80 1is fagricated from a shallow metal disk formed into
- the ehapé'of”; cup 92. The cup 92 is composed of a planar
bottom wall 94 and a generally upstandlng cylindrical outer
‘wall 96. The cup 92 may further be provided with an inner
-cylindrlcal wall 98 to engage shaft" l2. Disposed within the
cavity 'of' tﬁé _crash stop ring ;80 is a ring 100 of
"'piezoelectric mater1a1 such as quartz or lead-zirconate-
titanate._' Piezoelectrlc ring 100 is bonded to the inner
surfaces of cup 832 so that any change in dimension of
-piezoelectrlc rlng 100 will also affect the dimensions of the
©-cup membér 92. With the selectlon of an appropriate
‘plezoelectric:- material for ring 100- .and the orientation of
that mater1a1 to respond in a directlon substantially
radially to plezoelectrlc ring 100, the plezoelectric ring
100 may be. contracted or shrunk by the application of voltage
82 upon closule of switch 84. Since’ piezoelectric ring 100
:1s bonded or attached to cup 92, the outsude diameter of
_upstandlng wall 96 will decrease slightly with -the
:application of voltage 82. Accordingly, the periphery of cup
92 may be pulled back or retracted from engagement with rotor
18, as illustrated in FIG. 4. With the voltage 82 applied to
;op ring 80, the gap
, 3 ,_stop ring 80 and the
rotor 18 w111 permlt the rotor 18 to’ rotate about its axis of
rotation w1thout interference from the crash stop ring 80.
The magnitude of the gap 63 formed by the contraction of

crash stop rlng 80 may be controlled by the magnitude of the
voltage 82. '

the piezoelectrlc composite crashf'

When the voltage 82 is interrupted by openlng switch 84, the
Piezoelectric rlng 100 will relax to 1ts inactivated state
and thereby exPand the metal cup 92 untll such time as the

o
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. periphery 0.:'_::' ‘the cup 92 engages the interior surface 64 of
“ rotor 18. With'the crash stop ring 80 engaged with rotor 18,
'_I-'.- rotor 18 i-_s"_.f m_ixio‘bilize_d and is prevented from any movement
" relative to shaft 12 within the structural capabilities of
the material ef'__crash stop ring 80, bearing assemblies 16,
17, rotor 18;:and shaft 12.

"'_e crash stop rings 80 share any shock loading
. which mig}ht':”b "imparted to either shaft 12 or rotor 18. By
"~ gharing the s gck. forces imparted to rotor 18 or shaft 12
with the beari g assemblies 16, 17, the crash stop rings 80
thus increaséﬁ"- __hje"- inaximﬁ_m shock load'which may be experienced
by the spingi__f e motor assembly 10 and at the same time
 effectively raise the allowable shock loading of the motor 10
above that which- may be sustained by the bearing assemblies
16, 17 alone’ w'_thout damage to the bearings 16, 17.

‘Another embodiment \i‘tilizing crash stop rings to immobilize
undesirable m_'c__:g‘ﬁ’e_i__nénti of rotor 18 is illustrated in FIG. 6.

Similar to th":""'-:'ther spindle motors illustrated in FIGS. 1
thru 4, rotor 18 supports magnetic disks 52 for rotation
~‘about shaft 12.:'__' Rotor 18 in FIG. 6 is provided with a flange
110 extending- radially from the one end of rotor 18. Flange
110 is bracketed by two piezoelectric rings 112 forming a
caliper 111 which is disposed ‘and arranged to engage the
planar surfac_' 0of flange 110 near the periphery 114 of
flange 110. iezoélectric rings ‘112 are fixed to and
Supported by ar clamp frame 116. ;:J.amp frame 116 is an
annular structure hav1ng a U—shaped cross-section. The
dimensions of #
rings 112 and-'.
piezoelectric

. e__ caliper 111 which comprises piezoelectric
.,'l:amp ring 116 are such that whenever the
: ""_ng_s 112 are in their relaxed state the
Piezoelectric. B ngs 112 will phy51cally contact and forcibly
engage the planar surfaces of flange: 110. Voltage 82 when
applied to the: piezoelectric rings 112 by closing switch 84
causes the piezoelectric rings 112 to contract and reduce
themselves in tlhi____c_:_}cnes,_s ina direction;substantially parallel
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“frptation of shaft 12. This reduction in
ezoelectric rings 112 effectively retracts
"hgagement with flange 110, releasing flange
about shaft 12. '

to the axis o
thickness of-
rings 112 fro
110 for rotat.

