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BACKGROUND OF THE INVENTION 1. Field of the Invention s

present invention relates to notion limters in a Direct Access Storage
Device (DASD) and, in particular, notion limters for preventing data zone
and spi ndl e bearing danmage. 2. Description of the Related Art

Personal Conputer Menory Card |International Association (PCMCIA) standard
Direct Access Storage Devices (DASDs) are insertable into slots in
conputers, particularly |laptop and notebook computers, where conponent size

is a very significant design .factor. -
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MOTION LIMITERS IN A DIRECT ACCESS STORAGE DEVICE FOR
PREVENTING DISK DATA ZONE AND SPINDLE BEARING DAMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to motion limiters in a Direct Access Storage
Device (DASD) and, in particular, motion limiters for preventing data zone and
spindle bearing damage.
2. Description of the Related Art

Personal Computer Memory Card Intemational Association (PCMCIA) standard
Direct Access Storage Devjices (DASDs) are insertable into slots in computers,

particularly laptop and notebook computers, where component size is a very significant

design factor. ' =

PCMCIA standard handling specifications require that products (including disk
drives) be able to withstand drops onto very hard surfaces. For example, the PCMCIA

specification requires that a disk drive be able to survive a 30-inch drop without data

loss. This drop converts a significant amount of potential energy into kinetic energy.

. The abrupt stop upon impact converts the kinetic energy into very high deceleration

forces which may exceed the forces which the PCMCIA DASD components may
accommodate. Experiments indicate that a 30-inch drop onto hard vinyl can transmit
acceleration forces of over 1,200 g to the internal structures of a PCMCIA DASD. .-
Accordingly, due to the reduced size of the disk drive, the PCMCIA DASD is more

delicate and may be more susceptible to damage upon impact.



PAMCI A=st andard handl i ng specifications require that products (including

di sk drives) be able to withstand drops onto very hard surfaces. For
exanple, the PCMClI A specification requires that a disk drive:be able to
survive a 30-inch drop without data | oss. This drop converts a significant
amount of potential energy into kinetic energy. The abrupt stop upon i npact
converts the kinetic energy into very high decel eration forces which may
exceed the forces which the PCMCI A DASD conponents nay accommobdat e.
Experiments indicate that a 30-inch drop onto hard vinyl can transmt
acceleration forces of over 1,200.g to the internal structures of a PCMCI A
DASD. Accordingly, due to the reduced €4 ze of the disk drive, the PCMCI A
DASD i s nore delicate and nay be nore susceptible to danage upon i npact
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first two natural frequencies are each under about 2 kHz for a standard 48 mm disk,
anfi each under about 1 kHz for a standard 65 mm disk. Struc_tures with these natural

frequencies will be strongly excited_ by 0.5 ms acceleration pulses.

As a DASD is dropped, energy is transferred from the base to the data storage
disk through the spindle bearings. The energy is roughly proportional ‘to the amplitude
of resultant motion of the data storage disk, and also related to the stresses at the .
ball/race interface of the spindle bearings. Large amplitude deflections of the data
storage disk cause large stresses between the balls and races, and can lead to

premature spindle bearing failure. .

The use of the PCMCIA DASD in laptop and notebook size computers
suggests a high probability of DASD impacts as a result of being dropped. The
impacts can partially result from any rough har;dling of the computer device itself.
Additionally, the impact forces could come from dropping the disk drive itself at a
time when the DASD is not installed in the computer housing. The problem becomes
worse as data storage disks and actuator arms become thinner. If an actuator arm is
allowed to hit the data storage disl_c in a data zone, hard errors can occur.

U.S. Patent 4,939,611, issued July 3, 1990 to Connolly, proposes the use of

vertical displacement limit stops on work function members in a disk drive for



As'a DASD is dropped, energy is transferred fromthe base to the data
storage di sk through the spindle bearings. The energy is roughly
proportional to the anplitude of resultant notion of the data storage disk,
and also related to the stresses at the. ball/race interface of the spindle
beari ngs. Large anplitude deflections of the data storage disk cause | arge
stresses between the balls and races, and can lead to premature spindle
bearing failure. The use of the PCMCI A DASD in | aptop and not ebook
Si ze computers suggests a high probability of DASD inpacts as a result of
bei ng dropped. The inpacts can partially result from any rough handling of
the conmputer device itself. AdditionalBy, the inpact forces could cone from
dr oppi ng the disk drlve |t elf at a_tinme when the DASD i s not Qj&%alled in
the conputer hdUSIHHYS % DfAERgs- b Dheoyraical displagement Iyt £198F BF REPYIET €ks and
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3 preventing d&f%ﬁoc 'f’c%nt.c@g?h ﬁ@ﬂﬁﬁélﬁggxsgr tﬁ%mgmpéf%crﬁgﬁﬁh Lrérmai stops

are pr ovi ded on work functidn ne rs UCh as vanes and actuator arns.
When t he act uatdiyplacemnenhlimit stops disclosed in the Connolly patent are inadequate to prevent

data zone, actuator arm and spindle bearing damage during the 30-inch drop required
by the PCMCIA specification, however. Because vertical displacement lirﬁit stops are
mounted on the actuator arms, the actuator arms can be daméged by the 30-inch drop
required by the PCMCIA specification, resulting in data loss due to track
misregistration. Additionally, because vertical displacement linit stops are mounted
on the actuator arms, contact between the data storage disk and the actuator arms is
only prevented when the actuator arm is in the locked position. This is
disadvantageous because impacts also can occur when the actuator is in an unlocked
picysition. Further, vertical displacement limit stops are only disposed on work function
members, and thus do not prevent spindle bearing damage from occurring during the
30-inch drop required by the PCMCIA specification.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an enhanced DASD for shock

protection.

It is another object of the present invention to provide 2 DASD that protects
the data zone and actuator arm from damage when subjected to acceleration forces
over 1,200 g, acting over a time interval of 0.5 ms.

: : It is a further object of the present invention to provide a DASD that protects
spindle bearings from damage when subjected to acceleration forces over 1,200 g,

acting over a time interval of 0.5 ms.



afl ockeéd position, the vertical displacenent limt stops prevent contact of
the work function nenbers with adjacent track surfaces of the data storage
di sks in the presence of shock forces as high as 105 g, actimg over- a tine
interval of 3 nms. The vertical displacenment |imt stops disclosed in the
Connol | y patent are inadequate to prevent data zone, actuator arm and

spi ndl e beari ng damage during the 30-inch drop required by the PCMCI A
speci fication, however. Because vertical displacenent limt stops are
nount ed on the actuator arns, the actuator arns can be danaged by the
30-inch drop required by the PCMClI A specification, resulting in data | oss
due to track msregistration.. Additional |y, because vertical displacenent
limt stops are nounted on the actuator arns, contact between the data
storage disk and thBiac&ﬂﬁhnﬁmawnsof&e@ﬂkynpwembnmeuvwnenDﬂB@t&ctuator arm

is in the |ocked, méaaam%dmoaem%égﬁ;gﬁ%om HonPGERYS GrlI MBS 2 SO can

occur when the "actuator 1s’in an unloc her, vertical

di spl acement | itpecelsratipnsfores withpuy rediuising thedicwptonorty i adpekedpesifietber s, and

t hus do not prevent spindle bearing damage from occurring during the
30-inch drop required by the PCMClI A specification.

