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SUMMARY OF THE INVENTION 

It is an object of the present invention t~ ameliorate one or more disadva11tages 

of the prior art. 
•."·' 

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

disk. drive for storing data comprising: . 
·.'' . 

a drive motor including a s,b,aft 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 spati8Ily fixed with respect to said shaft and disposed juxtaposed with 

one of said p'air of plam,r faces of said flange; 
_:.,:= 

a second ~g spatially fixed with respeet to said shaft and disposed juxtaposed 

witl1 the other of said pair of planar faces of said flange; 

·~ .· 
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bearings, shaft and the hub of the disk drive are 
llUUlUfactured, some very limited movement of tjle 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 
t:h• x and y axis are radial to the a haft.. Depending- upon the 
point of impact or shock, the ~ost likely motion will be a 
rotation of the rotor may occur about either or .both of the 
x and y axes. This rotation qf the hub and consequently the 
inner and out.er races will compr.ess at least one ball in each 
of the ball bearing assemblies. Depending on the amount of 
the rotational movement ancf.the spacing of the· bearings, the 
coinpression may exceed the elastic def o.rmation limit of the .i:". 

material of the races. 

Where the bearing assemblies are both· placed at positions 
near one end of the rotor and consequently one enC1 of the 
snafe, th• potential tcfr bearing damaqe is increased. This 
increased poten1:.1al for damage is <tue to the lever arm 

I . 
through which the impact. force may act, thereby increas1nq 
the force on t:he balls a.nCl r4ces. The only vial:>le approacl'\ 
to preventing any daritaqe caused ~ 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. 
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said rings having a state of contraction in a directi9n perpendicular to said faces 

when influenced by an electrical potential and a de-enetgizcd state when not influenced 

by said el"trical polential; 

a source of said electrical potential co~e(:ted to said rings; 

an electrical switch intermediate 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 poten1ial is 

applied to said rings~ and said tlang~ is engaged by said rings when said source is 

disconnected. 

According to another aspeet of the present invention there is provided a disk 

drive for storing data comprising: < 

an electrical motor h1cl\lding a shaft and a rotor supporting at J~ast one magnetic 

disk; 

surrounding said shaft. a pmr of ball bearing assemblies~ 

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

assemblies; 

fl 
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:iaid rotor comprising an interior cylindrical surface coa~dal 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 jmr of ball bearing assemblies into engagement 
· .. , 

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

one ring tor preventing damage a~hed to ooe of said shaft and said rotor and having a 

cylirulrica! 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 b~ a first distance less than the 

distance said rotor must move relatively toward Said shaft lo cause perm.anent 

dcfonnation of said compo1~~ts within said pair of ball bearing assemblies; 

whereby said rot9r is prevented from being displaced relative to said shaft 

sufficiently to permanen~y deform any of said components of any of said pair of ball 

bearing assemblies; 

',· .. · .·. ·. ,~ : .,_ ..... ,· .. :· .: · .. · .:· ., 
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wherein said at least one ring is disposed on said sl1aft, intcrm~ate said pair of 

ball bearing assemblies, and said at least one ri~g further comprises a piezoelectric 

material which contracts when an cicc..1.rical potential is applied to said at least l)DC ring. 

thereby creating a gap of said first di~1an'"c:. 
~ ::;· 

According to still another aspect ofthe pre:i-e.at jnvention there is provided a disk 

drive for storing data comprising: 

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

disk; 

surrouoding said shaft, a p~ir of ball bearing assemblies: 

srud rotor rotationally s,upported relative to said shaJl 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 or ball bearing as:.emblies 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 ofball bearing assemblies into engagement 

sufficiently to cause permanent deformation arid damage to said cumponencs, said at least 

one ring tbr preventing damage attached tO. one of said shaft and said rotor and having a 
,-:: 

cylindrical surface ii1 confronting rclati()n to the other one of said shaft and said rotor and 
.... 

spaced from said other one of said ~aft and said rotor by a distance less than the dis1ancc 

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

components within said pair o(ball bearing ~sembJies; 

whereby said rotor> is prevented from bemg displaced rela•ivc to said shaft 

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

bearing assemblies; 

wherein said.fat least one ting 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 po~ion and a piezoelectric portion bonded together. said piezoelectric 

pon.ioo contractmg·under an electrical potential, whereby said rings release engagement 

........ _ ....... · .. ·· 
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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 shatl. .. · · · 

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 bearhl& assemblies of a disk drjve havin& a shaft and a rotor. said shaft and said 
·.".:'. 

rotor supponed reJative to each ot~ 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 shat\:and having an outer surface complementary to an interior 
·,. 

SUTface <.1f said rotor, said rin~ 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 eflect permanent defonnation of any portion of wd 
. :~ 

ball bearing assemblies of ~aid disk drive. 

wherein said rin.¢ is disposed on said shall and intermediate said ball bearing 

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

ai1 elcctncal potential, whereby said outer swface of said ring and said interior surface of 

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

with the other when said nng is aot contracted. 

