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

Field of the Invention 

This invention relates 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 impact~. 

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 ~ize.. tihenever the ball bearings of the disk 
drive motor are made smaller to fit into the small form 
factor dis~ drives, the

1 
abllity of the .ball bearing 

assemblies to withstand impact and shock forces is 
significantly reduced. Although the design of the component, 
specifically the ball bearing, may be substantially the same 
as the des~gn for its largei predecessor counterpart, the 
reduced load rating of the individual components of the l:>all 
be~ring assembly cannot accommodate the same level of forces 
without experiencing failure as may be exerted onto the 
larger ball bearing assemblies. Because th~i precision 
manufacture of small £orm factor disk drives requires 
extremely fine tolerances and provides little allowance for 
deviations in performance, augmentation of the shock 
tolerance of the reduced size components is required in order 
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 oi 
the shaft; or a combination of radial and axial should the 
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imJ?cict force be exerted at a distance displaced from the 

: , plane of the ball bearing. In addition to the force factors 

': Qf ·axial and radiar f Orce VeCtOrS I a moment Or torquing abOUt 

the'-,ball beaz:ing assembly.can occur due to an off-line force 

coU.~led with one of the ball bearing asseritblies acting as a 

. , pivot and the other ball bearing assembly being the source of 

. : the resistance to the moment. For ball bearings which absorb 

·. a substantially ·axial impact, the load of the impact is 

:. shared by all of the· balls in the ball bearing assembly. 

·How~ver, if a ball bearing assembly is impacted in a radial 

.· ~i.rection, quite possibly only one of the balls of the ball 

bearing assembly may carry the entire load of the impact. 

As the impact occurs in the radial direction, the· force 

exerted on the outer race will impart a force to one or more 

.of the balls placed between the outer race and the inner 

··race, and then only on those balls which are resident in the 

semi~~ircular annular region between the outer and inner 

'·races 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 f o-rce 

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 

transrni tted against the inner race by the ball or balls 

positioned to carry the impact for<;:e, the shaft of the 

device, such as a di'sk drive for exa~i:>le, will resist any 

movement of the inner race. Depending on the magnitude of 

the shock or impact force, the material in the inner and 

outer races or the balls will begin to deform to a varying 

extent. Responding to a small force, the ball will tend to 

penetrate the respective race surfaces by a corresponding 

small amount. No damage will occur so long as the 

penetration of the ball into the rac~ of the ball bearing 

assembly or the ball deformation is totally within the 
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elastic limits of the material from wh;i.ch the inner and outer 

races are fabricated. Once the impact force ha_s been 

dissipated and . the ball bearing a~,,sembly returns to its 

unaffected state, the el.astic natur~.of 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 shock or impact force be 

sufficient to deform the inner and·. outer ra:ces or balls 

beyond their elastic limit and into 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 irregularity 

·as the ball's rolls past the point of penetration -causing 

vibration and runout of the bearing. Due to bearing 

vibration and runout, there is a resulting runout of the 
. . 

rotor: of the disk: drive motor. Since: the rotor is attached 

to or is part of the hub which in turn suppo~ts the magnetic 
; .. · ! 

disks1, there will be a correspondent runout of ~he 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 magnetic disk surf ace 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 surf a~~ -of the d-lsk may not 
. ;· .'. 

correspond to the position of the tra~k at a future time as 

an attempt is made to read the data ~t9m the magnetic disk. 

While the deformation in the inner a:n~d outer race surf aces 

may be only measurable in micro iriche.s in a very small 

precision ball bearing, these small ~~rt.ace disruptions are 

sufficient to severely degrade the pe~·~br~ance of the bearing 

and the device incorporating the bearing .• 

Due to manufacturing tolerances, des.i;,gn constraints as well 

as the inherent elasticity of the materials from which the 
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bearings, shaft and tbe :hub of the disk drive are 
manu~actured, some very limited movement of t_he rotor may 
occur about and/or alon-g 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 l~kely 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 ass~mblies 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 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 l~mit the damage to ball 
bearing assemblies which may result from impact or shock 
forces. 

It is another object of the invention to limit the 
undesirable movement of the rotor of a motor having precisi~n 
ball bearings therein along or about ~he 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 is 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 of the 
rotor. The exterior surface of such a crash stop ring 
confronts t:he interior surface of the rotor. If the rotor 
attempts to rotate about an X or Y axis or move along the X 
and/or Y aiis or a combination thereof, the crash stop ring 
will move, relatively, into confrontational engagement with 
the interior surface of the rotor thus preventing the rotor 
from any further unwanted and detrimental rotatio~al or 
translational movement. The crash stop r.ing and bearing 
assemblies will share the impact or shock forces thus reGuce 
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 out-~r race must 
be moved by an amount that will tra!lslate into damaging 
penetration of the ball into the race surf ace, leaving 
surface irregular! ties on the races. The spacing between the 
exterior surface of the crash stop rfng and the interior 
surface of the rotor is designed to be J,.e~s than the distance 
that the rotor must· be displaced tq '.:exceed the elastic 
deformation limits of the bearing race~·. By permitting the 
rotor to move a small amount and still remain within the 
elastic deformation limits of the inner and outer race 
materials, the rotor may be moved into engagement or contact 

--~---,-----·-
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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 
res£st any additional movement of the rotor. Since the crash 
stop ring is solid, its comp_ressionability will be 
significantly less than the comp~essionability 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 deformation in t~e inner and 
outer races not to exceed the elastic deformation limits of 
the material. 