_ééch_time let? e 82 is disconnected from the piezoelectric

:ings f112;_ th: fpiezoelectric rings..112 return to their
¢ :sping and clamping flange 110, and movement
Yy a shock or impact fQ?ce being exerted onto
'10 is resisted by . the clamping of the
gé 112 onto flange 116; thereby reducing or
' &esirable movement dﬁ rotor 18 which would
.and potentially daméée bearing assemblies

relaxed state g
of the rotor 18b
the disk drive
é%ezbeléétriéf'
eiiminéting-fhé
~ordinarily deforr
16, 17. -

Piézoelédtric rﬁbgs 112 are fabricated from a suitable
p_‘ieff’z'oeléctric '.m;éfi:_ﬂfe:':ial such as quartz or lead-zirconate-
tiﬁanaté and.thgﬁﬁiezoelectric materiai is oriented such that
thé;retragtionﬁéjffhe Piezoelectric material in a direction
sﬁﬁ?tanﬁially pé#h@l to the plane of the Piezoelectric
maiériai engagiﬂé_flange 110 creates a clearance gap 113,
begween?:fiange H;id and piezoelectric rings 112. The
ofiéntaﬁiqn:of ﬁﬁé*two rings 112 is such that the retraction
vem f is in. opposite directions thereby leaving a -gap
be#ﬁeenéeach of"Ehé“piezoelectric ringé 112 and flange 110
updﬁ'théfapplicaﬁién of a sufficient #oltage 82. With the
reaﬁctioh_in thiéﬁﬁess of the rings 112, flange 110 is free
toffbtatg therebetween and thus rotor 18 is freed to operate
in:#ts nérmal_andi onventional fashion ﬁﬁ? data recording and
reﬁiievai. tt_éﬁduld be understood ?iat the significant
aségct of this iﬁ?éntion is to prevent ﬁ§vement of the rotor
18 ‘with respect to the shaft 12, around ‘or along either an X
or ¥ axis or a_cbﬁhination of the two axes, whenever the z
' ¢ .Jon of rotor 18 and

movement

axis. is coincident to the axis of rotat

shaft 12.

Théﬂhaliﬁer lll_may have the piezoelectric rings 112 formed

1n segments since the contraction/expansion direction is such
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: ng ‘is not necessary The caliper III also
may be fabricate _Lth only a limited number of segments or
pads engaging ortlon of flange 110 " The important factor
to consider whe;.determining the use ‘of segments or pads to
engage flange 110 is to provide suffxcxent grasping area in
the caliper 1ll“tq_1mmobilize rotor '18.

that a complete.

By restricting théhunqesired moments- and movements of rotor
18 with respect'téushaft 12, the forces exerted on the races
of the ball bearing assemblies 16, 17 of the spindle motor 10
are limited and:m intained at less than those forces which
will cause failﬁfe,hy indenting the race surface with the
balls 24, 30 ofsﬁhe-ball bearing assemblies 16,'17, to the
point of permanenﬁiaefernation.