. ·' ,. ~ . 
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A more complete and detailed understanding of the inven~ion 
may be had by reference to the drawings and the detailed 

description ot the invention to f~llow. 

Brief desc.-ription of the;Drawings 

FIG. l illustrates a conventional spindle motor such as may 
be ~sed in a disk driv~. 

FIG. 2 is an illustration of· the spindle motor of FIG. l 

wherein crash stop rings ha,ve ceen provided to reduce shock 
clamaqe. 

FIG. 3 illustrates another arranqement of. the era.sh stop 
rinqs within the s·pincue motor illustrated in FtG. l. · 

... : .. ( 
FIG. 4 illustrates an •; e111bodiment havinq crash stop rings 
disposed. adjacent to th~ ball bearing assemblies of a spindle 

~ ~ 

moto~ wherein the crash stop rings may be electrically 

controlled to enqaqe )'.and to disenqa9e the spi.ndle motor 
rotoJ:, 

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

FIG. 6 illustrates i piezoelectric crash stop rinq utilized 
to clamp a flan9e on tne spindle motor ro~or. 

Fiq. 7 illustrates a <1isk arive which m~y,_.utili~e thQ crash 
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CLAIMS 
\~ .· .• . ' 

1. A magnetic disk drive for storing data:comprising: 

a drive motor including a shaft and a rototf~tationally mowited for movement 

relative ro said shaft; a pair of ball bearing asset:nblies disposed intermediate said roto~ 

and said shaft: 

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

shaft: 

a flange disposed on said rotor ,gXtending 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 rii1g spatially tlxed with respect to said shaft and disposed juxtaposed 

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

said rings havin~ a state of contraction in a direction perpendicuJar to said face~ 

'-./ whdl iniluenced by an elcc.,1.rical potential and a de-energized state when not influenced 

by said electrjcal potential; 

a source of said dectrical potential connected to said rings: 

an electrical switc~ intermediate said source and said rings to connect and 

disconne(..1 said source and said rings; 

whereby said flang~ is disengaged by said rings when said .electrical potential is 

af'l'Ued to said rings; and (said tlange is engaged by said rings ~hen said source is 

disconnected. \-. ... 
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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 o( said second ring are opposing and 

directed away from said tlange and wherein said first and second rings are disposed in 

their contracted state. 

3. A disk drive for storing data co'inprising: 

an electrical motor including a shaft .• ~ a rotor supporting at least one magnetic 

disk; 

surrounding said shaft, a pair of~all bearing assemblies: 

said rotor rotationally supporreq· relative to said shaft by said pair of ball bearing 

assemblies; 

said rotor comprising an interior cylindrical surface coa.xial with said shaft: and 

at l~ast one ring for preventing damage to said pair of ball beaiing assemblies by 

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

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

sufficiently to cause pennanent 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 must M.ove relatively toward said shaft i:o 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 to permanently deform any of said components of any of said pair of ball 

·bearing assemblies: 

F 
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wherein said at le~'t one ring is disposed on said shaft, intcrmedial~ said pair of 

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

·' 
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 jncluding a shaft and a rot9r supponing at least one magnetic 
:·.: 

disk; 
:·,~-

surrounding said shaft. a pair of ball bearing" assemblies; 
~-~ 

,,._ 

said rotor rotationally supported relative t~ saitl shaft by said pair of ball beariny 

assemblies; 

said rotor comprising a11 interior cylindrical surface coa.xial with said shaft: and 

at least one ring for preventing damag¢:to said pair of ball bearing assemblies by 

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

magnitude to forc:e components of said pair of ball b~aring assemblies into engagement 

sutliciently to cause permanent deformation and damage to said compon~nls, 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 distance less than the distunc~ 

said rotor mu.-;t move relatively toward sai~ 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 shan 

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

bearing assemblies~ 
. :· :: ...... ·. ···'···.:.' . 
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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 aod a piezoelectric portion bonded togtrther, said piezoelectric 

portion contracting under an electrical potential, w~crcby said rings release engagement 

with said rotor when ~nergized and engage said rotor when de-energ\~ed to prevent 

movement of said rotor relative to said shaft. 

5. A shock damage prevention apparatus for preventing permanent 

deformation in components of ball ~ing assemblies of a disk drive having a shaft and a 

rotor. said shaft and said rotor supPortcd relative to each other by said ball bearing 

assemblies, said damage prevention ~pparatus comprising: 

a ring for protecting said bll}l bearing assemblies from shock iinpacts. said rjng 

disposed surrounding said shaft ancthaving an outer surface complementary to an interior 

surface of said rotor. said ling having a radial width to form a gap betwee11 said ring and 

said interior surface of said rot<.lr 9f 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 

'\.....I · ball bearing assemblies of said disk drive. 

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

~semblies and said ring comp~ises 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 a.re each disengaged: froni the otber when said ri0:g is contracted a11d engaged 
·. 

with the other when said ring is not contracted. 
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