Once the crash stop ring and the r~tor 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 botti 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 further 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 either a passive or an active 
:-- . ...... ... 

device. In the case of a passive crash stop. ring, the 
clearance between.the external sur:tiace of the ring and the 
internal surface of the rotor is determined and fixed at the 
time of manufacture. The gap between the two surfaces is 
designed and constructed to be le~s than the distance that ·.' . 

·that portion of the rotor must mov~ in order to cause damage 
to the bearings. 

In the case of an active crash stop: ring, 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 
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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. Ttie wall, as well as the radial flange 

portion of t}le _J;ing, must be relatively thin in order to be 

deformed by an annular ring of piezoelectric material and 

then bonded int() the interior of the shallow cup-shaped metal 

ring. The resul·tant 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 dimensions such that the outside diameter 
. . 

dimension of the composite 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. 

Fur~her, the characteristics of the piezoelectric material 

are selected and the dimensions of the piezoelectric material 

are1 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 electric;:al potential is removed from the composite 

crash stop ring,· t.he 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 t_otor around or along: either the X or Y axis 

may occur. It is recognized that piezoelectric materials, 

al though 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 

IJ'l 
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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 

suff~ciently 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 piez:oelectric ring 

is in the relaxed state. With two such crash stop rings 
! 

disposed so that the rings can engage both planar surf aces of 

the flange, ·the rotor is effectively clamped between the two 

piezoelectric 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 stO.p ring as~emblies, to 

contract in a direction opposite that of the other crash stop 

ring so that the engaging surface of each 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 

n 
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between the crash stop ring and the engaging surface of the 
rotor may be controlled during operation to present the 
s~allJ!St possible operating gap; if it is desired, to 
precisely control the gap between the crash stop ~ing 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 ring~ 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 ri~gs may be e"lectrically 
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 mo',tor rotor. 

Fig. 7 illustrates a disk drive which may utilize the .crash 
':'. .. 
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-~top rings of:.;this invention. 
-~ .'. . 

Detai'led Description of the Best Mode ··,.'.· 

of the)referred Embodiments of the Invention 

Referring noW-· tt) the spindle motor of_ FIG. 1, the spindle 
motor 10 is corttprised of a shaft 12 carrying thereon a coil 
or coils 14 tc{'''?reate the magnetic field necessary to make 
the motor 10· operate. Surrounding shaft 12 are ball bearing 

· assemblie.s 16,- 17 which in turn support rotor 18. ·Rotor 18 
carries on ati . interior surface 64 field magnets 21 to 
interact with tij~ magnetic field generated by co.il 14. Ball 
bearing asseJribl~es 16, 17 surround shaft 12 and support rotor . ·. ~. . 

18. Ball bearJ;ri.g ass.emblies 16, 17 are formed convent~ona~ly 
of inner races' .20;, 26, outer races 22, 28 and balls 24, 30, 
respectively. 0a~_lls 24, 30 engage the surfaces of races 20, 
26 and 22, 28 ~J"l .. the form, of a point contact. As a force is : 
exerted onto the palls 24, 30 either by gravity acting upon 
the rotor 18 o:f .~ue to the impacting of a shock force onto 
rotor 18 or throbgh shaft 12, the engagement of the balls 24, 
JQ Wf th the ra.(::,~S 20 t 261 22 I 28 Changes from a point 
engagement to 'a.11 elliptical shaped engagement due to the 
curvature of the races 20, 22, 26, 28 that encircle shaft 12. 

By way of an exa,mple, an impact force is illustrated in its 
component parts··.·. by arrows Fx and Fz. Fz exerts a force 
substantially paJ:'allel to the axis of shaft 12. The ::t;orce Fx . -~·· ·. ·. : 

..... ~ is substantia.lly: perpendicular to th~ axis of shaft 12. If 
point P2 is taken;. as the pivot point for the purposes of 
analyzing the effect of force Fx, the force will be 
transmitted abo~t: point P2 and will res.ult in the compression 
of race surface 22 onto ball 24 at the point indicated by the 
arrow 40 and th~ corresponding force will be transmitted from 
ball 24 at arro~- '.42 ·onto inner race 20·~ The tendency will be 
to spread the r·aC:es 20 and 22 away from the remaining balls 
of the ball bea;i:-1n9 assembly 16. Thus the major portion, if 
not the entire ·· fo:z;:-ce on the races 20 and 22, will be concentrated at ball 24. As rotor 18 attempts to make a 
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clocJcW'.is~· riJ..P·~~111ent as indicated generally by arrow 32, about 
po_:tnt P2:,_ b~·t}-'.s 30 ·will be compressed by the races 26, 28 in 
ball bearfng)fisse,nibly 17 and will exert forces at points and 

·.·~~·.·· - . 

in :the gene#'c1,i· direction of arrows 44 and 46 onto ·the inner 
rade 26. and:·~Y. o~ter race 28 onto the ball 30 as indicated by 
arr·ows · 48 · B;li.4 ·so. It: sufficient movement of rotor 18 is 

pe~itted a#(>'.~t: point P2 in the direction of arrow 32 the 
forces exert~~=, by balls 24 and 30 onto the respective races 
20 and 26 wii1F e'xceed the e1ast1c limit of the mater1a1s from 
which the ·rciq_~s. 20_, 26 are fabricated. A similar analysis 
may be made·~~1;:,}:l: respect to other pivot points such as Pl. 

similarly;. r~~~-~ 22 and 28 will exert forces created by the 
movement of :r'btfor 18 in direction 32, and thus will cause 
balis 24 and· . .36· to penetrate the surfaces of races 2; and 28 
to an exterit<'..tllat the penetration will cause deformation 
exceeding th.~} ~las'ticity of the race material and will 
accordingly ~:~ss irit:o the plastic region thus permanently 

-·~· .. . 

deforming the'<race surface. 
)·:" . 