Referring to Fig,f7,ga-disk drive 110 is illustrated which
may advantageousininbgrporate the crash stop rings of this
invention. The.d:ik'drlve 110 includes an actuator 124 and
magnetic disk 52. . Magnetlc disk 52 f's gupported by rotor 18
which is in turn rotationally supported surrounding shaft 12

It should be undeiétbgdithat the placement of the crash stop
rings 60, 62 may be made at any number of varying locations
along shaft 12. Th essential aspect of the crash stop ring
is to provide a verf small.. -gap 68 or 70 between the crash
stop ring 60, 62 and either the shaft 12 or the rotor 18 of
the spindle motor 10 such that upon movement of the rotor 18,
) “;“reduced to the po;nt where the crash
Tengage with a solld surface of shaft

the gap 68 or 70 wil

stop ring 60, 62 1L
12 or rotor 18 and prevent further undesxred movement of
rotor 18 relative tF shaft 12. Once the crash stop ring 60,
62 is moved into engagement with either the shaft 12 or rotor
18, the crash stop rlng 60 62 can then absorb and share some
of the forces andji adlng between shaft 12 and rotor 18 such
that the ball bearirnqg. assemblies 16, 17 w111 not be stressed
to the point of faliure.

It should be fqgtﬁe;_ understood that other minor
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may be made to the several embodiments
) without departing from the Scope of claims

_a:tfﬁached_' hé’r_ﬁé

uy

.:ﬁ H}
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CLAIMS

' A disk drive for storing data comprising:

 an electrical motor including a shaft and a rotor,

supporting at least one magnetiéﬁdiék;

surrounding said shaft, a pair of ball bearing
. assemblies, -

said rotor rotationally supportéd;?elative to said shaft
by said ball bearing assemblies,

said rotor comprising an interior cylindrical surface

co-axial with said shaft; and

at least one ring rigidly attached to one of said shaft
and said rotor and having a cylindrical surface in
confronting relation té the other one of said shaft and
said rotor and spaced from said other one of said shaft

-and said rotor by a distance less than the distance said

rotor must move relatively toward'said shaft to cause
permanent deformation of surfaces within said ball
bearings, ' -

whereby said rotor is prevented. from being displaced
sufficiently to permanently deform any portion of any of
said ball bearings. '

'.The disk drive of claim 1 whe:éﬁh said ball bearing

assemblies are disposed spaced iéért and said ring is
disposed on said shaft and intéiﬁediate said bearing
assemblies.

The disk drive of claim 1 wherein said ball bearing
assemblies are disposed adjacent to each other and said
ring is disposed axially displacéq_from said bearing and

disposed outside said bearings.
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The'disk*drive of any one of claims 1 to 3 wherein said
'ring is ;disposed on  said shaft, intermediate said
g assemblies, and said ring further comprises a
piezoelf tric material which . contracts when an
electr1cal_potentia1 is applied to said ring, thereby
creatinp_a gap of said distance.

21

The diSEidrive of any one of claims 1 to 4 wherein said
at'ieast one ring comprises a pair of rings, one of said
rings di posed adjacent each of said bearing assemblies,
said rlngs ‘having a metal portion and a piezoelectric
portion.ibonded together, said piezoelectric portion
cOntractﬁng under an electrical potential, whereby said
ring'reléﬁses said rotor from engagement when energized
and engiges said rotor when de-energized to prevent
movemehtfpi said rotor relative to said shaft.

" a sﬁock fdamage prevention apparatus for preventing

permanentfdeformation in components of ball bearings of
a device ﬁéving a shaft and a rotor, said shaft and said
rotor supported relative to each other by ball bearing
assembl:.es, said damage prevention apparatus comprising:

a shock-eﬁsorbing annular ring disposed surrounding said
shaft anéehaving an outer surface complementary to an
interiorpsurface of said rotor, said ring having a
radiel'width to form a gap between said ring and one of
said interior surface and said shaft of a radial
distance’ ’ieés than a distance said rotor must be
dlsplaced 1n said radial dlrectxon to effect permanent
deformation of any portion of said ball bearings.