SUMMARY OF THE | NVERhgs&Rpd other objects ar¢ aghieverhby e gregenginveniign-nr esent i nvent i on
to provide an enhanced DASD for shock protection. It is another
obj ect of the present pnvention t rovi de a DAS t protects the data
zone and actuator al%d #’Pb‘?ﬂbagff?ﬁﬁé’ \}\’ﬁe"ﬁcsg‘ﬁlﬂ'f"éﬁ‘f°é'da P@gg C(?E’Préﬁf ¥ forces
over 1,200 g, atdrdghdiskvadtatly ﬁxbmdlabbnﬂravakis @éd Raving/fiBst and second oppdstte is a

further object of t he resent eon QﬂhtPHP? v i de argéséDt at. LQf ects

spi ndl e beari nd¥ 1 M%a3 r?%"geeon en SU R0 PEPSET 319 ASTREE over

1,200 g, acti ngooipaoutsid¢ ihadate @ener avaztctuafor €or snaving a transducer head relative to the
data storage disk; a housing enclosing the data storage disk and the actuator, the
housing including a base and a cover; a plurality of motion limitérs projecting from at
least one of the base and cover, each motion limiter having a first face disposed in
close proximity to and confronting the first surface of the data storage disk adjacent
the peripheral portion aﬁd having a second face disposed in close pro:iciriﬁij to and
confronting the second surface of the data storage disk adjacent the pen'phcml portion;
the first and second faces of one of the motion limiters being disposed on a first side

“of the actuator, and the first and second faces of another of the motion limiters being
disposed on a second side of the actuator opposite the first side; and the first and
second faces of the motion limiters b;cing disposed relative to the data storage disk so
that when the DASD is subjected to an acceleration the data storage disk contacts at
least one of the first and second faces of the motion limiters only at the peripheral -
portion, outside the data zone. Preferably, one of .the motion limiters is a ramp
engagable by the actuator to load and unload the transducer onto and'from‘ the data
storage disk, and another of the motion limiters includes a base boss projecting from

_the base and a cover boss projecting from the cover, wherein the base and cover
bosses respectively include the first and second faces. Also preferably, each of the
motion limiters comprises a material forming the first and second faces which is softer
than the first and second surfaces of the data storage disk. Moré preferably, the

material is a polymer having a hardness of at least 60 durometers.
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4 It is -a still further object of the present invention to
provi de a DASD t hat protects a data zone, actuator arm and spindle
beari ngs from danage when subjected . 'to acceleration forcesy w thout
requiring the actuator to be in a | ocked position. . These
and ot her objects are achieved by the present invention. _ In
a first enbodi nent of the present invention, a DASD conprises a data
storage di sk rotatably nounted about an axis and having first and second

opposite surfaces, a data zone on at least one of the first and
second surfaces, ‘and a peri pheral portion outside the data zone; an
actuator for noving a transducer headsrelative to the data storage

di sk; a housing enclosing the data storage di sk and the actuator, the

housi ng i ncl udi ng @nbae'é&xd%amgx%ﬂhe ?esa-lx Wv@:{ti'oﬁya Df\sm&mﬁ&eéaaatd ers
proj ecting from at . l'east one of th ver,. each notion

ase
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t he peri pher alinguditg Dbese, a cover and Fpaif ofsisie nalsdlsmsed)nldna‘ mﬂlsl %ﬁes oh#®eof the
motion limter ]| | SDO: R indilgnaCd et or, and
the first and @‘el%g‘h%g "g%rgcg' g‘?qap% Eé‘m § t%’%g&er% ﬂ|mosﬁdc r|aj[m ‘?er ) °be|ung

di sposed on a igecuvich the preiphsial ppriomef thudas steppgrotiskt is racpiweds p ruptionsliggiger and t he -
first and in each@aRBLIRACESR Als éa@ﬁmm?(;n' lﬂﬁ'itelr hmlﬂged’ firsDakd Wspaica Rpsed
relative to the data storage di sk s when the DASD i s subj ect ed
to an accel er 9se Aoty de ead @P@‘?“é‘g&‘hﬁ 5k S‘EB‘FR %fc‘f'% dag storage disk 3dpgent e of

the first and epQiprerilzofivn ald fbRg a@&doﬁmfahe dﬁkﬁo@cfdﬁn emheyprai;mtthe) far i pher al
portion, outside_ the c;%ta zone, Prefera limters is a

ranp erf§agNsret ?ecf’%s“gé‘feﬁl’ Jai‘é‘%%g‘sgﬁ%aﬁm g%lﬁmtpt\eéﬁtpf’ TWeducer
onto and fr omadnA@hedirttand second fact eragemdn@:khmnanelensgmtﬂmm refativehe thept | on
limters inclugde bgsSs praq nd a cover
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thc first face of each motion limiter and the first surface of the data storage disk and a
clearance between the second face of each motion limiter and the second surface of
the data storage disk are less than 0.33 mm. .
In a third embodiment of the present invention, several motion limiters project
from at least one of the base cover, wherein the first and second faces of each of the
motion limiters are substantially ec-lually spaced from the first and second faces of each  _ |

adjacent one of the motion limiters.

In a fourth embodiment of the present invention, a DASD comprises a data
storage disk rotatably mounted about an axis and having first and second opposite
surfaces, a data zone on at_least one of the first and second surfaces, and a peripheral
portion outside the data zone; a housing enclosing the data storage disk, the housing
including a base and a cover; a motion limiter projecting from at least one of the base

and cover, the motion limiter having a first face disposed in close proximity to and



than the first and second surfaces of the data storage disk. Mre
preferably, the material is a polyner having a hardness of at |east
60 duroneters. s, = .5

In a second enbodi nent of the present i nvention, a DASD conprises a data
storage di sk rotatably nounted about an axis and having first and second
opposite surfaces, a data zone on at |east one of the first and second
surfaces and a peripheral portion outside the data zone; a housing

encl osing the data storage di sk, the housing including a base, a cover and
a pair of side rails disposed along parallel sides of the housing for
insertion into a pair of guide slotsg each of the side rails including a
cutout .into-which the peripheral portion of the data storage disk is
recei.ved; a ”Dtcb%nllﬂml% fist guﬁac@%@b\eg% gfét'avgtixsk Q@ja&htd(ﬁe piphetal AR MOt i on
limter haV|ng a first face I'sposed in ci “ose proximty to and confrontlng
the first surfaebhyymepisecophiage disrosedde clapesirommy sxtd coREnpRs PP porti on

and having a seg&Réof He fadhSRRRN aujacea{ﬁaeawh@w pordigh; the fridndeBdnaont i ng t he
second surface _of the data storage dIS % %Snt the erlﬁheral Ertlon

and the first &8 YeRGHAPIDEE & @&%ﬁ GIFEFTHATORT 2 PR 5’°a?e‘fo‘p

relative to thdamdabagsdisk: agte ﬁktﬂﬂs&d&&d famerbf thdweotﬁbﬁSiamesbsngaqxaaoseéd tao an
acceleration th rage 0 st and
second faces ofeaet%'%%oathe{h% "‘Tm es?%ioag ‘?'cﬁf‘lee%%bﬁ a(ﬂm }crb%r%dr?ﬁ out si de
t he data zone. tierdefasstosdgt fisk eonckiear !aatscenelm‘ttheemt andesedond &FeSfOéG*@ nodtiopach
notion limter | . torage disk and a

cl earance bet @%ﬁ%ﬁ?géﬂgﬁ#hﬁ%{é g‘g%{!?ﬁte)giﬁ%%o |m ter and the second
surface of the data storage disk are | ess than 0.33 mm In athird

enbodi ment of the present igRENDESERIPFRNEOH THEDRAWINGE t ers proj ect

. The present invention together with the above and other objects and advantages
can b.est be understood from the following detailed description of the embodiments of
the imvention illustrated in the drawings, wherein like reference numerals denote like
elements and wherein: )

FIG. 1 is a top view of a PCMCIA DASD with its cover removed;
FIG. 2 is an enlarged top view illustrating an actuator portion of the PCMCIA
DASD shown in FIG. 1;
FIG. 3.is a side view illustrating a rhotion limiter that includes a base boss and
a cover boss;
FIG. 4 is a side view illustrating a motion limiter incorporated in a load/unload
ramp; : | .
FIG. 5 is a side view illustrating a modified motion limiter incorporated in a
 load/unload ramp;
) FIG. 6 is a side view illustrating a motion limiter incorporated in a side rail of
. the PCMCIA DASD shown in FIG. 1;
' FIG. 7 is a top view illustrating a continuous motion limiter and several

discrete motion limiters arranged around a substantial portion of a data storage disk

periphery.



from at” | east one of the base cover, wherein the first and second faces of
each of the notion [imters are substantially equally spaced fromthe first
and second faces of each adjacent one of the notion limters.. . - . In a
fourth enbodi ment of the present invention, a DASD conprises a data storage
di sk rotatably nmounted about an axis and having first and second opposite
surfaces, a data zone on at |east one of the first and second surfaces, and
a peripheral portion outside the data zone; a housing encl osing the data
storage di sk, the housing including a base and a cover, a notion limter
projecting fromat |east one of the base and cover, the notion limter
having a first face disposed in close prgximty to and