A small defc>:l:mation which is permanent then will cause 
vibration and}~unout during the disk drive operation. Runout 
in the bearing:··a,ssemblies 16, 17 will cause. a corresponding 
runout of rotb~ °18 and of disks 52 which are supported by-and 
rotate with· <rotor 18. When runout occurs, track 
misregistrati~~--occurs between the tracks of data (not shown) 
written onto t::~e(magnetic disks 52 and a read/write head (not 
shown) which .f·~ pos_itioned in extremely close p~oximity to 
and at precis~'_tc:tdiai distances from the axis of shaft 12. . .: __ .,, ., . 

When track ird,.:~,;:e_gistration occurs, data that has already been 
stored on the:;:;ci'isk 52 cannot reliably be retrieved and any 
data being ::''o/J;itten to the disk 52 during track 
misregistrati_tj~ t.hen will be spatially misplaced and in all 
probability w~ii not be retrievable at -a later time if the 
runout prove~r'/'.to . be non-repeatable or is manifested as 
vibration. Ty~'.i,9al runout for small form factor disk drives 
11 is in the :.f'~nge of two to three micro inches while an 
acceptable a~_~'.~nt of runout is typically less than five to 

. m" 
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six micro inches. When runout exceeds the five to six micro 

inch limit, 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 im~acting onto rotor 18, it 

should be understood that if the disk drive 11 or the 

computer into which it is incorpo~.;i;ted i_s dropped or shocked 

at an ~ppropriate angle, shaft 12'wlll be the source of the 

shock with the inertia of the rotol:'. 18 and disks 52 tending 

to create a force transmitted throu9h 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 from the fore~;o~=ng, it can be readily 

understood that forces exerted on~o the rotor 18 or onto the 

shaft 12 as a result of the inertia of rotor 18 may be 

transmitted through the races 20, 2~, 26, 28 to the b~lls 24, 

JO in the bearing assemblies 16, 17 and may potentially 

damage the surfaces of the races 2=0, 22, 26, 28 or balls 24, 

30. Where the damage will occur· first depends on the 

relative hardness of the balls 24, JO and races 20, 22, 26, 

28. 

From FIG. 1, it is readily apparent that a significant amount 

of the shock or impact force F~-: may be dissipated and 

absorbed by some method where the In~Vement of rot~r 18 in the 

direction indicate-d by arrow 32 is_ $lgnif icantly restricted. 

Since the penetration of the bal1s>2:~-~ 30 into the respect! ve 

races 20, 22, 26, 28 is primarily ~>'-'function of the movement 

of rotor 18, and the relative har~J't~ss ~f the balls 24, 30 

and races 20, 22, 26, 28, for exa~p:~_e in direction of arrow 

32, t.he blocking of such movement- "f'.11 direction of arrow 32 

will limit the compression of ti{~ elements of the ball 

bearing assemblies 16, 17 to the pd:ff:itc where the balls 24, 30 

Will not excessively penetrate the~s~rfaces of the races 20, 
_: ·J . 
··,:-:c 
,.;·: 
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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. 
l. is illustrated with crash stop rings 60 and 62. Crash stop 

ring 60 is i·nserted into engagement with and supported by the 

interior surface 64 of rotor 18. Crash stop ring 60 is 

fabrica~ed to· a dime~sion which will leave a small gap or 
clearance 66 between the inner diameter 68 of crash stop ring 
60 and shaft 12. S"imilarly, crash stop ring 62 is inserted 

into and .sup~orted by the inner cylindrical surf ace 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 rotatio"n 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 · 6 6 and 7 0 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 ~IG. 

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. Crash stop ring 62 is engaged: with and supported by 
a shaft 12. Crash stop ring 62 and rotor 18 define the 
narrow gap 71 and the crash stop ring is disposed adjacent to 

bearing assembly 16. Similarly, crash 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. J. Similar to gap 71, gap 67 is located between 

crash stop-ring 60 and rotor 18. Crash st~p 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 Z 

axis is coincident with the axis of shaft 12, and the·axis of 

rotation of rotor 18. 

An alternative embodiment of a crash stop ring in~tallation 

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 
· . . i I 

motor is conventional and according'ly will not be further 

described in detail. 

Positioning the crash stop rings 80 betw~en 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. J. This positioning applies to 

either solid or piezoelectric crash stop rings. 

Crash stop rings BO are disposed intermediate and 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 o~ 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 

switch 84 which is schematically illustrated in FIG. 4. The 
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' collip'letion; o~::. the circuit is by a.. .conductor 86 leading to 

· ground 88. :~y :closing switch 84, voltage 82 is applied to 

. the crash' sto~_ J:'ings 80 _thus causin_g them to coll tract. For 

, a· better .und~J::'~tanding of the constr1;1Ction of a piezoelectric 

' crash stop .rJ;ri.ci 80 I reference is mad(:! to FIG. 5 • 
.... ~.:·= .. 

