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I nvention This application relates generally to disc drives and nore
particularly to a clanping mechanismfor retaining one or nore data

st or age ywifh §G2798p @ Spin notor. 5 Background of the Inventimrr/Bsg@rébii ves are
data storage devices that store digital data in magnetic form on a
rotating storage nmediumon a disc. Mddern disc drives conprise one or nore
rigid discs that are UNIKORM/LOADENGRAMEBERINSE CEAMNMB medi um and
mounted on the hub of a spin notor for rotation at a constant high speed.
Information is stored on 10 theﬁ&gc&;té})hﬂmmigﬁal ity of concentric circular
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the desfred track. The heads Backgeeid eftherinyention f | exures at the ends of

actuator arns that project radially outward fromthe actuator body or "E"
bl ock. The act udliefs dipysgyare dasptorage deprennat dpstigital daann magneliele™o t he
di sc drive i j . e..out re f i scs.  The pivot
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di scs, so tgatdibkhrahienespiaane coite@ withangagastiahble mddurh Bed sioiheees thd t he
di scs. Typically, such actuator assenblies enploy a voice coil notor to

posi tion t heb oheapis metonfor seipleen attaconplantdhigh seeedf defesmatireissiredeortoi | not or
typically incl.udes a,flat coil unt ed horij zont al,l n_the side of,. the
et uat 8 bS8 ehvre it E8binalfl Cisiar ARER SRiB by BRudifes et
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per manent magnets and vertically spaced apart magnetically pernmeabl e pole

pi eces. WhBuringntwielopdration,etata is witentontd®e dis tpaksad dutingagéadt he coil, an

el ectromagneti ¢ field is set_up which interacts with the magnetic¢c field of
the nagnePPTaLen thgihead sensefbe dpareanysty Britgn anihe e BRAHEITARRR t he

wel | - knownhe information to the external environment. Critical to both of these operations is

15 the accurate positioning of the head over the center of the desired track.

The heads are each mounted via flexures at the ends of actuator arms that
project radially outward from the actuator body or “E” block. The actuator body
typically pivots about a shaft mounted to the disc drive housing adjacent to the outer
extreme of the discs. The pivot shaft is parallel to the axis of rotation of the spin

20 motor and the discs, so that the heads move in a plane parallel to the surfaces of the
discs.

Typically, such actuator assemblies employ a voice coil motor to position the
heads with respect to the disc surfaces. The voice coil motor typically includes a flat
coil mounted horizontally on the side of the actuator body opposite the actuator

25 arms. The coil is immersed in a vertical magnetic field of a magnetic circuit
comprising one or more permanent magnets and vertically spaced apart magnetically
permeable pole pieces. When controlled direct current (DC) is passed through the
coil, an electromagnetic field is set up which interacts with the magnetic field of the
magnetic circuit to cause the coil to move in accordance with the well-known

30  Lorentz relationship. As the coil moves, the actuator body pivots about the pivot



30 Lorentz relationship. As the coil noves, the actuator body pivots about
the pivot WO 01/27920 PCTIUSQOO 27621 shaft and the heads nove across the
di sc surfaces. The actuator thus allows the head to nove back and forth in
an ar cOMO812M3%i on bet ween an inner radius and an outer PEHYSHLTEH  he
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the spin are use rovide the separation between discs
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with the disc surfaces. The discs and spacers collectively forma disc
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defl ected t owar hithela@pst@l beodittHeh sratipadpr niilbedri Woilantibed clspps ag radrove  t he
| evel of the annular rib, and includes a plurality of scr?w, hol es spaced
symmet riocalrigid asbless proae tnedefleging e appiingdiscriuriase they argeelaltye used to