The apparatus of claim 6 wherein said motor includes at
least a palr of ball bearings and said ring is disposed
dlSplaced along said shaft and dlsplaced from said pair
of ball bearlngs whereby radial displacement of said
rotor is restricted to an amount insufficient to cause
permanent:oeformatlon of elements of said bearings.
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The apparatus of claim 6 ©fR 7 wherein said ring is
disposed on said shaft and intermediate said bearings
and said ring ‘comprises a piezoelectric portion
responsive to an electrical potential to contract,
whereby said outer surface of said ring and said inner
surface of said rotor are each disengaged from the other
when said ring is contracted and engaged with the other

22

when said ring is not contracted.
A magnetic disk drive for storing data comprising:

a drive motor including a shaft and a rotor rotationally
mounted for movement relative to said shaft; at least a
pair of ball bearings disposed intermediate said rotor
and said shaft; '

at least one magnetic disk disposed on said rotor for
rotation with said rotor and relative to said shaft;

a flange disposed on said rotdr.extending radially from
said rotor and having a pair of planar faces;

a first ring spatially fixed with respect to said shaft
and disposed juxtaposed with one face of said flange;

a second ring spatially fixed with respect to said shaft
and disposed juxtaposed with one face of said flange;

said rings having a state of contraction in a direction
perpendicular to said faces when influenced by an
electrical potential and a de-energized state when not
influenced by an electrical potential;

a source of electrical potential connected to said

rings;

a switch intermediate said source and said rings to
connect and disconnect said source and said rings;

e
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- whereby said flange is disengaged by said rings when an

:i eiéctrical potential is applied to said rings and said
:flange is engaged by said rings‘when sald source is
disconnected.

The magnetic disk drive of claim 9 wherein said
direction of contraction of said first ring and.said
direction of contraction of said second ring are

~ opposing and directed away from said flange and wherein

said first and second rings are disposed, in their

.contracted state, with at least one surface of said
- first ring and one surface of said second ring spaced

from said flange by a distance permitting free rotation
of said rotor with said rings in said contracted state

- and engagement of said flange by said first and second

rings with said rings in a de-energized state.



24

S CRASH STOP SHOCK RING
-~ . FOR.THE PROTECTION OF DISK DRIVE MOTOR BEARINGS

Abstract

Qr preventing damage to ball bearings in small
é#ice is disclosed where the device has at least
P ring disposed about the shaft and inside the
rotoi of a’ ice. The ring is dimensioned to permit only a
smali amodﬁg..f movement of the rotor relative to the shaft.
The @ermiﬁteg;movement is less than the minimum movement
whicﬁ would:ééuse damage to the elements of the ball bearing.

A technique'
form: factor d
- one éraSHAQt"

(Fig. 7)
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SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages

of the prior art.
| According to one aspect-of the present invention there is provided a magnetic
disk drive for storing data comprising:

a drive motor including a shafl and a rotor rotationally mounted for movement
relative to said shaft; a pair of ball bearing assemblies disposed imermediate said rotor
and said shaft: A.

a magnetic disk disposed on said rotor for rotation with said rotor relative o said
shaft:

a flange disposed on said rotor extending radially from said rotor and having a
pair of planar faces;

a first ring spatially fixed with respect t0 said shaft and disposed juxtaposed with
orie of said pair of planar faces of said flange;

a second ring spatially fixed with respect to said shaft and disposed juxtaposed

with the other of said pair of planar faces of said flange;

h -Sheet: Has Been Re laced-
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bearings, shaft and the hub of the disk drive are
manufactured, some very limited movement of the rotor may
cccur about and/ox along an X or Y axis and along the Z axis,
where the axis of rotation and the 2 axis are coincideat and
the X and Y axis are radial to the shaft. pepending upon the
point of impact or shock, the most likely motion will be a
rotation of the rotor may occur about either or both of the
X and Y axes. This rotation of the hub and consequently the
inner and outer races will compress at least one ball in each
of the ball bearing assemblies. Depending on the amount of
the rotational movement and the spacing of the bearings, the
compression may exceed the elastic deformation limit of the
material of the races.

where the bearing'assemblies are both placed at positions

near one end of the rotor and consequently one end of the

shaft, the potential for bearing damage is increased. This

_ increased potential for damage is due to the lever arm

through which the impact force may act, thereby increasing
the force on the balls and races. The only viable approach
to preventing any damage caused Dy shock or impact forces is
to cushion the device to absorb some or all of the forces or
to block transmission of the forces to the bearing
assemblies. .7