Ring 80 i·s f~brlcated from a shallot4 metal disk formed into 

: the shape: of.-_~: cup 92. The cup 92 is composed of a planar 

bottom wall 91' .·and a generally upstanding cylindrical outer 

wall 96 •. Th~:¢up 92 may further b7 provided with an inner 

cylindric~l wa:.~l: 98 to engage _shaft· 12. Disposed within the 

cavity of;· t~~ crash stop ring · 80 is a ring 100 of 

piezoelectric_.• Il\aterial such as qua·rtz or lead-zirconate­

ti tanate. . Pif!zoelectric ring 100 is. bonded to the inner 

surfaces of cup 92 so that any ·.change in dimension of 

piezoelectric _ring 100 will also affect the dimensions of the 

-cup member 92. With the selection ·of an approi;>riate 

·piezoelectric ;fyaterial for ring 10(>· and the orientation of 

that material to respond in a direction substantially 

radially to piezoelectric ring 100, the piezoelectric ring 

100 may be cont.I:acted or shrunk by the application of voltage 
~ . 

82: upon clo~ur~ of switch 84. Since piezoelectric ring 100 

.is: bonded; or ;a:ttached to cup 92, the outsJ.de diameter of 

upstanding 'wall 96 will decrease sl,ightly with -the 

application o-f· voltage 82. Accordingly, the periphery of cup 

92 may be pulleq back or retracted f~om engagement with rotor 

18,. as illµstra~ed in FIG. 4. With t.he voltage 82 applied to 

the piezoelec~~ic composite crash . ~t'6p ring 8"(), the gap 

created betwe~h th.e periphery of cr~s~;: stop ring 80 and the 

rotor 18 will i?,ermit the rotor 18 to -·~dtate about !ts axis of 
. .. . .. 

rotation without interference from · t.he, crash stop ring 80. 

The magnitude _of the gap 63 formed py the contraction of 

crash stop ring 80 may be controlled·b~ the magnitude of the 
v·ol tage 82. 

When the volta.ge 82 is interrupted by qpening switch 84, the 

piezoelectric ~ing 100 will relax tti its inactivated state 

and thereby expand the metal cup 92. U:ntil such time as the 
; 

n 
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, ·. periphery ot·:t;ihe cup 92 engages the interior surface 64 of 

rotor 18. with the· crash stop ring,. 80 engaged with rotor 18, 

rotor 18 is·:.iil'lntobilized and is PJ:'.~vented from any movement 

relative t~ )~~aft. 12 within the s"tructural capabilities of 

the material:S ):>f crash stop ring EfO, bearing assemblies 16, 

17, rotor 18·:~· .:a~d shaft 12. 

Effectively .r}i;.'iie crash stop rings 80 share any shock loading 

which might ~e'>imparteg to either shaft 12 or rotor 18. By 

· · sharing the ,s:fiock forces imparted · to rotor 18 or shaft 12 

with the bea~i~g as$emblies 16, 171 the crash stop .rings 80 
· .. -::_.:. . . 

thus increase" t~e maximum shock load which may be experienced 

by the spinci.le · motor assembly 10 and at the same time 

effectively rai:~~. the allowable shock loading of the motor 10 

above that wti1dh_i1,tay be sustained J::>y_the bearing assemblies 

·. 16, 17 alone ~,J;thout damage to the bearings 16, · 17. 

Another embodiment utilizing crash stop ~ings to immobilize 
. ·. . .. :"'. : '. . . ' ~ ' 

undesirable mqvement1 of rotor 18 is illustrated in FIG. 6. 

Similar to tliE:l.· :other spindle motors,· illustrated in FIGS. 1 

thru 4, roto:r::;' JS supports magnetic disks 52 for rotation 

about shaft 12~·· Rotor 18 in FIG. 6 is provided with a flange ,_., 

110 extending ia:cually from the one end of rotor 18. Flange 

110 is bracke,~_1$·~ by two piezoele9tric rings il2 forming a 

c;:aliper 111 w'h.J.:,Ch is disposed ·and arranged to engage the 

planar surface~(: :of flange 110 neai;:- the periphery 114 of 

flange 110. :·::~·iezoelectric rinqs .~'.i:12 are fi~ed to and 

supported by '.~ ,_ci~mp frame 116. ·;c,1amp frame 116 is an 

annular struc~~re having a u-shap~cl cross-section. The 

dimensions of '·t,.J)Ea caliper 111 which cbmprises piezoelectric 

rings 112 and plamp ring 116 are such that whenever the 

piezoelectric ',i;lng:s 112 are in th,eir relaxed state the 

piezoelectric tihgs 112 will physically contact and forcibly 

engage the pl~.~~~ surfa~es of flang~: :110. Voltage 82 when 

applied to the"~iezoe:lectric rings 1'12 by closing switch 84 

causes the pie:l,oelectric rings 112 ':~q contract a.nd reduce 

t;hemselves in thicJC:ne~s in a direction;~ubstantially parallel 
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· ~C>. the : axis. qf ··rotation of shaft 12. This reduction in thickness' of ~~i;!~Oelectric rings 112 effectively retracts rings. ::i.12 frcmi:/~rigagement with flange 110, releasing flange 
.· . ·,·.: .... ·: 

. 110 :fo~ ·rotati<,ll) about shaft 12 • 
. :.··:.. 