nmount the disc.cla ripgi ngl e : rtion of
the clanp t3RERE qtﬂgﬁgﬁpgg?segﬁ%@cgg@g?Illecei?%%ﬁgdlé%?ﬁ ?gtvglgh% € screws
are tight egﬁgstaﬁtﬁﬂ?qa&x ckeivROhdvaBec@nB Bblar i Thd dMrp fd typicaldn aietulssi t h t he
upper nost disc surface and applying a clanping force to the disc stack.
This type abridgsteelshrpmes! sitctwiethaving qrenhlkprstion i ik podloamhor s secur ed
with a plurality of screws, typically 3, circunferential.ly spaced.around
the center TSR thewuisile GAHFE o%ﬁgc%%w%n@nﬂ%néﬁm%daﬁ% WPy o1 t ed
by the rib It adj : I ' | bhIf dpeaide! Y
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cl anpi ng f%Lce can nechanically distort the discs in ? phengnenon
¢ level of the annular rib, and includes a plurality of screw holes spaced
symmetrically about the central portion of the clamp. The screws used to mount the
disc clamp springingly bend and deflect the central portion of the clamp toward the
20  upper surface of the motor spindle as the screws are tightened, thereby forcing the
annular rib into firm contact with the uppermost disc surface and applying a
clamping force to the disc stack.
This type of disc clamp is not without problems. The disc clamp is secured
with a plurality of screws, typically 3, circumferentially spaced around the center of
25 the clamp. The majority of the clamping force is exerted by the rib portion adjacent
the screw locations, with a significantly reduced level of clamping force, and often
no clamping force at all, exerted by the rib portion between the screw locations.
This variation in clamping force can mechanically distort the discs in a phenomenon
sometimes referred to as “potato chipping,” meaning that the portions of the disc

30  nearest the clamp screws are displaced further than the portions of the disc between

the screws.



sonetinmes referred to as "potato chi pping,” nmeaning that the portions of
the disc 30 nearest the clanp screws are displaced further than the
portions of the disc between the screws. 2 WO 01/27920 PCT/USOQ) 27621
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I nventi 87 data on the discs may be inadequate to ensure reliable data storage and recovery.
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Another problem encountered with the current disc clamps is the transfer of
vibrations from the discs to the clamp. Current disc clamps do not dampen
vibrations from shocks to the disc drive and the vibrations can resonate in the disc
clamp or set it to “ringing.” This “ringing” then is transferred to the discs.

20  Vibrations in the discs are an additional source of undesirable variations in the
read/write signals detected and written by the heads.

Accordingly there is a need for a mechanism that would more evenly
distribute the force applied to the disc surface from the disc clamp and also dampen

vibrations in the disc clamp.

25 Summary of the Invention

Against this backdrop the present invention has been developed. The
performance of a disc clamp can be enhanced by utilizing a roughly triangular shape
for the center aperture. Such a disc clamp exhibits a substantially more uniform
distribution of clamping force and reduces the “potato chipping” of the disc. It has

30  further been determined that a stiffening rib located adjacent to the rim portion

which contacts the data disc also leads to more uniform distribution of clamping

3



Agai nst this backdrop the present invention has been devel oped. The
performance of a disc clanp can be enhanced by utilizing a roughly
triangul ar shape for the center aperture. Such a disc clanp exhibits a
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vibration in ese and various other features as well as
advant ages Mfdiﬁl}ﬁhﬁfr&ﬁﬁceﬂhbzﬁrﬁﬂiﬁg fgpeeesent invention will be apparent from
a reading of the follow ng detailed descrjiptioon and a review %f i he

associ atled dr awi ¥gsanotisr Benest Oﬂjééé}’r"ebftmbﬁ éﬁteﬁlﬂéalﬁ?’&‘ﬂfﬁﬁg npgdQ e 4 5 pl an
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in accor dan¢&Ri ventl on ShOWI ng the primary internal
conponents. FIG T@ege%na@aﬁefﬁl AHGGeMuRWaOveRRs awmdgas whitihschapaekizagrenbl y
utilizing a 20 disc clanp in accordance with a preferred enbodi nent of the
present i nvemrsénmmvenfidiGwilBbe apmir@mﬁ@ma@ eeadimgeélag followingd¢tateda preferred

enbodi nrent of the disc cl accordance with the present invention.
descnpt?on and a revi’j‘r\T’:/poIl trﬁe assomate% d(fawmg P

15 Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment of
a disc clamp in accordance with the present invention showing the primary internal
components.

FIG. 2 is an exploded view of an exemplary disc pack assembly utilizing a

20  disc clamp in accordance with a preferred embodiment of the present invention.

FIG. 3 is a separate perspective view of a preferred embodiment of the disc
clamp in accordance with the present invention.

FIG. 4 is a graphical representation of the clamping force distribution of the
disc clamp shown in FIG. 3.