6 confronting the first surface of the data storage disk adjacent t he

peri pheral portion and DESCREPTEON OFOTHE PREFERKEDDERIBODIMEDNT®Se proximty to
and confronting the second surface.of the data storage disk adjacent the
peri pheral portion; the first and second faces of the notion limter
extending at | east Rderdagyintially @tﬁmtl a ROMCIAND 832110 és illfisuated withfiw coveor age

di sk; and the f !E§ a I, di sposed
relative to theé %% gggﬁggggg“ﬂ Q@ 11mﬁpgg&%qzﬂiggﬁgl%ngﬁg?ected to an
accel eration tsteragel é‘ts‘aléb)om&g@“mabwmcam& (ot shawmy andgnd 16fto roee datr st and

second faces OflBeqidPi4 frhighl Paeche baa&to\faoetdlsk he lp@ratlm&ﬁ% iRQ at hgd, outside
t he data zone. EF DESCRI PTI E DRAW NGS
disk". A wransducer head 18 for recordmg data to and/or reproducing data from data

storage disk 14 is mounted on a distal end of 2 load beém 20. The other end of load
beam 20 1s attached to an actuator arm 22, which is driven via an actuator motor 24 of
an actuator 26. Although not shown in FIG. 1, an identical assembly, i.e., transducer
head 18, load beam 20 and actuator arm 22, is driven by actuator motor 24 on the
opposite surface of data storage disk 14. The actuator motor 24 includes a pole piece
28 and a similar pole piece (not shown) disposed over oﬁposite sides of a coil 30
antached to actuator arm 22, and in cooperation with a magnet 32, function to drive
actuator 26 about bearing 34 and pivot axis 36. Consequently, actuator 26 moves
transducer head 18 relative to data storage disk 14 so that transducer head 18 moves in

an arc, which extends substantially along a radius of data storage disk 14.

The data storage disk 14 has a surface 38 and an opposite surface 39 (shown in
FIG. 3). Data is recorded to and reproduced from a data zone 40 on each of surfaces
38 and 39: Surfaces 38 and 39 also include a peripheral portion 42, outside data zone

40, that does not contain data. -

A load/unload ramp 44 is mounted to base 12 and a load/unload tang 46 is
. mounted on load beam 20. The ramp 44 is disposed so as to be engagable by tang 46
to load and unload transducer head 18 onto and from data storage disk 14 by the
driving action of actuator motor 24.
In a first embodiment of the present invention, a motion limiter is provided on

each side of actuator 26. Preferably, a first motion limiter is incorporated in .



The present invention together with the above and ot her objects and
advant ages can best be understood fromthe foll ow ng detail ed description
of the enbodinents of the invention illustrated in the draw ngs, wherein

i ke reference nunerals denote |ike el enents and wherein: FIG | is
a top view of a PCMCIA DASD with its cover renoved, FIG 2 is an
enlarged top view illustrating an actuator portion of the PCMCI A DASD shown
in FIG 1; FIG 3 is a side viewillustrating a notion |imter that
i ncl udes a base boss and a cover boss; FIG 4 is a side view
illustrating a notion limter incorporated in a | oad/unload ranp;

FIG 5 is aside viewillustrating a msdified notion limter incorporated
in a | oad/ unl oad ranp; FIG 6 is a side viewillustrating a notion

limiter incorponedadioadiramp 34 de alfitst kido bf dchawcPCsiahd\a BABE shdwniinirr Bl G 1,
i scr et e mot i on P 2 2 YEbiEinsede SrERR e R oy DT 707 2%ata
storage di sk periphery. 5,
7 DESH& gutgr\lilgs:myaﬁn EﬁE.'i,EBl%EPisEJ}{'%QQ}MME%W of an actuator
portion of PCMCIA DASD 10. A cente_f line of load beam 20 is shown in a position
A, which is an intermediate position. 'f’hc center line of load beam 20 travels between
a position B and a position D by the driving action of actuator motor 24. 'When the
center line of load beam 20 is in position B, transducer head 18 is positioned over an
inner-most portion of data zone 38, and an edge of actuator arm 22 and load beam 20
is in .a position C. A motion limiter 48 is disposed outside position C, so as not to
restrict the motion 6f actuator arm 22. When the center line of load beam 20 is
located in position D, load)unload tang 46 is engaged in a detent 50 of load/unload
ramp 44, and. transducer head l:8 rests upon a slider protection blade 52 of load/unload
ramp 44. Also, when the center line of load beam 20 is in position D, an edge of
actuator arm 22 and load beam 20 is in a.position E.
i

Referring to.FIG. 3, motion limiter 48 is shown in greater detail in side view.
Motion limiter 48 includes a base boss 54 projecting from base 12, and a cover boss
56 projecting from a cover 58. Cover 58 tegether with base 12 form a housing of
PCMCIA DASD 10. Base boss 54 has a face 55 disposed in close pro>.<imity to and
confronting surface 39 of data storage disk 14 adjacent peripheral portion 42.
Likewise, cover boss 56 has a face 57 disposed in close proximity to and confronting . _
surface 38 of data storage disk 14 adjacent peripheral portion 42. When DASD 10 is
subjected to an acceleration, data storage disk 14 contacts at least one of faces 55 and

57 only at the peripheral portion 42, outside data zone 40.

Alternatively, bosﬁgs 54 and 56 may commonly project from base 12 or cover

' 58, rather than from both base 12 and cover 58.



Referri'ng initially to FIG 1, a PCMCIA DASD 10 is illustrated with its
cover renoved. A spin notor (not shown), nounted on a base 12, is connected
to a data storage disk 14 by conventional spindle bearings (mat shown) and
hub 16 to rotate data storage disk 14 at high speed. Data storage disk 14
isrelatively rigid, i.e., a "hard disk". A transducer head 18 for

recordi ng data to and/or reproducing data fromdata storage disk 14 is
nmounted on a distal end of a | oad beam 20. The other end of | oad beam 20 is
attached to an actuator arm 22, which is driven via an actuator notor 24 of
an actuator 26. Although not shown in FIG 1, an identical assenbly, i.e.,
transducer head 18, |oad beam 20 and acduator arm 22, is driven by actuator
notor 24 on the opposite surface of data storage disk 14. The actuator

nmot or 24 incl udes aRgloiriag ppweeeriSg4.ancnlarged miclvaf Igadfualopd rme 4¢ ipthowiminn)

di sposed over OQRRQS. el;oi%xg?adqgmﬁfg Qlic{)rpcﬁ'gteés Bagﬁ&eﬁmifzéi’ £6Hnbd BY BkesHOThe 2, and

in cooperation wth-a nmag! 32, function to drive actuator 26 about
beari ng 34 and $ Fate ¥ dispracd imsiestpfosimity yo andoufargre susfasroifed deRansducer
head 18 rel ati Vgorige dﬁﬁht’ﬁa@&&ﬁ%ﬁpf{éﬁ?*ﬁ%@ Likadised FRO 88 URpoREAf1ds8 NDVes
in an arc, which extends substantial g along a radius of- data_ storage di sk
14. THEOREPOSNY F‘H’é’@“‘ﬂ‘ﬁék‘faf& $19kdar werpge itk Headigpgpt B5iiPBposi t e
surface 39 (shgwmiohd2.FiWhen DASDOBLIAsbfecE® &0 EkIdrtion ) whid epigedikkad from a
data zone 40 on_each Zf surfgfes 6§8 (gg?g%rﬁg ‘gurfagesl 38. agrg 39. Idso i ncl ude
a peripheral pdPPPEHAZS BELSEEHE U 4P 240 PYRAT FEBE" 161 B8 °APn data. -
A | oad/ unl oad rzamp4044 is nounted to base 12 and a | oad/unload tang 46 is
nount ed on | oad beam 20. The ranp 44 is disposed so as to be engagabl e by
tang 46 to |l oad and unl oad transducer head 18 onto and from data storage

di sk 14 by the dri visnghowatin BY6. 4f faces 60 andoé2 mey tsspepuvely confront chamfers q f i r st
enbodi ment of tehgeRiESERes BONRNE B'data HolBE bRK 141 Rldflivkiy, R'sAAREIQN each

side of actuator 26. Preferably, a first notion |imter 1s incorporated in
3, faces 60 and 62 may respectively confront surfaces 39 and 38 of data siorage disk

14 without chamfers. Accordingly, as shown in FIG. 5, faces 60 ard 62 of ramp 44
are made parallel to surfaces 39 and 38 of data storage disk 14. As data storage disk
14 deflects upon acceleration, it begins to have some slope, so only peripheral portion

42, which is not used for data storage, will contact faces 60 and 62 of ramp 44.

i

Although ramp 44 is shown mounted to base 12, ramp 44 may instead be
mounted to the cover 58. Alternatively, load/unload ramp 44 may be divided into two
parts, a first part that includes face 60 may be attached to base 12 and a second part

that includes face 62 may be attached to.cover 58.