Ea:ch time ve>lt.~ge 82 is disconnected from the piezoelectric x:~ngs : 112.,. th~;;:· piezoelectric rings 112 return to their re,laxed state. ,9J:~sping and clamping f icinge 110, and movement of the ro~or ie··~y a shock or impact force being exerted onto the dfsk driv~·.:. 10 is resisted by .. the clamping of the pi¢z·oefectric rings 112 onto flange 110, thereby reducing or e.fiminating th~<\l11desirable movement of rotor 18 which would or<fina.riiy def<>k~ .·and potentially dama'ge bearing assemblies Hi; 17 .'· 

Piezoelectric J;fngs 112 are fabrica~ed from a suitable pie'zoelectric mate.t;"ial such as quartz or lead-zirconate­titanat~ and the'~iezoelectric material .is oriented such that 
.. . .. 

th~retraction: o:f.the piezoelectric mat.erial in a direction sl.l~stantially nb~inal to the plane of the piezoelectric 
.. ,, '. ' . 

mai.~rial engagin9 flange 110 creates a clearance gap 113, between• flange 110 and piezoelectric;: rings 112. ~he o~ientat~on of th~ ·two rings 112 is such that the retraction movement is in ~pposlte directions thereby leaving a -g-ap between :each ot ~he piezoelectric rin~s· 112 and flange 110 upo-9 the, EiPPlication of a sufficient voltage 82. With ·the reduction in thi¢~riess of the rings 112>1 flange 110 is free . · .. ·.. . ...... ~ .. . : . .. 
. ··... "•) to~ :i:otat~ therebertw~en and thus rotor l~·· is freed to operate in·)ts ne>rmal and' '$cmventional fas hi on f~,r data recordin.g and retJ:'.ieval. It s'hquld be understood p:hat the significant aspect o~ this fn\rention is to prevent fuovement of the rotor 18 ·~ith tespect to· the shaft 12, around:·.~r along either an X or·· Y· axi$ or a co¥:bination of the two ~-~es, whenever the z axi~~i* coincid~~t to the axis of rotafion of rotor 18 and ;·· .. sha~t 12 .~ 

. . ••' . . . 

The.j::alip:er 111 may have the piezoelectl:ic rings 112 formed in segments since £,he contraction/expans~C>n direction is such .· . .:._·· 

n 
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that a complete .. ·;t".i;ng •is not necessacy •. The caliper III also 
lilay be fabric;ate,~.· ~.ith only a limit~d. ,ntimbief- of segments or 
pads engaging a ~"brtion of flange 110:. The important _factor 
to . consider whe~· .h~tel:-mining the us~,·. of segments or pads to 

engage flange 1icf.is .to provide sufficient grasping area in 
.· .· . . 

the caliper 111 ·~() imniobilize rotor'18. 

By restricting ~)1~.urig~sired moments· and movements of rotor 

18 with respect 't..C>· ~haft 12, the forces exerted on the races 
Of the ball bear:i.ttg assemblies 16 I 17 Of the Spindle motor 10 

are limited and. ~~.in'tained at less than those forces which 

will cause failu'i:'~ ·by indenting the· race surface with the 
balls 24, 30 of ~~~-e ball bearing assemblies 16, 17, to. the 

point of permanet;,#·deformation. 

Referring to Fi~. ·1, a disk drive 110 is illustrated which 

may advantageously .t.ncorporate the c+ash stop rings of this 

invention. The cii~k d~ive 110 includ~~ an actuator 124 and ·::;_: . . .. 

magnetic disk 52 •. :Magnetic disk 52 i!s ~upported by rotor 18 

which ls in turn rot~(t.ionally supported surrounding shaft l~. 

It should be understood· that the placement of the crash stop 
rings 60, 62 may Pia: mac;l.e at any number of varying locations 

along shaft 12. T.~~ ~s.f?.ential aspect of the crash stop l!"ing 

is to provide a v~.?:17 sinall- gap 68 or 70 between the crash 

stop ring 60, 62 a!:i"ci.either the shaft 12 or the rotor 18 of 
the spindle motor (o s"uch. that upon movement of the rotor 18, 

.. :: ; '·: . . . ~.,, 

the gap 68 or 70 w,i.'11. I::>~· reduced to the: po,int where the crash 
. . . . : . . . . . . . . 

stop ring 60, 62 >w~tl.' :~ngage with a ~ol:id surface of shaft . ~ . .. 
12 or rotor 18 an~-. t?~event further u,ndeSired movement of 
rotor 18 relative t:C..: shaft 12. Once the· crash stop ring 60, 

62 is moved into en<jag~ment with either the shaft 12 or rotor 
; .· ·.·· .. 

18, the crash stop :ring '60, 62 can then absorb and share some 

of the forces and ).'q~dilig between shaft .~.2 and rotor 18 such 
that the ball bearfrj.9°: .a.s~emblies 16, 11. will not be stressed 
to the point of failure~ 

It should be f.u,rth.er understood that other minor 

-~· 
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ntodif ica:tion~ : :>may be made to the several embodiments qE3scribed he¥..~1ri.: ~ithout departing front the scope of claims attached. her~tti. · .... ···:' . 

~ 

,,.: . 

. · ... ·. 

': .·. 
··,··,·:'· 
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CLAIMS 

1.. A disk drive for storing data CQlllprising: 

an el.ectrical motor including.- .•. a shaft and a rotor, 

supporting at least one magneti.c\disk; 

surrounding said shaft, a p~ir of ball bearing 

ass·emblies, 

said rotor rotationally supported,:relative to said shaft . , .. ·.'.. 

by said ball bearing assemblies,·. 

said rotor comprising an interior cylindrical surface 

co-ax·ial 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 t6 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 defo~µi any portion of any of .. , 
said ball bearings. 