25 FIG. 5 is a plan view of a preferred embodiment of a disc clamp in
accordance with the present invention showing the optimal range of sizes of a central
aperture.

FIG. 6 is a cross-sectional view of the disc clamp shown in FIG. 3.
FIG. 7 is a cross-sectional view of another preferred embodiment of the

30  present invention having a vibration dampening ring installed.



FIG 4 is a graphical representation of the clanping force distribution of
the disc clanp showmm in FIG 3. 25 FIG 5 is a plan view of a preferred
enbodi nent of a disc clanp in accordance with the present invention

showi ngMA¥/ M0 mal range of sizes of a central apertur CTARBI2H2 s 5

cross-sectional view of the di scpgl,siel pdieMptibe FIG 3. FIG 7 is a
cross-sectional view of another p?‘E'f"ETT‘E‘dg%ﬁ’b'O'dl ment of the 30 present
| nvention havi ngaQisid?h@09 BofRRRRAIAGeddrllthok BAAL hiothrred MRBHASA 20
PCT/ US00/ 27621 Detail ed Description A disc drive 100 constructed in

accor dance tht presentpmehéon éckshewinad iFi@nt . Tife dlsm\mﬁmancludmbasedm k& shown
in FIG 1. The disc drive 100 includes. arﬁ)gse 10 t whi ch valrl ous
conponent s wich pariepscompongads ebthe ise drygV8gre WOPBtﬁ 06‘\/@? 9% 104: shown

partial lyy cs%w%g}é ang,%;apg@ gsog@rggs HAR ha55 402 1§ ?orfrpz{rfnn?éhél ngegreaal

seal ed enV|ron Isc drive in a conventional nmanner.
conponent s dnRirbmdientafor gRidivt! dzivieth alcodtmtivhaltmaroteat Ehe mmpcm’entmn@ludh a; cs 108
at a constant high speed. Information is witten to and read fron1tracks

on the di sc@lrm@rrlomrdaéﬁhattm@tam@n@)pr mAre gisgsukdSqt a&§§%?ﬂﬂh}811%e whl ch
Lgts?: ieznggr agﬁﬁ?{‘\ﬁg R&l BaéP{%“t t%ci?eé‘ﬁ h’%%?c@eifo%lﬂr u gl%

e acC asse a

plurality ofciafdruRbMhblnN, %ﬂh%h@@dﬁﬁﬁ%@ﬁ%ek@ﬁ@faﬁ%ntab@t(ﬂl&(’«iﬁné&&ft vvl th one
or nore flexures 116 extending from each of the actuator arms 114. Mbunted

at the 10di stss¢mislyd 13fposiiohedoddjadent the dicas $88.1The actuatohasaemblyd 10vyngledes

i ncl udes an ea slid lin he h in close
proximty a"bg\’r‘ ?Ylgit%‘?art gllﬂd"r}‘i%’ ?’T‘t\t@ga S%g?‘lé S&%@@el"vé%eodl °@Fsc 108.
During a s ofﬁ)é;{?] 1191, r 39§ | ontroll ed
t hr ough thgﬁlérse a lggleé{eegglglg fﬁ%f%ﬁﬁtﬁ&tg&?ﬁgﬁh‘sﬁh tfé%%g a§§/}fél ncl udes a
coil 126 adistacéeibfteact hﬁthacﬂtetmtwill@s&elnﬂatl;ll&l@hwhsnalmlds aagirdwering nore
pernmanent nagnets 128 which estab h a magnetic field in whjch the coil
126 is .m@lg@aenabd;ngm@ headd 1319 ﬂkﬂllh‘ﬂﬁﬁ Ieraﬁr@ﬁv HI0VE (hG ERTCSPRAME coi | 126

causes mRgNELLC. LPESLACHLON disc 108,

During a seek operation, the track position of the heads 118 is controlled

through the use of a voice coil motor (VCM) 124, which typically includes a coil
126 attached to the actuator assembly 110, as well as one or more permanent
magnets 128 which establish a magnetic field in which the coil 126 is immersed.