As an alternative to incorporating a motion limiter in load/unload ramp 44, a
motion limiter identical to motion limiter 48 may be disposed adjacent load/unload
ramp 44 outside position E, so as not to restrict the motion of load beam 20.

The motion limiter incorporated in ramp 44 and motion limiter 48 prevent data
storage disk 14 from hitting actuator arm 22 because the clearance between surfaces

38 and 39 of data storage disk 14 and faces 55, 57, 60 and 62 of the motion limiters is



8 'l oad! unl oad ranp 44 on a first side of actuator 26, and a second notion
limter is provided on a second opposite side of actuator 26 opposite the
first side. This is better illustrated in FIG 2, which iss.an

enl arged top view of an actuator portion of PCMCI A DASD 10. A center line
of load beam 20 is shown in a position A, which is an internediate
position. The center line of |oad beam 20 travels between a position B and
a position D by the driving action of actuator notor 24. \Wen the center
line of |load beam 20 is in position B, transducer head 18 is positioned
over an inner-nost portion of data zone 38, and an edge of actuator arm 22
and | oad beam 20 is in a position C. A%hotion linmter 48 is di sposed

out side position C, so as not to restrict the notion of actuator arm 22.
Wien the cent efess ihﬁethatlmdbmm@ﬁm@&@éd@@ﬁd#m5‘19@*3?fhis‘bh“ Bd cagferd/ unl oad
tang 46 is enga@R Gedn2(Pand Gl an 29f By%ﬂ!nm%adsgaam“% mé&iAl iidignsducer

head 18 rests u on a slider protection blad | oad/ unl oad ranp 44.

Al 'so, when t he*Rattis mpiondimiEr intoarprasedkifnrarop 4 o Jistpysice srirars! chacteiie of
actuator arm 226aﬁuinb@ﬁdngwmp2&cch§n ishrovide@si tion E. Referring to.
FIG. 3, motion limter 48 is shown in greater detail in side view Mtion
limter 48 includes a base boss 54 projecting frombase 12, and a cover
boss 56 proj ecti ng Prefeibly faes/60rand §2 0fﬂ\t$l’4458c m&gsectfh&rsavdetrﬂmxdﬁalsas rddp f orm a
housi ng of P ADASD 10,  Base bos pesed in close
proximty toug% A&R 1"5'1 9 ancx chgée lsd'ﬁa St nglﬁémg k™4 adj acent
peri pher al portmmseABlsolprelimhiys@,cc &@vfélrasdomssSS&lmgeﬁ!¢faveer56'ssciﬁsposed in

cl ose proxim t cont f di sk 14
adj acent perip er a‘ffqugptl on'r“%g} %e%wﬁﬂ%g%f%ﬁgghgﬂg&ggf% th%an
accel eration, @aemees. obElyeord prsferably, the maggsirkoffaces 535t/ ehandd® afpghesns55 and 57

only at the peg &Q%rﬁhalﬁ@'iﬂe'd&g s@&ge@i@ﬁﬂ de., d5Hep AR MR fifferial of surfaces 38
Al ternatively, bosses 54 and prog ect frombase 12 or cover

58, rat her tha?rdf%f’d’ﬁmdﬁeffﬁaﬁfa@sé o ’%{ﬂuthe‘eﬁbefﬁws 7, 60 and 62 are intended to

hit data storage disk 14 outside data zone 40, it is still desired to do the least amount

of damage to data storage disk 14. 'Debris formation is avonded by using a polymer

material to form ramp 44 and bosses 54 and 56.

Referring back fo FIG. 1, a second embodiment of the present invention
incorporates motion limiters in each side rail 64 of PCMCIA DASD 10. The data
storage disk 14 is recci:ved in a cutout 66 in each side rail 64. The motion limiters in
side rails 64 may be used alone, or in combination with the motion limiters described

in other embodiments of the present invention.

FIG. 6 shows a side view of a motion limiter incorporated in side rail 64.
Cutout 66 includes faces 68 and 70 that respectively project from base 12 and cover
58. Faces 68 and 70 are respectively parallel to surfaces 39 and 38 of data storage
disk 14. Base 68 is disposed in close proximity to and confronting surface 39 of data
storage disk 14 adjacent peripheral portion 42. Likewise, base 70 is disposed in close
proximity to and confronting surface 38 of data storage disk 14 adjacent peripheral

portion 42. When PCMCIA DASD 10 is subjected to an acceleration, the data storage



9 ' * Referring nowto FIG 4, an enlarged view of |oad/unload ranp 44

I's shown in side view Load/unload ranp 44 incorporates a notion limter

formed by faces 60 and 62. Face 60 is disposed in close proximty-to and

confronting surface 39 of data storage disk 14 adjacent peripheral portion

42. Likew se, face 62 is disposed in close proximty to and_confronting

surface 38 of data storage disk 14 adjacent peripheral portion 42. Wen

DASD 10 is subjected to an accel eration, data storage disk 14 contacts at

| east one of faces 60 and 62 only at the peripheral portion 42, outside

data zone 40._ ' As shown in FIG_4, faces 60 and 62 may respectively

confront chanfers formed in surfaces 39%and 38 of data st orage di sk 14.

Al ternatively, as shown in FIG 5, faces 60 and 62 may respectivel

confr.ont surf acgisk Boconwets deasf ongdf facet @ and d0dnkylat periphprelnomion dRafsides .

Accordi ngly, asgshawapn FIG 5, faces 60 and 62 of ranp 44 are nade

paral l el to surfaces 39 and 38 of data storage disk 14. As data storage

di sk 14 defl ects upon acceleration, it begins to have sone slope, so oaly

Peri phgg al go:5 t2 ion %l&?ﬁi&hb&tﬁcdﬁ%cc%&i?%ﬁfacdﬁs af@ataosrﬁ@,dimmlmgmet actd
aces an ra : S t hough ra .S 0 mounted to

base 12, ranp 4&%@'{7‘ F‘;E?fag%" B HeiGelelramecs i ’059%%"3%"." fﬁ?g?'}%\t ivel y,

| oad/ unl oad r anywrféet 390 dine steliaye distd14. IMids leddance is somewhat less than the expected

deflection of data storage disk 14 when subjected to acceleration.

Experirricnts and analysis by the inventors indicate that a 1.8-inch disk can
undergo more than 0.7 mm deflection in a typical tumbling near-flat drop. This
deflection is a substantial amount in a PCMCIA DASD where height allocation is very
tight. Disk thicknesses are expected to decrease to provide some relief to the height
concems, however, thinner disks would undergo deflections that are larger than a
similar disk having a thickness of 25 mil. For example, a disk having a thickness of
15 mil would undergo deflections that are nearly three times as large as a similar disk
having a thickness of 25 mil. Thus, this problem becomes much more severe as disk

thickness decreases. ’ ,

Using the motion limiters incorpora:zed in side rails 64 in combination with the
motion limiters described in the first embodiment, not only protects data zone 40 of
data storage disk 14 from impacting each of load beam 20 and actator arm 22, but
also helps protect the spindle bearings from mechanical shock damage. The latter -
effect occurs because the motion limiters are disposed about a substantial portion of
the circumference of data storage disk 14. However, even with the motion limiters of
the first and second embodiments, in combination, it is preferabie 10 provide additional
' disk motion restraint because one of the lowest frequency modes of data storage disk

14 may produce substantigl disk motion in the unrestrained area between side rails 64.