This is the replacement sheet
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said rings having a state of contraction in a direction perpendicular to said faces
when influenced by an electrical potential and a de-én'ergizcd state when not influenced
by said electrical potential;

a source of said electrical potential connected 10 said rings;

an clectrical switch intermediate said source and said rings to conpect and
disconnect said source and said rings:

whereby said flange is disengaged by §md rings whep said electrical potenptial is
applied to said rings; and said flange is cngaged by said rings when said source is
disconnected.

According to another aspect of the present invention there is provided a disk
drive for storing data comprising: |

an electrical motor including a shaft and a rotor supporting at least one magnetic

disk;

surrounding said shaft. a pair of ball bearing assemblics:

said rotor rotationally supported relative to said shaft by said pair of ball bearing
assemblies;

heat
This is the roplacement sNed
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said rotor comprising an mterior cylindnical surface coaxial with said shaft; and

at least one ring for preventing damage to said pair of ball bearing assemblics by
blocking movement, of said rotor relative (o said shaft in a radial direction, of sufficient
magnitude to forcc components of said pair of ball bearing assemblies into cngagement
sufficiently to cause permanent deformation and damage to said components, said at least
onc ring for preventing damage attached to ope of said shaft and said rotor and having a
cylindrical surface in confronting relation to the other one of said shafl and said rotor and
spaced from said other one of said shaft and said rotor by a first distance less than the
distance said rotor must move relatively toward said shaft to cause permanent
deformation of said components within said pair of ball bearing assemblies;

whereby said rotor is prcvémed from being displaced rclative to said shaft
sufficiently to permanently deform any of said componepts of any of said pair of ball

bearing assemblies:

This is the replacement sheat.

Date: §ﬁ Ju e
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wherein said at Jeast one ring is disposed on said shaft, inicrmediate said pair of
ball bearing assemblics, and said at least onc ring further comprises a piczoelectric
material which contracts when an clectrical potential is applied to said at least one ring.
thereby creating a gap of said first distance.
According to still another aspect of the preseat invention there is provided a disk
drive for storing data comprising:

an clectrical motor including a shaft and a rotor supporting at least onc magnetic

disk;

surrounding said shafl, a pair of ball bearing assemblics:

said rotor rotationally supported rclative to said shaft by said pair ot ball bearing
assemblies;

said rotor comprising an interior cylindrical surface coaxial with said shatt: and
at least one ring for preventing damage to said pair of ball bearing assemblies by

blocking movement, of said rotor relative to said shaft in a radial direction. of sufficient
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magnitude to force components of said pair of ball bearing assemblies into engagement
sufficiently to cause permanent deformation and damage to said components, said at least
one ring for preventing damage attached to one of said shafi and said rotor and having a
cylindrical surface in confronting refation to the other one of said shaft and said rotor and
spaced from said other one of said shaft and said rotor by a distance less than the dislance‘
said rotor must move relatively toward said shaft to cause permanent deformation of said
components within said pair of ball bearing assemblies;

whereby said rotor is prevented from being displaced relative to said shaft
sufficiently td permanently dcform any of said components of any of sai;i pair of ball
bearing assemblies;

wherein said at least one ring comprises a.pair of rings, each of said rings
respectively disposed adjaccnt one of said pair of ball bearing assemblies, said rings
having a metal portion and a piezoelectric portion bondcd together, said piezoelectric

portion contracting under an electrical potential, whereby said rings releasc engagement

“This is the replacement sheet
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with said rotor when energized and engage said rotor when de-energized to prevent
movement of said rotor relative to said shaft.