2. The disk drive of claim 1 wherr£n said ball bearing 

assemblies are disposed spaced ap~rt and said ring is 

disposed on said shaft and intermediate said bearing 

assemblies. 

3. The disk drive of claim 1 wherein said ball bearing 

assemblies are disposed adjacent to each other and said 

ring is disposed axially displace4 :from said bearing and 

disposed outside said bearings. 
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4. The d~s~ drive of any one of claims 1 to 3 wherein said 

ring is: . disposed on . said shaft, intermediate said 

.bearing ··~$semblies, and said ring further comprises a 

piezo~ri:b~ric mate~ial which . contracts when an 

electric~i potential is applied to said ring, thereby 

creatin~:: a gap of said distance. 

· 5 ~ The di-sk::drive of a·ny one of claims 1 to 4 wherein said 

at least/:~~e +ing comprises a pair of rings, one of said 

ring~ .di·~~~sed adjacent each of said bearing assemblies, 

said ri~'g.S ·havfng a metal portion and a piezoelectric 

portion .' J:>Onded together, sald piezoelectric portion 

contracting under an electrical potential, whereby said 

ringrele'.ases said rotor from engagement when energized 

and enga~~s said rotor when de-energized to prevent 

moveinept··.o~ said rotor relative to said shaft. 

6. · A shock ·:damage prevention apparatus for preventing 

permanent. deformation in components of ball bearings of 
i; 

a device having a shaft and a rotor, said shaft a~d said 

rotor supported relative to each other by ball bearing 

assembli~$, said damage prevention apparatus comprising: ., 

a shock aJ;)sorbing annular ring disposed surrounding said 

shaft and having an outer surface complementary to an 

interior. :surface of said rotor, said ring having a 

radia·l width to form a gap between said ri~g and one of 

said inter'ior surface arid said shaft of a radial 

distance' '.:i;ess than a distance said rotor must be 

dispfaced~· in said radial direc~ion to effect permanent 

deformatic>f1 of any portion of s·.aid ball bearings. 

7. The appar~tU:s of claim 6 wherein said motor include~ at 

least a pair of ball bearings artd said ring is disposed 

displaced along said shaft and displaced from said pair 

of ball bearings whereby radicil displacement of said 

rotor is restricted to an amoutj,t insufficient to cause 

permanent<dE;!formation of elements of said bearings. 



.-

a. 

··---------~---------

I If lllll. llllll llll//llll IJ: llll. 
c .. l ·. '" • s . * 

22 

The apparatus of claim· 6 .op. 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 

when said ring is not contracted. 

9. A m~gnetic 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 rotor extending radially from 
said rotor and having a pair of planar f ac·es; 

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-en~rgized 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; 
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whereby said flange is disengaged by said rings when an 
· .:. ·· · elec-trical potential is applied to said rings and said 

flange is engaged by said rings when said source is 
disconnected. 

iO •. The · magnetic disk drive of claim 9 wherein said 
directi~n 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 

.cont-racted 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. 

fl!! 
Ii~ . 

·,,,. 
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CRASH STOP SHOCK RING 
P'Oi(·iJ:iHE; PROTECTION OF DISK DRIVE MOTOR BEARINGS 
.. •' ·· .. , .... -... ·: 

. "·,:"• 

Abstract 
· .. :.:. 

A. t:echniqti_~:':ibr preventing damage to ball bearings in small · form;fact·or.device is disclosed where the device has at least one bri:!Sh::s~bp ring disposed about th.e shaft and inside the rotor of a~ -d~vice. The ring is dimensioned to permit only a s~all amou;l~:of movem~nt of the rotor relative to the shaft. The permitted: movement is less than the minimum movement . : . ,: ... :··· 
which would c~use damage to the elements of the ball bearing. 

(Fig. 7) 
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SUMMARY OF THE INVENTION 

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

of the prior art. 

According to one aspect· of the presenl invention there is provided 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; 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 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 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 tlange; 

. ·.'.· 

This is the replacement she6l 

Data: 1·r. . ., . JUL f999. 
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bearings, shaft and the hub of the dialc drive are 
manufactured, some very limited movement of ~he rotor aay 
occur about and/or alonq an X or Y axis and along the z axis, 
where the axis of rotat.1.on and the Z axis are coincident and 
the x and y axis are radial to t.he aha ft. Dependinq upon the 
point of impact or_shoek, the most likely motion will be a 
rotation of the rotor may occur about ei"ther or :both of the 
x and Y axes. ~his 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 spacinq of the bearinqs, the 
co•press1on may exceed the elastic deformation limit of the 
material of the races. 

Where the beari~q assemblies are both placed at positions 
near one end of the rotor and consequently one end of the 
shaft, the potential for bearing damaqe is increased. This 
increased potential for d~mage is c1u.e to the lever arm 

I 

throuqn which the impac~ force may act, thereby increasing 
the force on t~e balls an4 races. The only viable approacn 
to preventing any damaqe caused l:>y shock or impact forces is 
to cushion the device to absorb some or all of the forces or 
to block transmissipn of the forces to the bearing 
assemblies. 

'. . 'hee\ : . . . •ne rep\acement s . 
"{.~: lS ~ 

111 ·JUL 1999 
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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-energized state when not influenced 

by said ele<:trical potential; 

a source of said electrical potential connected to said rings; 

an electrical switch intermediate said SOlll'te and said rings to connect and 

disconnect said source and said rings: 

whereby said flange js disengaged by said tings when said electrical potential is 

applied to said rings; and said tlange is engaged by said rings when said source is 

disconnected. 

