SUMMARY OF THE _I_If_lVE_NTION
It is an object of the present invention to Qmeli_oratc one or more disadvantages
of the prior art. | 3
According to one aspect of .lhe present invention there is provided a magnetic

disk drive for storing data comprising

a drive motor including a shaﬂ and a fotor rotationally mounted for movement
relative to said shaft; a pair of ballbeanng assemblies disposed imtermediate said rotor
and said shaft:

a magnetic disk d:sposed 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 spaually fixed with respect to said shaft and disposed juxtaposed with
one of said pair of planar faces of said flange; |

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

with the other of said pair of planar faces of said flange;
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bearings, shaft and the hub of the diskx drive are
manufactured, some very limited mowément of the rotor may
occur about and/or along an X-or Y axis and along the % axis,
where the axis of rotatlon and the. 2 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 cdﬁpress 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 assemﬁlies are both placed at positions
near one end of the rotor and consequently one end of the
" shaft, the potential fd& bearing damage is increased. This
~ increased por.ential for damage is due to the lever arm
' through which the zmpact force may act, thereby increasing
the force on the bal;s 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 transmlssion of the forces to the bearing
assemblies. : _ -
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said rings having a state of contraction in a ditection perpendicular to said faces
when influenced by an electrical potential and a de-epérgizcd state when not influenced
by said electrical potential; |

a source of said electrical potential conq_e_fiﬁéd to said rings;

~ an clectrical switch intermediate smd source and said rings to conpect and

disconnect said source and said rings:; ..

whereby said flange is disengagga .by said rings when said elecuical potential is
applied to said rings; and said ﬂangﬁe_;‘j??is engaged 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 inq}'\i;iing a shaft and a rotor supporting at least one magnetic
disk;

surrounding said shaft. a pair of ball bearing assemblics;

said rotor rotation_;xny supported relative to said shaft by said pair of ball Seaﬁng

assemblies;
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said rotor comprising an interior cl.zlindri:ca_l' surface coaxijal with said shaft; and

at least one ring for preventing daznageto said pair of ball bearing assemblics by
blocking movement, of said rotor relative t:;;-".éaid shaft in a radial direction, of sufficient
magnitude to forcc components of said_ paxr of ball bearing assemblies into cngagement
sufficiently to cause permanent defonnatxon and damage to said components, said at least
onc ring for preveating damage attached to ope of said shaft and said rotor and having a
cylindrical surtace in co.nfrontmg;;elation to the other one of said shafl and said rotor and
spaced from said other one ofsaxd shaft and said rotor by a first distance less than the
distance said rotor must é;ove relatively toward said shaft to cause permament
deformation of said compoxgénts within said pair of ball bearing assemblies;

whereby said ro;@:r is prevented from being displaced relative to said shaft
sufficiently to pennanent:i;':; deform any of said components of any of said pair of ball

bearing assemblies;




7 .
wherein said at least one ring is disposed on smd shaft, intcrmediate said pair of
ball bearing assemblies, and said at least onc nng further coﬁpriws a piczoelectric
material which contracts when an ciectrical potentxal is applied to said at least one ring.
thereby creating a gap of said first distance.
According to still another aspect otf,'-'t;he present invention there is provided a disk
drive for storing data comprising: ";

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

disk;

surrounding said shaft, apalr of ball bearing assemblics:

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 shatt; and
at least one ring tb} preventing damage to said pair of ball bearing assemblies by

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



magnitude to force components of said pair of_ i_b.all bearing assemblies into engagement
sufficientty to cause permanent det‘onnatioglé'ri;d damage to said components, said at least
one ring for preventing damage amhed toonc of said shafi and said rotor and having a
cylindrical sucface in mn&onﬁng relaé_é_ﬁ to the ather 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 said
compunents within said pair of. ii;all bearing assemblies;

whereby said IOIOl‘lb prevented from being displaced relative to said shaft
sufficiently to permanenﬂy deform any of said components of any of said pair of ball
bearing assemblies;

wherein said_;:_e"';t least one ring comprises a pair of rings, each of said rings
respectively dispose,;ij adjacent oﬁe of said pair of ball bearing assemblies. said rings
having a metal po{_&on and a piezoelectric portion bondcd togéther. said piezoelectric

portiop contractmgﬁfundet an clectrical potential, whereby said rings releasc engagement
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with said rotor when énerglzed and engage sa’;d; rotor when de-energized to prevent
movement of said rotor relative to sad shaft

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

a ring for protecting saxd ba!l bearing assemblies from shock impacts, said ring
disposed surrounding said shaftand having an outer surface complementary to an interior
surface of said rotor, said rin__g;gl'xaving 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 d{;ection to effect permanent deformation of any portion of said
ball bearing assemblies of sa1d disk drive,

wherein said rmg .is disposcd on said shait and intermediate said ball beaning
assemblies and said ring '_;omprises a piczoelectric portion which contracts in response td
an electrical potential, whereby said outer surface of said rmg and saxd interior surface of
said rotor are each dxscngagcd from the other when smd ring is contracted and engaged

with the other when saxd_ _nng is not contracted. .
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A more complete and detailed unders@&nding of the inveation
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 conventiq_ﬁal spindle motor such as may
be used in a disk drive. 2

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 anothér arrangement of, 6 the crash stop
rings within the s'pindle_;fmotor 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 cx:afsh stop rings may be é’lectrically
controlled to engage..and to disengage the spindle motor
rotoyx.