According to still another aspect of the present invention there is provided a
shock damage prevention apparatus for preventing permanent deformation in components
of ball bearing assemblics of a disk drive having a shaft dnd a rotar, said shafl and said
rotor supported relative to each other by said ball bearing assemblies, said damage
prevention apparatus comprising:

a ring for protecting said ball bearing assemblies from shock impacts, said ring
disposed surrounding said shaft and having an outer surface complgmentary to an interior
surface of said rotor, said ring having a radial width to form 4 gap between said ring and
said interior surface of said rotor of a radial distance less than a distance said rotor must
be displaced in the radial direction to effect permanent deformation of any portion of said
ball bearing assemblies of said disk drive,

wherein said ring is disposcd on said shaft and intermcdiaté said ball bearing
assemblies and said ring comprises a piczoelectric portion which contracts in response to
an éltctncal potential, whereby said outer surface of said ring and said interior surface of
said rotor are each discngaged from the other wheti said ring is contracted and engaged

with the other when said ring is not contracted. 771;‘3 is ?b
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A more complete and detailed understanding of the invention
may be had by reference to the drawings and the detailed
description of the invention to follow.

Brief descripﬁon of the Drawings

FIG. 1 {fllustrates a conventional spindle motor such as may
be used in a disk drive.

~FIG. 2 is an fllustration of the spindle motor of FIG. 1
wherein crash stop rings have been provided to reduce shock
damage.

PIG. 3 illustrates arniother arrangément of. the crash stop
rings within the spindle motor illustrated in FIG. 1. -

FIG. 4 illustrates an embodiment having crash stop rings
disposed adjacent to the ball bearing assemblies of a spindle
motor wherein the crash stop rings may be é’lectrically

controlled to engage and to disengage the spindle motor
rotor.

FIG. 5 f{llustrates a crash stop ring of the type found in the
motor illustrated in FIG. 4.

FIG. 6 illustrates a piezoelectric crash stop ring utilized
to clamp a flange on the spindle motor rotor.

Fig. 7 illustrates a disk drive which may utilize the crash.

This is the replacement sheet
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CLAIMS
1. A magnctic disk drive for storing data comprising:
a drive motor including a shaft and a rotor rotationally mounted for movement
relative to said shaft; a pair of ball bearing assemblies disposed intermediate said rotor
and said shaft:

a magnetic disk disposed on said rotor for rotation with said rotor relative to said

~ shaft;

a flange disposed on said rotor cxtending radially from said rotor and having a
pair of planar faces;

a first ring spatially fixed with respect to said shaft and disposed juxtaposed with
one of said pair of planar faces of said flange:

a second ring spatially fixed with respect to said shaft and.d_iSposed juxtaposed
with the other of said péir of planar faces of said flange; |

said rings having a state of contraction in a direction pcrpeudiéular to said faces
when influenced by an electrical potential and a de-energized state when not influenced
by said electrical potential;

a source of said electrical potential connéct_;d to said rings:

an electrical switch intermediate said source and said rings to connect and
disconncct. said source and said rings; |

whereby said flange is disengaged by saxdnngs when said electrical potential is
applied to said rings; and said flange is engaged by said rings when said source is

disconnected.

This is the reblacement sheet
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2. - The magnetic disk drive of claim | wherein said direction of contraction
of said first ring and said direction of contraction of said second ring are opposing and
directed away from said flange and wherein said first and second rings are disposed in
their contracted state.
3. A disk drive for storing data comprising:

an electrical motor including a shaft and a rotor supporting at least onc magnetic

disk;

surrounding said shaft, a pair of ball bearing assemblies:

said rotor rotationally supported relative to said shaft by said pair of ball bearing
assemblies;

said rotor comprising an interior cylindrical surface coaxial with said shaft: and

at least one ring for preventing damage to said pair of ball bearing assemblies by
blocking movement, of said rotor relative (o said shaft in a radial direction, of sufficient
magnitude to force components of said pair of ball bearing assemblies into engagement
sufficiently to cause permanent deformation and damage to said components, said at least
oue ring for preventing damage attached to one of said shaft and said rotor and having a
cylindrical surface in confrénu'ng relation to the other one of said shaft and said rotor and
spaced from said other one of said shaft and said rotor by a first distance less than the -
distance said rotor must move miatively toward said shaft to cause permancnt
deformation of said componcnts within said pair of ball bearing assemblies:

whereby said rotor is prevented from being displaced relative to said shaft
sufficiently to permanently deform any of said components of any of said pair of ball |
bearing assemblies:

This is the replacement sheét-
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wherein said at least one ring is disposed on said shaft, intermediate said pair of
ball bearing assembtlics, and said at least one ring further comprises a piexcelectric
material which contracts when an electrical potential is applied to said at least one ring.
thereby creating a gap of said first distance.
4, A disk drive for storing data comprising:

an electrical motor including a shaft and a rotor supporting at least one magnetic

disk;

s;zrrounding said shalft, a pair of ball bearing assemblies;

said rotor rotationally supported relative to said shaft by said pair of ball beariny
assemblies;

said rotor compri.sing an interior cylindrical surface coaxial with said shaft: and

at:lcast onc ring for preventing damage to said pair of ball bearing lassemblics by
blocking movement, of said rotor relative 1o said shaft in a radial direction, of sufficient
magnitude ..to force components of said pair of ball bearing assemblies into engagement
sufficiently to cause permanent dcformation and damage to said components, said at least
onc ring for preventing damage attached to one of said shatt and said rotor and having a
cylindrical surface in confronting relation to the other one of said shaft and said rotor and
spaced t'roﬁt said other one of said shaft and said rotor by a distance less than the distance
said rotor tﬁust move relatively toward said shaﬁl to cause permanent deformation of said
components within said pair of ball bearing assemblies:

whereby said rotor is prévcnt;d from being displaced relative to said shaft
sufficiently to permanently deform any of said components ot; any of said pair of ball

bearing asscmblies;, |
This is the replacement sh_eet~
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wherein said at least one ring comprises z pair of rings, cach of said rings
respectively disposed adjacent onc of sai& pair of ball bearing assemblies, said rings
hairing a metal portion and a piezoelectric portion bonded together, said piezoelectric
portion contracting under an electrical potential, whercby said rings release engagement
with said rotor when energized and engage said rotor when de-energized to prevent
movement of said rotor relative to said shaft.

5. A shock damage prevention apparatus for preventing permancnt
deformation in components of ball bearing assemblies of a disk drive having a shafl and a

| rotor, said shaft and said rotor supported relative to each other by said ball bearing
assemblies, said damage prevention apparatus comprising:

a ring for protecting said ball bearing assemblies from shock impacts, said ring
disposed surrounding said shaft and having an outer surface complementary to an interior
surface of said rotor, said ring having a radial width to form a gap between said ring and
said interior surface of said rotor of a radial distance less than a distance said rotor must
be displaced in the radial direction to effect permanent deformation of any portion of said -
ball bearing assemblies of said disk drive,

wherein said ring is disposed on said shaft and intermediate said ball bearing
assemblies and said ring comprises a piczoclectric portion éwhich coutracts in response 10
an electrical potential, whereby said outer surface of said nng and said interior surface of
said rotor are each disengaged from the other when said ring is contracted and engaged

with the othcr when said ring is not contracted.
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SUMMARY OF THE INVENTION )
It is an object of the present invention to am_eliorate one or more disadvaniages

of the prior art.

According to one aspect of the present invention there is provided a magnetic

disk drive for storing data comprising:

a drive motor including a shaft and a ro : '; tionally mounted for movement

relative tosald shaft; a pair of ball bearing asse disposed intermediate said rotor
and saldShaft . | : |

amagnetlc disk disl.oosed on said rotor fo on w1th said rotor relative to said
shaft; : | - | |

i

a flange disposed bn sa1d rc;tor extending.et_géii_ally from said rdtor and having a
pair of plénar faces; i | |

a_"-ﬁﬂrst ring spatially fixed with respect to sa1d shaft and disposed juxtaposed with
one of said pair of planar faces of said flange; | .

a second ring spatially fixed with respect to said shaft and disposed juxtaposed

with the other of said pair of planar faces of said ﬂar;é_q; _