According to another aspect of the present invention there is providc:d a disk 

drive for storing data comprising: 

an electrical motor u1cluding a shafi: and a rotor supporting at least one 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 

~semblies; 

ent sneet 
Th\$ \s the rep\acem 
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$aid rotor comprising an mterior cylindrical surface coaxial with smd shaft; and 

at least one ring for preventing damage to said pair of ball bearing assemblies by 

blocking movement. of said rotor relative lo 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 

one ring tor preventing damage attached to oue of said shaft and said rotor and having a 

cylindrical surface in confronting 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 mu.o;;t move relatively toward said shaft to cause permmumt 

deformation of said compo11ents 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; 

Th\s is the replacement shell. 
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wherein said at least one ring is disposed on said shaft. intcrm"'1iate said pair of 

ball bearing assemblies, and said at least one ring further comprises a piezoelectric 

material which contract~ when an electrical potential is applied to said at least \'>nc ring. 

thereby creating a gap of said first distanc:e. 

According to still another aspect of the p~nt invention there is provided a disk 

drive for ~1.oring data cotnprising: 

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

disk; 

surrouoding said shaft, a pair of ball bearing assemblies: 

said rotor rotationally supported relative to said shall by said pair ofball bearing 

assemblies; 

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

at least cine ring for preventing damage to said pair or ball bearing assemblies by 

blocking movement, of said rotor relative to said shaft in a radial direction. of sufficient 



g 

magnitude to force components of said pair of ball bearing assemblies intu engagement 

sufficiently to cause permanent defonnation and damage to said components, said at le-JSt 

one ring tOr preventing damage attached to one of said shaft and said rotor and having a 

cylindrical surface ill confronting relation to the other one of said shaft and said rolor and 

spaced from said other one of said shaft and said rotor by a diswice less than the dislance 

said rotor must move relatively toward said shaft to cause permanent defonnation of said 

components 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; 

wherein said at least one ring comprises a pair of rings. each of said rings 

respectively disposed adjacent one of said pair of ball bearing assemblies. said rings 

having a metal portion and a piezoelectric portion bonded together, said piezoelectric 

ponioo contractmg under an electrical potential, whereby said rings release engagement 

i\l 
M 
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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. 

Accordina to still another aspect of the present invention there is provided a 

shock damage prevention apparatus for preventing perma11ent deformation hi componencs 

of ball beari11g assemblies of a disk drive havin& a shaft and a rotor, said shaft and said 

rotor supported relative to each other by said ball bearing assemblies, said damage 

prevention apparatus comprismg: 

a ring for protecting said ball bearing· assemblies from shock impacts, said ring 

disposed Stin'Ounding said shaft and having an outer surface complementary to an interior 

suTface 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 defonnation of any portion of said 

ball bearing assemblies of said disk drive, 

wherein said ring is disposed on said shall and intermediate said ball bearing 

assemblies and said ring comprises a piezoelectric portion which contracts in response to 

a11 elcctncal potential, whereby said outer surface of said ring and said interior surface or 

said rotor are each disengaged from the other when :;aid ring is contracted and engaged 

with the other when said nng is not contracted. 'this is th 
e repfqce 

Qete: · 1116nt Sh 
•. . Bet 
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A more complete and detailed understanding of the invention 
may be had by reference ~o the draw1nqs and the detailed 

description of the invention to follqw. 

Brief description of the Drawings 

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

FIG. 2 is an ill'UStration of the spindle motor of FIG. 1 
wherein crash stop rings have ceen provided to reduce shock 
clamaqe. 

FIG. J illustrates another arranqement of. the crash stop 

rinqs within the spindle motor illustrated in FIG. l-

FIG. 4 illustrates an embodiment having crash stop :rings 

disposed .adjacent to tl\e ball bearing assemblies of a spindle 
moto:i: wherein the crash stop rinqs may be e'lectrically 

controlled to engage and to disen9a9e the spindle motor 
rotor. 

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

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

Fiq. 7 illustrates a aisk drive wnich may utiliie thQ crash 

This is the· replacement sheet 
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CLAIMS 

1. A magnetic disk drive for storing data comprising: 

a drive motor including a shat\ 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 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 l)f 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; 

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 said cl~trical potential; 

a source of said electrical potential 'onncet~d to said rings: 

an electrical switch intermedia.te said source and said rings to connect and 

disconnect said source and said rings; 

whereby.said flange is disengaged by said:·rings when said electrical potential is 

aPl'lied to said rings; and said tlange is engaged by said rings when said source is 

disconnected. 

This is the replacement sheet 
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2. The magnetic disk drive of claim 1 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 tlange and wherein said first and second rings are dist'osed in 

their contracted state. 