parts, a first part that includes face 60 may be attached to base 12 and a
second part that includes face 62 nmay be attached to cover 58. : As
an alternative to incorporating a notion limter in |oad/unload ranp 44, a
nmotion limter identical to notion limter 48 may be di sposed adjacent

| oad/ unl oad ranp 44 outside position E, so as not to restrict the notion of
| oad beam 20. The nmotion limiter incorporated in ranp 44 and
notion limter 48 prevent data storage disk 14 fromhitting actuator arm 22
because the cl earance between surfaces 38 and 39 of data storage disk 14
and faces 55, 57, 60 and 62 of the notion limters is

10 | ess than the cl earance between gyrfaces 38 and 39 of data storage

di sk 14 and‘each of |oad beam 20 and actuator arm 22. By minimzing the
span bet ween notion [Therioivest nadBl mde:khﬁxoda)bﬂ'dm sltdra*g'ctdek lnlix:a)mpar\ﬁthead in ranp
44 to just outsigde A travel uat q -
protection is prs(')n ogal diameter, lc’adaaﬁ J"é' lQBI Od*gg‘gglg@énwcrp %2 ¥ﬁram 44
are nade of the wdergoesmt ewtial. Qff thisomdal Memmmdq tigby/ likoplbird.mt it r a «

nmol ded detail syl gg,;g‘ I [ ref erably,
face 54 of base ‘I) '%e‘gh“ %Pgogeepg'y&qgk%%nveﬂrfagg%g fmg%?gﬁ%%eégmpé@pol ymer
material, nore phereadismetsiaih byjalengralingieushlygferpgndiculas &g thg dine connecting

the force and the center of data storage disk 14. It is possible to excite data storage

ﬁh'_'

disk 14 in a mode which has a nodal line in any orientation. Therefore, to more fully
protect data storage disk 14 and limit the energy transferred to the spindie bearings, it
* is desirable to limit the motion of data storage disk 14 at many points around the

periphery of data storage disk 14.

Referring back to FIG. 1, in the third embodiment, a motion limiter 72 is .
incorporated between side rails 64 diametrically opposite from actuator 26, in addition
to the motion limiters of the first and second embodiments. Motion limiter 72 is ,
identical to motion limiter 48 of the first embodiment. Plural motion limiters 72 may

be incorporated as desired.

In FIG. 7, a fourth embodiment of the present invention is illustrated. Several
motion limiters 74, e.g., at least three, are disposed around the :pcdphcr)f of data
storage disk 14 are outside the range of motion of actuator 26. Preferably, there are at
least six motion limiters 74 at equally spaced points around the periphery of data
storage disk 14. Motion limiters 74 are identical to motion limiter 48 of the first
embodiment. Also, a motion limiter is preferably incorporated in load/unload ramp

44, as in the first embodiment.

Alternatively, a continuous motion limiter 76 may be provided around a
substantial portion of the periphery of data storage disk 14 to still further limit the
motion of data storage disk 14, as shown in FIG. 7. The continuous motion limiter 76
has two faces (only one shown) that are elongated versions of the faces 55 and 57 of

motion limiter 48 of the first embodiment. Preferably, the faces of continuous motion



duroneteérs. Still nore preferably, the material of faces 55, 57, 60 and 62
are chosen to be sacrificial to the data storage disk 14, i.e., softer than
the material of surfaces 38 and 39 of. data storage disk 14. Even thaugh
faces 55, 57, 60 and 62 are intended to hit data storage disk 14 outside

data zone 40, it is still desired to do the |east anount of damage to data
storage disk 14. Debris formation is avoided by using a polyner material to
formranp 44 and bosses 54 and 56. Referring back to FIG 1, a

second enbodi nent of the present invention incorporates notion limters in
each side rail 64 -of PCMCI A DASD 10. The data storage disk 14 is received
in a cutout 66 in each side rail 64. e notion limters in side rails 64
may be used alone, or in conbination wth the notion limters described in
ot her. enbodi nentifnief 76 éeen BEISRNL0 de@@Nbdd0Rore preferably about FH0@egrGessibows a si de
view of a notion_limter cor side rai cl udes
faces 68 and 70 t{‘%aﬁ’p?c@%?{]é{é %Igf/g%lf g‘} e@[ ?P“%O%Satg‘émfé'mé[ﬁ%j%é%%og% *5%. Faces
68 and 70 are raﬂ@dbncﬁeb@tpr@amwd dieflovt ansolrshandisg, Iehichndtc@Seospindle pewst or gge
di sk 14. Base 68 ﬁé'gé Eposed in close proximty to and confronting surface

39.of data stora 14 adjacent peripheral portion 42. Likew se, base
70 is disposed in close proximty to and confronting surface 38 of data

storage disk 14 adj agenf pPREJRIES d: o@r@nr&tbcﬁﬂcaﬁgns M @RenBS VRl e PAD6L0 |

subj ected to an acceleration, the data sto gb
further enhance the shock capacity of PCMCIA ASD 10. For example, the

continuous motion limiter 76 may be used in lieu of motion limiters 48, 72 or 74.
Also, the hybrid continuous/discrete motion limiter may be used, i.e., wherein one of
the cover and base has a continuous face, and the other of the cover and base has

discrete faces.

It will be apparent to one of skill in the art that other minor modifications may
be made to the subject invention without departing from the scope of the invention as

defined by the appended claims.



di‘sk 14 contacts at Ipaﬁt one of faces 68 and 70 only at peripheral portion
42, outside data zon | earance F between face 70 and
surface 38 of ml I’ | w Mn 14 may be 0.33 mm for exanpke. An -

i dentical clea bet ween face 68 and surface 39 of data
storage disk 14. This cI earance i s somewhat |ess than the expected

defl ection of data storage di sk 14 when subjected to accel erati on.

Experi ment's -and anal ysi s by the inventors indicate that a 1.8-inch disk can
undergo nore than 0.7 mmdeflection in a typical tunbling near-flat drop.
This deflection is a substantl al amount!¥$ n a PCMCI A DASD where hei ght
allocation is ved'% %ght Di sk thicknesses are expected to decrease to
provi de sone rel5ef fo the hei ght concerns, however, thinner disks would
undergo deflections that are |arger than a simlar di sk havi ng a thickness
of 25 mil. For éxanp‘f‘é“""“éa‘ffFSaslémﬁaW?i’g“ CoMrigREiess of 15 mil woul d under go
defl ecti ons that areamtbrygetdmke&aﬁblmuﬂ% hta:nga:agaadshamg farst i sdeodtvi ng a
t hi ckness of 25. S, this problem beco di sk

t hi ckness decr eé’§% fte su ace-g‘a‘g“lfg\t‘)% P EE Lo HHF ggggoﬁ%%g%g%reaé‘?gd in
side rails 64 i rpcﬂpj:aﬂal ptaﬁdnmmsmi:tshdﬂ#wzml on i m ters described in the
first embodiment, noj, ok RfAbARES «dRhR7 A8 Afivelo 4B AushiRumidl sk 14
from i npacting each Of1oad eam‘2 actuator arm 22, but also hel ps
protect the spindle bbtarﬁmlgqusmam@ré%ﬁﬁﬁazﬁﬂlsbﬁ@élﬁ‘dda‘ﬁﬁ@‘esa‘dl'?fé'“f‘%t ter
effect occurs begalisg alti& MMk i Mters are disposed about' a substanti al
portion of the circunference of data storage disk_ 14. ¥\B even wth
the motion |imters PURHR of moun LpiersRpisrins SieBuAilsahng © aﬁietéaé fBnat i on,
is preferabl e t Qo @déntBotivd tidicerOManing difiedt fAvR ldisPobed RSdidsaiprixinigaausk one of

the | t f d f t t di tial
'Sk ot 1 on | n CRURHITEEE TP e o G S adp el JERGa sk ant 2

and having a second face disposed in close proximity to and confronting said second

it

surface of said data storage disk adJacent said peripheral portion;
said first and second faces of one of said motion limiters being disposed on 2
first side of said actuator, and said first and second faces of another of said motion
limiters being disposed on a second side of said actuator opposite said first side; and
said first and second fac-;és of said motion limiters being disposed relative to
said data storage disk so that when said direct access storage device is subjected to an
acceleration said data storage disk contacts at least one of said first and second faces

of said motion limiters only at said peripheral portion, outside said data zone.