FIG. § {llustrates a_g,.é:rash stop ring of the type found in the
motor illustrated m FIG. 4.

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

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




CLAIMS v

1. ' A magnctic disk drive for storing dataf_:;;:»mprising:

a drive motor includiog a shait and a rotor’ :;;tationally mounted for movement
relative to said shaft; a pair of ball &aring asseg?!;lies 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 __‘__':c_-:eitending radially from said rotor and having a
pair of planar faces;

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

a second ring spatially hxed 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 electrical potential;

a source of said electrical potenual connected to said rings:

an electrical switch__,' intermediate said source and said rings to connect and
disconnect said source and sa:d rings;

whereby said ﬂange is disengaged by said rings hhen said electrical potential is
_applied to said rings; and isaid flange is engaged by said riggs- when said source is

disconnected. RN




2. The magnetic disk drive of claim 1 wh___éféin said direction of contraction
of said first ring and said direction of contraction otsmd 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 s_haﬁi_;:ia'nd a rotor supporting at lcast onc magnetic

disk;

surrounding said shaft, a pair of..__b:;ll bearing assemblies:

said rotor rotationally‘ supporte;':i:frelativc to said shaft by said pair of ball bearing
assemblies;

said rotor comprising an 'intgéor cylindrical surface coaxial with said shatt: and

at least one ring for prcwn}_ihg damage to said pair of ball bearing assemblies by
blocking movement, of said rotor __r:élative to said shaft in a radial direction, of sufficient
magnitude lo force components of said pair of ball bearing assemblies into engagement
sufficiently to cause permanent @i:fomation and damage to said components, said at least
oue ring for preventing damage_?attachcd to one of said shaft and said rotor and having a
cylindrical surface in confr_onti_riié relation (o the other one of said shaft and said rotor and
spaced frpm 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 10 cause permancnt
deformation of said componc;is within said pair of ball bearing assemblies:

whereby said rotor xs prevented from being displaced relative to said shaft
sufficiently to permanently dé__fqrm any of said components of any of said pair of ball

‘bearing assemblies:




wherein said at least one ring is disposed on said sluﬁ, intermediate said pair of
ball bearing assemblies, and said at least one ring further comprises a piezoelectric
material which contracts when an electrical potential is ap.ﬁiied to said at least one ring.
thereby creating a gap of said first distance.

4. A disk drive for storing data comprisir}’;;

an electrical motor including a shaft and a ro;_é’t supporting at least one magnetic

disk;,

surrounding said shatt, a pair of ball beanng -asscmblies;

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

said rotor comprising an interior cylind_g’ical surface coaxial with said shaft; and

at [east onc ring for preventing damagc to said pair of ball bearing assemblics by
blocking movement, of said rotor relative 10 s;iid shaft in a radial direction, of sufficient
magnitude to force components of said pair of ball bearing assemblies into engagement
sufficiently to cause permanent dcformatidn and damage to said components, said at least
onc 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 distance
said rotor must move relatively toward sa:d shaft to cause permanent deformation of said
components within said pair of ball bearin_:'g; assemblies:

whereby said rotor is ;m:\rc:rxtt:c,i_:é from being displaced relative to said shaft
sufficiently to permanently deform any of said cémponents of any of said pair of ball

bearing asscmblies;
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wherein said at least one ring con’_xérises a pair of rings, cach of said rings
respectively disposed adjacent onc of said__;"}:ﬁir of ball bearing assemblies, said rings
having a metal portion and a piezoelectric: portion bonded together, said piezoelectric
portion contracting under an electrical potéxtial, whereby said rings release engagement
with said rotor when energized and eqéé;ge said rotor when de-energized to prevent
movement of said rotor relative to said shaft

S. A shock damage p;évention apparatus for preveniing permancnt
deformation in components of ball bcanng assemblies of a disk drive having a shaft and 1
rotor, said shaft and said rotor supébrtcd relative to each other by said ball bearing
assembilies, said damage prevention apparaxus compriéing:

a ring for protecting said ball bearing assemblies from shock impacts, said ring
disposed surrounding said shaft am__:_iha.ving 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 dnrectio_n" to effect permanent deformation of any portion of said

- ball bearing assemblies of said dxsk drive,

wherein said ring is di.'_sposed on said shaft and intermediate said ball bearing
assemblies and said ring comprises a piczoelectric portion which coutfacts in response ©
an electrical potential, whereb)é- said outer surface of said ring aﬁd said interior surface of
said rotor are each disengagcd-;fmm the other ‘#hcn said_'rin_g is contracted and engaged

with the other when said ring is.not contracted.