3. 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 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 l~ast one ring for preventing damage to said pail" ofbaJI beaiing assemblies by 

blocking movement, of said rotor relative lo said shaft in a radial direction. of sutlicient 

magnitude to force components of said pair of ball bearing assembli~s into engagemcmt 

sufficiently to cause permanent deformation and damage to said components, said at least 

one ring for preventing damage attached to one of said shaft and said rotor and having a 

cylindrical surface in confronting 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 inust move relatively toward said shaft co cause permanent 

defomwtion of said components 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 sheet: 
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wherein said at least one ring is disposed on said shaft, interm~at~ said pair of 

ball bearing assemblies, and said at least one ring. further comprises a pie:£oelectl;c 

material which contracts when an electrical p0tential 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; 

surrounding said shaft, a pair of ball bearing assemblies; 

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

assembUes; 

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 to said shaft in a radial direction. of sufficient 

magnitude. to force components of said pair of ball bearing assemblies into engag~mtml 

sufficiently to cause permanent deformation and damage to said components, said at least 

one ring for preventing damage attached to one of said shaft and said rotor and having a 

cylindrical surface in confronting relation to the other one of said shaft and said rotor and 

spaced troiii .said othet one of said shaft and said rotor by a distance less than the di.stance 

said rotor must move relatively toward said shaft to cause pennanent deformation of said 

components within. said pair of ball bearing assemblies: 

whereby said rotor is prevented from being displaced relative to said shall 

sufficiently to permanently deform any of said components of any or said pair of ball 

bearing assemblies~ 
This is the replacement sheet· 

Date: 111 · JJl 1999-
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wherein said at least one ring comprises a pair of rings, each or said rings 

respectively disposed adjacent one of said pair of ball bearing assemblies, said rings 

having a metal portion and a piezoelectric portion bonded toglrther, said piezoelectric 

portion contracting under an ele<.."trical potential, whereby 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 preveming permanent 

deformation in components of ball bearing assemblies of a disk drive having a shafl and 11 

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 ling 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 :-;aid rotor must 

be displaced in the radial direc\-ion to effect permanent deformation of any portion of said · 

ball bearing assemblies of said disk drive. 

wherein said ring is disposed on said shaft IUld .intermediate i;aid ball bearing 
. . . 

~semblies and said ring comprises a piezoelectric portion ~which contracts in response to 

an electrical potential, whereby said outer surface of said ring and said interior surface of 

said rotor are each disengaged from the other when said ring is contracted and engaged 

with the other when said ring is not contracted. 
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the hub of the disk drive are maritit~Ctu:reci., s'6rii~ very limited movement of t_he rotor may occ&.r .4J:i.pi1t :a~d/bf .along an X ~r Y axis and along the Z axis, where .th~:·. ajci's :bftrotatio.n and. the z axis are coincident and the .'x;~ arid; Y a~if;:}#~~ ·radial to the Shtilft. Depending upon the 
point of· .. im:P.a:ct><?.r; ·shock, the most likely motion will be a rot~t:i(;ti<:ic)f. the:··~o~o·r may occur about either or both of the 

...... ·.:· .... · . . . . . ·.: .. · .... 

x and\,,i .axes(:.1his: :rotation of the hub and consequently the inne~X~nd'. oi~£.Jr:;rari~J;w111 compress at least one ba11 in each of fh~ balf:.J,~~rin~:.~ssemblies. Depending on the amount of ·;~. . .. ·~· ·~····. . .. 
the fb;i:;~>f:ifQ'n~'l} Jllove!ii~nt .and the spacing of the bearings, the 

'mcoamtpe.'.rr' ei·:::as'al.~::~1.;;·00:.;·.~f;:·:.~t::,h~ye". exc;~:~d the elastic deformation limit of the ·rc1ci$s. . . . ,,. .. ·:. ·\·· .·.:.: . ~J:·.· 
' .... ' .. ;;: .. . '.· .. · .. ::·:.\.:': .. . ... 

· .... · •• = ·,:\ 

Where .. the .. ~e~:P::±ng . ~~8:e.mblies are both placed at positions near':.· on~ .. end :•/(?;£. the. ·~rotor and consequently one end of the shaf#j:\ ... £~·~:: p6t'~nt!~J. for bearing damage ·is increased. This increc:i,~'ed·.,::po:tE!,ntlal for damage is due t·o the lever arm .. ·.· .,,.:-.:··: ... •.\ :.· .. ·:·: ...... · ............. .' 1· .:· ... · •, through wll.ich):'~}:ie .. J;mpact force may act, thereby increasing .... · ..... ,.. ·... . ·' : ·. .• ... ·. '·· .->·. . 

, the ~~-f~r'.)~.l'l_::t~e'.::bi+l.s and races. The only viable approach to pr(i!.V'~ll"t:i)1g.:ariy da,~mage caused by shock or impact forces is to cus'htbd ''~he :::d~vlbe t<;> absorb some or all of the fore es or to bio:ck'. tran~rni~sion of the forces to the bearing assembli~~<· ;).,''_:·· 
:·."' <:.-:··,·: 
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SCMMARY OF THE INVENTION 

It is an object of the present invention to am~liorate one or more disad\·anmges 

of the prior art. 

According to one aspect of the present inv~ntion there is provided a magnetic 

disk drive for ·storing data comprising: 

a drive motor including a shaft and a rofor rqtationally mounted for movement 
. .·_.:··· .. : '.r:/·· 

-~: •. : .. · .... 

relative t() :said shaft; a pair of ball bearing assem~ti~. ;disposed intermediate said rotor 
. ·:·· .· . ~ : < i~ << 

: • ~ :.; '· -~ ! ::: • 

and said.shlut: 

·~.milgnetic disk disposed on said rotor fo'r'.ih~tion with said rotor relative to said 

shaft; . 
•. _, :"= .. ,:. 

a flange disposed on said rotor extending :radially from said rotor and having a 

pair of pbmar 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 disposed juxtaposed 

with the other of said pair of planar faces of said flang~; . 

. : -:~ 
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