2, The direct access storage device as recited in claim 1, wherein:
said one of said motion limiters is a ramp engagable by said actuator to load -

and unload the transducer head onto and from said data storage disk.

3. . The direct access storage device as recited in claim 2, wherein:
said another of said motion limiters includes a base boss projecting from said
base and a cover boss projecting from said cover, said base and cover bosses

respectively include Said first and second faces of said another of said motion limiters.
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12° The | owest natural frequency node of data storage disk 14 is a
node with a singl e—neela!——d+—aﬁ°et—ef——T‘ei a dianmetrical line through and

i ncl udi ng hub 16, motion. Of this nodal djaneter, the
di sk "flaps" like a h! ES‘pﬂﬂﬂ! !“he wing up while the other wing is
down. If a shock fo DASD 10, the nodal dianmeter will be

al ong a l'i ne roughly perpend| cular to the line connecting the force and the
center of data storage disk 14. It is possible to excite data storage disk
14 in a node which has a nodal line in any orientation. Therefore, to nore
fully protect data storage disk 14 and |imt the energy transferred to the
spindle bearings, it is desirable to lipmst the notion of data storage disk
14 at many points around the periphery of data storage disk 14.

Referring back ta. Fl Gryclurdidcd-Aod i hal&@%fqemtdaua TRhLQR: limter. 72 is

i ncor por at ed bet ween side ral di'amet ri ca X Eoosme from actuator 26,
in addition to the nowidome of spid metipn dimitels dnclydessa base foss peoinsHnsfier gidbse s .

Motion liniter 72nd &civdEmist pdjectin® ﬁ%mgararbobermam%séﬁd%v& BSssési espbctively ¢

embodi nrent. Plural nmotion limters 72 be i ncor por ated as desired.

In FIG 7, a fourfhdesaidamshingisecond fapes %P%%@?ﬁ“lsﬁ%?ﬂ“%ﬁmf‘%’sl | | ustrat ed.
Sever al m)tl on Ilmters 74, e.g., at least three, are disposed around the
peri phery of dat 9 disk 14 ar out si de the ra ge, of. notion of
actuator 26. Pre e "t"ﬁé?céssafpé 85 flevige A8 reclpd in s wf‘?r?ﬁ“t ers 74 at
equal |y spaced point Ssaﬂrdaun&rdgbexsparrelpﬁ\erngiﬁ. data stor age disk 14. Motion
limters 74 are identical to notion limter 48 of the first enbodi nent.
Also, a notion limter is preferably incorporated in |oad/unload ranp 44,
as in the first @émbodVihesifrect access storage dp\lideas megitéd/ig|claim 4, whestinnuous noti on

limter 76 may be prqyifgd.ar gr?’hﬂleter?y?ﬁﬁrﬁﬁgés'a%at&% I’dngﬂg Qfia AR aRedetiery of

data storage disk 14 to sti II urt he notion.of data storage disk
14, as shown in [Aces which iyjsefter thar paid Brssandrsedont syrfaggstof saidy data storage disk.

7. The direct access storage device as recited in claim 1, wherein:

said material is a polymer having a hardness of at least 60 durometers.

8. The direct access storage device as recited in claim 1, wherein:

said actuator includes an actuator arm on which the transducer head is
operatively attached, said actuator arm extending between said first surface of said
data storape disk and one of said base and said cover; and

a clearance between said first face of each of said motion limiters and said first
surface of said data storage disk is less than a clearance between said actuator arm and
said first surface of said data storage disk, thereby preventing said first surface of said ~ _ .
‘storage disk from contacting said actuator arm when said direct access storage device '

is subjected to said acceleration.

9. The direct access storage device as recited in claim 1, wherein:
* a clearance between said first face of each of said motion limiters and said first
surface of said data storage disk and a clearance between said second face of each of
 said motion Iimiters and said second surface of said data storage disk are each less

than a clearance between said base and said first surface of.said data storage disk and



has tmo'facés (only one shown) that are el ongated versions of the faces 55
and 57 of notion limter 48 of the first enbodi nent. Preferably, the faces

A S Zﬁélﬂﬂﬂlmﬂ lllllﬂllﬂﬂlllees and nore preferably about 270 "

degrees, about

the*peti phey &f data storage disk 14. The continuous notion

limter 76 also has the added benefit of providing air flow control
shroudi ng, which decreases spindl e power requirenents. It will be
recogni zed that other nodifications and changes nmay be made to further
enhance the shocK capacity of PCMCI A DASD 10. For exanple, the continuous

notion limter

76 may be used in lieygf motion limters 48, 72 or 74.

Al so, the hybrid continuous/discrete notion limter nmay be used, i.e.

wher ein one of

t he cover and base |

Egﬁarﬁrg:g %L %%9? gﬁ?sa?d SONLT DRy %f gz@acﬁta g&goetcb& ot her of

Aapparent to one

I SCr et

of skill in thethsiehy prayantieg sn@rdammeﬁofmlsmptsbﬁ@mmymﬁ@gﬁﬁeeaﬁcami he

subj ect inventi gy Wvk\Ohth sel@BAE hddts fsloRiBt Hfce 36 ABRcRd 1J AR dcbRiditionON ass
defined by the appended cl ai ns.

. 10. A direct access storage device, comprising:

a data storage disk rotatably mounted about an axis and having first and second

opposite surfaces, a data zone on at least one of said first and second surfaces, and a

" peripheral portion outside said data zone;

a housing enclosing said data storage disk, said housing including a base,-a
cover and a pair of side rails disposed along parallel sides of said housing for insertion
into a pair of guide slots, each of said side rails including a cutout into which said
peripheral portion of said data storage disk is received;

a first motion limiter in each said cutout of said side rails, each said first
motion limiter having a first face disposed in close proximity to and confronting said

first surface of said data storage disk adjacent said peripheral portion and having a

_second face disposed in close proximity to and confronting said second surface of said

data storage disk adjacent said peripheral portion; and _

said first and second faces of each said first motion limiter being disposed
relative to said data -storage disk so that when said direct access storage device is
subjected to an acceleration said data sforage disk contacts at least one éf said first
and second faces of each said first motion limiter only at said peripheral portion,

outside said data zone. . .

11.  The direct access storage device as recited in claim 10, further comprising:
- an actuator for moving a transducer head relative to said data storage disk;

a ramp projecting from at least one of said base and cover, said ramp being
engagable by said actuator to load and unload the transducer head onto and from said
data storage disk; - -

" a second motion limiter in said ramp, said second motion limiter having a first

face disposed in close proximity to and confronting said first surface of said data



14° CLAIMS: 1. A direct access storage device, conprising: a
data storage di sk rotatably nmounted about an axis and having first and
second opposite jmmﬁ ’II ﬂ ﬂ one on at | east one of said first and
second surfaces, m m’l ﬂ Iemll)orti on outside said data zone; an
actuator for noving a ‘“rans8ucgr head rel ative to said data_storage disk;

a housi ng encl osing said data storage disk and said actuator, said housing
i ncluding a base and a cover, a plurality of notion limters
projecting fromat |east one of said base and cover, each notion limter
having a first face disposed in close proximty to and.confronting said
first surface of said data storage -di sk adj acent sai d peripheral portion
and having a second face disposed in close proximty to and confronting

sai d .second sur kacee difk sijAcdudﬂdl acrﬁ;h@map@ﬂxodlasd(had;gacseeﬁndfmdxspﬁsm pher al
portion; econd faces of one of tl nl-imters
bei ng di sposed ongzapdr?’furmst °an °°"2rfm“"§|sﬁ‘d§°ct° "rfacc ?ansa'd d%mcfgof?ng fgand second
faces of anot heﬂdjéﬁntﬁlﬂd’cwmlabwrdqnmrtders bei ng di sposed on a second side of
sai d actuator OppOSIsglﬁ é&'agd iel:é»nﬁtfac%%%mdm monon lnﬁﬁér%ffséﬂ&}n Haﬂl second
faces of said motion [imters bein i'sposed relative to sald catﬁ st or age
di sk so that whéispesed tlafiyerta said a@tégrsges%sagbatdéw gaid flisecsyBesESPBEE t 0 an

accel eration sauglicad abpbed RMA ableRlaiGP HiPEhSsdthed B4Sdon@R®aQEasbiedef | st and
second faces of said motion limters only at said peripheral portlon :

out si de sai d dafdd Hisind secopd faces of ppid Eﬁc‘i"@c’f'mé’&é‘éﬁ@r %ftSS'FéQ‘BP gy RCRidas recited
in claiml1, whepeipheral portion, oufitie §2i@B8&a &dnesai d notion limters is a ranp
engagabl e by said actuator to |oad and unl oad the transducer head onto and

from said data storage disk.
12.  The direct access storage device as recited claim 11, further comprising:

a third motion limiter pro:iecting from at least one of said base and cover, said
third motion limiter having a first face disposed in close proximity to and c_onfror'lting '
said first surface of said data storage disk adjacent said peripheral portion and having
a second face disposed in close broximity to and confronting said second surface of
said data storage disk adjacent said peripheral portion;

said first and second faces of said third motion limiter béing disposed on a first
side of a diameter of said data storage disk between said first motion limiters, and said |
first and second faces of said second motion limiter disposed on a second side of said
diameter opposite said first side; and -~

said first and second faces of said third disk motion limiter bciné disposed
relative to said data storage disk so that when said direct access storage device is
subjected to an acceleration said data storage disk contacts at least one of said first
and second faces of said third motion limiter only at said peripheral pqﬁion, outside

said data zone.



3 The direct access storage device as recited in Ia|n12 wher ei n: :
said another of said notion limters incl udes”ulm B 'l ‘ﬂm” ecting from
sai d base and a cover boss projecting fromsa R se “and cover

bosses respectively include said first and second faces of said another of
said notion limters.
15 4. The direct access storage device as recited in cIa|n11 wher ei n:

said one of said notion limters includes a base boss projecting fromsaid
base and a cover boss projecting fromsaid cover, said base and cover
bosses respectively include said first_and second faces of said one of said
notion limters. 5. The direct at®ess storage device as recited in
claim1, wherein: said data storage disk is relatively rigid. 6.
The direct acceass sTierdige adess mags!cvieméstredtcﬂ in chimi ¥ vhergiver ei n:

each of said moti Onsa&cftm‘# Sfiotiond nR“nﬁlg gs& b e dAsakPbatk drafaSt and
second faces which 1Ts softer than sal second surfaces of said

data storage dicgter boss projectinglfivan shid €QEr, mws beqS@P‘&gféd BRYE Qo8BS BYECWEWt et i n
claim 1, whereijliude said first and second faces of said third motion limiter.

"14.  The direct access storage device as recited in claim 10, wherein:

a clearance between said first face of each said first motion limiter and said
first surface of said data storage disk and a clearance between said second face of each
said first motion limiter and said second surface of said data storage disk are each less

than (.33 millimeters.

15. A direct access storage device, comprising:

a data storage disk rotatably mounted about an axis and having first and second
opposite surfaces, a data zone on at least one of said first and second surfaces, and a
peripheral portion outside said data zone;

an actator for moving a transducer head relative 1o said data storage disk;

. a housing enclosing said data storage disk and said actuator, said housing
including a base and a cover;

at least three motion limiters projecting from at least one of said base and
cover, each of said motion limiters having a first face disposed in close proximity to
and confronting said first surface of said data storage disk adjacent said peripheral
portion and having a second face disposed in close proximity to and confronting said
second surface of said data storage disk adjacent said peripheral portion;

said first and second faces of one of said motion limiters being disposed on a
first side of said actvator, and said first and second faces of another of said motion
limiters being disposed on a second side of said actuator opposite said first side; and

said first and second faces of said motion limiters being disposed relative to
said data storage disk so that when said direct access storage device is subjected to an
acceleration said data storage disk contacts at least one of said first and second faces

of said motion limiters only at said peripheral portion, outside said data zone. : -



sdid material is a polyner having a hardness of at least—66—duroneters.

8. The direct access storage device as reC|t 1 wher ei n:

sai d actuator includes an actuator arm on @mg@ cer. head-is
operatively attached, said actuator arm ex n+said first
surface of said data storage di sk and one of sal d base and gsaid cover, and
a cl earance between said first face of each of said notion'linmters and
said first surface of said data storage disk is |less than a cl earance

bet ween said actuator armand said first surface of said data storage di sk,
t hereby preventing said first surface of said storage disk fromcontacting
said actuator armwhen said direct access storage device is subjected to
sai d accel erati on. 9. The direct access storage device as recited in
claim1l1, wherein: . a clearance b&2ween said first face of each of

sai d rmtlon limters_and said first surface of sai.d data storage di-sk and a
cl earance bet wed® saltf HEEGRTFST SRraee devieastedied Suflgmo MBH®M niters and said
second surface of saa:dead:asﬁ;aof&hﬁrxﬁgen din&&s@fojbce@&hai EaSoﬁeM@mabsheﬁd ance

bet ween sai d base .and sai g r ace. of g j storage di sk and

16 a cl earance BaCREEA"S “stﬁa'éo 5?%’85% iRk %esé ﬁﬁ‘m?" HE2 8T8 sai d data

st orage di sk, thebsabyallpreeuaﬂmmangifsmshndﬁtsamzlmn(bfacsalfdacsrtadjaenyeormka from
contacting said g/ %gm@rpﬂmﬁéﬂd cover when said direct access storage device
is subjected to *3ai d accel eration.

17.  The direct access storage device as recited in claim 15, wherein:
one of said motion limiters is a ramp engagable by said actuator to load and

unload the transducer head onto and from said data storage disk.

18. A direct access storage device, comprising:

a data storage disk rotatably mounted about an axis and having first and second
opposite surfaces, a data zone on at least one of said first and second surfaces, and a
peripheral portion outside said data zone; ' : ]

a housing enclosing said data storage disk, said housing including a base and a
cover; : '

a first motion limiter projecting from at least one of said base and cover, said
first motion limiter having a first face disposed in close proximity to and confronting
said first surface of said data storage disk adjacent said peripheral portion and having
‘a second face disposed in close proximity to and confronting said second surface of
said data storage disk adjacent said peripheral portion; ' -

said first and second faces of said first motion limiter extend at least 10
degrees about the periphery of said data storage disk; and

said first and second faces of said first motion limiter being disposed relative to
said data storage disk so that when said direct accéss storage device is subjected to an
acceleration said data storage disk contacts at least one of said first and second faces

of said first motion limiter only at said peripheral portion, outside said data zone.



10. : A direct access storage device, conprising: a data storage

di sk rotatably nounted about an axis andmmm"m’ﬂmﬁ second opposite
surfaces, a data zone on at |east ane oflE econd Surfaces,
and a peripheral portion outside said data zZond; ™ $ *a housing enclosing
sai d data storage disk, said housing including a base, a cover and a pair
of side rails disposed along parallel sides of said housing for insertion
into a pair of guide slots, each of said side rails including a cutout into
whi ch said peripheral portion of said data storage disk is received;

a first notion limter in each_said cuyipout of said-side rails, each said
first nmotion limter having a first face disposed in close proximty to and
confronting saigl i kidtichaC 6ol SAtd aflRfedh Qs 38 Huither B6hAcRE! 2l d
peripheral portion and having a second face di sposed in close proximty to
and’ conf ront i ng .saiafl 2aeAs her meyirsctEangruces deal glative Ors3id 3B skeragk disklj acent  sai d
peripheral portiong @flprojecting froffit Geat dné bf 2MHpa3€ &R EbvERSAPrath beiAEN sai d
first notion limter being disposed relative to said data s%zﬁgge,dlsk SO

that when sai de"éfﬂae'ﬁtbyé@‘&g%‘éa‘%t“bpé‘bé“dd@\lﬂaeéhei tansupsr fEae %l eration

sai d data st oragesiehhgeldiskont acts at | east one of said first and second faces

of each said first notion Limter.only at sgid ri pheral por.tiop, outside
sai d data zone. ff‘.’°°"‘9‘?ﬂté°nm“i“§5f“ e s@@ 5??8‘2 “}?g?/'l‘ g‘émeé'gl WETIBY in
cl ai m 10, furtfaerdigosgiin ebsegproximity to and pordiohtirgt said firgrsurfapeiofigpichdatd ansducer

head rel ati ve gtc? Seaéf-is‘%a _]%(Ecat s%dorc%ghecra(ii! §kibn ana l-gwin 9 seR f&%ﬁis éd 9 fr om at
| east one of sAT¢r base -and €0 er, salpdnrarrp el ﬁg engagabl e" by said
act uat or to- | oclebe preatimity| o antl ¢onfrortting saidi sroend dyefaet ofiseid daw@tofaze Ak ai d dat a

storage di Sk; giacent sai@pc?ffﬁﬁé?{l%%k-ia% limter in said ranp, said second
nmotion linmter having a first face disposed in_close proxinmty to and
confronting said fs#dfirssandiseronad fpessafiseid gecprgd motion limiter being disposed

relative to said data storage disk so that when said direct access storage device is
subjected to an acceleration said data storage disk contacts at least one of said first
and second faces of said second motion limiter only at said peripheral portion, outside

said data zone.

i
20.  The direct access storage device as recited in claim 19, wherein:
said first and second faces of said first motion limiter extend about 270 degrees

about the periphery of said data storage disk.

21. A direct access storage device substani:-ially as
hereinbefore described with reference to Figures 1 and 2,
and any one of Figures 3 to 7, of the accompanying drawings.



17 stor age di sk adjacent said peripheral portion and having a second face
di sposed in close proximty to and confronting said second surface of said
data storage disk adjacent said peripheral portion; and . said first
and second faces of said second notion limter of said ranp being di sposed
relative to said data storage disk so that when said direct access storage
device is subjected to an accel erati on sai2d data storage di'sk contacts at

| east one of said first and second faces of said second notion limter of
said ranp only at said peripheral portion, outside said data zone. 12.
The direct access storage device as recited claim 11, further conprising:
athird notion limter projecting fromat |east one of said base and cover,
said third noti orMOTIONLIMIVERS IN A DIRECToACCESSBRORAGE DEVMIEEFORI ity
to and confronting said first surface of said data storage di sk adjacent
sai d peripheral PRBEVENTING DISKiDATA ZONEWNDSRINDISE BEARING HAMAGE

proximty to and confronting said second surface of said data storage disk

adj acent sai d peripheral portion; said first and second faces qf
said third i M,giter bei ng di sposed on a first side of a dianeter of
sai d data st é rsk between said first notion limters, and said first

and second faces of said second notion limter disposed on a second side of
sai d di ankt er opposite said first side; and said first and second

ot o spor age ok AL pOBH A5l Bl (9850 (1) 3R0363 4 Aty e ' ¢
subj ect ed t OjifeR f%ﬂ/&f@édrﬁﬁu% ofiéd fin g)@s& g Qﬂ%&‘itoﬁe Ftﬂee@a%&( e

of said first and second faces of said th Imter only at sai
peripheral pgid ts¥er (58) sadﬁeméﬁmﬂhﬁaéﬁmﬁgefaces (60, 62) disposed in close proximity to

and confronting opposite surfaces (38,39) of a data storage disk (14) adjacent a

10 peripheral portion of the disk (14) that does not contain data. Preferably, the motion
limiters are disposed at several points about the periphery of the disk (14), and may be
fncorporated in a load/unload ramp (44) and/or side rails (64) of the DASD. The faces
of the motion limiters are disposed relative to the disk (14) so that when the DASD (10)
is subjected to an acceleration, the disk (14) contacts at least one of the faces only at the

15 peripheral portion of the disk (14), outside the data zone. Accordingly; the motion
limiters prevent data zone and spindle bearing damage when the DASD (10) is dropped.
Figure 1.



..13 T The di rect access storage device as-recited in claim12, wherein:
saidthird motion limter includes a base boss proj ecting fronlsald base
and a cover boss projecting fromsaid cover, said base boss:and -said cover
boss respectively include said first and second faces of said third notion
limter. 14. The direct access stor¥ffe device as recited in claim10,
wher ei n: a clearance between said first face of each said first
notion limter and said first surface of said data storage disk and a

cl earance between said second face of each said first notion limter and
sai d second surface of said data storage disk are each less than 0.33

mlinmeters. 15. = A'direct access storage device, conprising: a
data storage disk rotatably nounted about an ggis and having first and
second opposite surfaces, ata zone on 481 astgggne of sai 3% i 4 and
second surfaces, and a peripheral porti oy ouysi dg sald det a /zone

an actuator ‘for noving déy(ansducergnp re atlwe.to sa, dﬂf/%s/é/or

di sk; a housi ng £ncl osi ng saj/ st6raqe di nd gai d t bat or
sai d housing including a base and 3 rover at/ | east hr =e tion

| | m t er S pr OJ e —lll—--llll-"l_-.‘_l“L‘-I,‘l_',:.- G \“:Vlll--llvl_l~

motion limterg Sﬁbs d in Chy %:Sgﬁg‘»

confronting sa|o S id dat 4|5t or age S ficent  spi d

<

peri pheral port S€cond facld di sposSed 4 | osf p 'L¥ to

and confronting g{r,f agg of spi'd dat/a ;torgge disk.

sai d periphera "/ ggd first ang second f efT ong of said
or} and said

noti on Iiniten;v§~’ 1/SpQdef” on ilrst Sld' of said acyya
first and secohd\lates ‘P’ said mejon limters Re ng| di sjpos gron
a second side ¢ u’ ppOSIte sa |rst si de: FHT § f

first and se JCES O ’. i on I20ni ters bei ng |dispoge
sai d datMsk u { hal
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accel eration said data storage di sk contacts at |east one of said first and
second faces of said notion Iiniters only at said peripheral portion
out si de said data zone.

19 16. The direct access storage device as recited in cIa|n115 wher ei n:
at least six of said motion [imters prpygct fromat |east one of said base
and said cover, said first and second faces of each of said notion linmiters
bei ng substantiaLIy equal |y spaced fromsaid first and second faces of each

adj acent one of said notion limters. 17. . The direct access storage
device as recited in claim15, wherein: onhe of said notion limters
is a ranp engagable by said actuator to Ioad and unl oad the transducer head
onto and from said data storage disk. A dl%§Ct access storage

devi ce, conprising: a data storage dISk rotarakdy nmounted about an

data zone on at | east
al portion outside
storage di sk, said
nmotion limter

axis and having first and second opposite surfaces,
one of said first and second surfaces, andsg periph
sai d data zone; a housi ng encl osi ngv%a

housi ng i ncluding a base and a cover,

projecting fromat |east one of said base r, said 18
38
20
// e
- gé('? L*Haz ,




~first notion limter having a first face disposed in close proximty to and
confronting said first surface of said data storage di sk adjacent said

peri pheral portion and having a secand face disposed in close preximty to
and confronting said second surface of saj d data storage di sk adjacent said

peri pheral portion; - said first and second faces of said first notion
limter extend at | east 10 degrees about- the periphery of said data storage
di sk; and said first and second faces of said first nmotion limter

bei ng di sposed relative to said data storage di sk so that when said direct
access storage device is subjected to an acceleration said data storage
di sk contacts at |east one of said first and second faces of said first
notion limter only at said peripheral portion, outside said data zone.
20 19. The direct. access storage device as recited in claim18, further
conpri si ng: an actuator for noving a transducer head relative to
sai d data storage disk; a ranp projecting.fromat |east one of said
base and cover, said ranp bei ng engagabl ¢ by said actuator to | oad and
unl oad the transducer fromfsaid data storage disk; a
second notion limter|in said ranp, sand|second notion |imter having a
first face disposed iin close proximty tjoand confronting said first
surface of said data |storage di sk adb@cent id peripheral _portion and
havi ng a second face ¢li sposed in close{pjoxim{iy to and coﬁfﬁont'pg said .
second surface of sai ¢ data stora I ' nt said pe/iphgpé{ porti on;
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said first and second faces of said second notion limter being disposed
relative to said data storage disk so that when said direct access storage
device is subjected to an accel erati.on said data storage di sk.contacts at
| east one of said first and second faces- of said second notion limter only

at said peripheral portion, outside satdddata zone. 20. . The direct
access storage device as recited in clai.m 19, wherein: ) said first
and second faces of said first notion [imter extend about 270 degrees
about the periphery of said data storage disk. 21. A direct access

storage device substantjally as hereinbefore described with reference to
Figures 1 and 2, and any one of Fpgures 3 to 7, of the acconpanying
dr awi ngs. _
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