20  The controlied application of current to the coil 126 causes magnetic interaction
between the permanent magnets 128 and the coil 126 so that the coil 126 moves in
accordance with the well-known Lorentz relationship. As the coil 126 moves, the
actuator assembly 110 pivots about the bearing shaft assembly 112, and the heads
118 are caused to move across the surfaces of the discs 108.

25 The spindle motor 106 is typically de-energized when the disc drive 100 is
not in use for extended periods of time. The heads 118 are moved over park zones
120 near the inner diameter of the discs 108 when the drive motor is de-energized.
The heads 118 are secured over the park zones 120 through the use of an actuator
latch arrangement 122, which prevents inadvertent rotation of the actuator assembly

30 110 when the heads are parked.



bet ween the permanent magnets 128 and the coil 126 so that the coil 126
noves in accordance with the well-known Lorentz relationship. As the coil
126 noves, the actuator assenbly 110 pivots about the bearing shaft
assenbl YOI127928nd the heads 118 are caused to nove acr oSSTHUEYEWPt aces of
the discs 108. 2o4Ihe. pi | fsito/ b At ¥ortRscBBR pathd &St thbien the
di sc drive 100 %gﬂeﬁgﬁsgﬁhﬂﬁis%&gﬁﬁéiﬁlég%%%%sber%olgé o? ticme. E)The heads 118

are noved Q¥®htopAsFKmBBNER wAZOall@aihg phetilmerenttinaottheacthtor hsseoibdics 108
when the drive notor is de-energized. The heads 118 are secured_over the
par k zones 110@utihg operhtieth dhadlex @psearblyd 30 ichides p priatedgincuit §erdi32422, whi ch

prevents inadvertent. rotation of the actuat I t he
heads are ﬁ'@]"%]a?a VNS (Bit/%’?@'ﬁg%ﬁ%%gﬁ?ﬁg%ggggtg%%@}g
provi des t heqregubsi § f1 Slemt Hefires EPORAGE heRisPaBhThe Printdeirait baidr

assenbly 110 while allow ng pivotal novenent of the actuator assenbly 110
duri ng openaRitgpicalFhieclutiescimsigsnfor gorisdling teuwdts carrpnts appliedctorteeheadpoar d
132 to which head wires (not ;Qdom‘}& ar gfco nectﬁg)'. t he headlvvi res being
routed al orld 81BN 2 3uitg Aperatian ARd 4 Rrpamplfiehior Amplifjineread signgls; o “heads 118,
The printe ] [ Ve AV u ' | r controlling
the wite %ﬁ%‘éﬁd é’&éggﬁ‘%agé lt} ga?ﬁﬁéé’hg% s&beffl%gh'dgﬁ?ﬁgkg%h%b%l%%erati on and a
preanpl i fi esrmiigsteanm flx/bragket &34l f@icgnahmicagienehratglitheybasdhéedidddgo 218 duri ng
a read operation. The fl_ex,assenble/ 130 term nates at a flex bracket 134
for corifunidisedroe nrimtesLeireuitihearidaat sherm) mepnted tq thegbafiogrside P ke disont ed
circuit board (@gt shown) nmounted to the bottom side of the disc drive
100. The di¥t§'T08 are secured to the hub 230 of a spin notor 106 in
spaced-apart f apfd Qs 108 atd deddled 3 @1t Hub P0G adpintoRe 106 HCspatéBamire
alternatively stacked together wth spacers 220 that provide the vertical
spaci ng nedessamyAf diustreted at BIG.2s Suabilipcsl DS arp elt¢roatiyedesfackegddagether

herei nafter). The st ed set . of discs, 108 and spacers 220 are unted to
the spin oV S&?@@Sﬁﬁ@%@f%‘ﬂ%ﬁ‘e I _alzsfé.cmﬂf%"ets%& Byiecfily Bemil 210 s
di sc Shl%pedfuﬂé't‘i/dngge&?ibg&’gﬁjl’einﬁ Peht k@&ed%e?@ﬁ%cs%@%hd%ﬁﬁérs 2chre central

spring “portion rmn eaf -Spring type disc clanp. y conbination of
di scs 108 afdunted to the spin motor 106 via the disc clamp 210. The typical disc clamp 210

is disc shaped having an outer rim portion, a sheet metal body, and a central spring
portion forming a leaf-spring type disc clamp. Any combination of discs 108 and
spacers 220, along with a disc clamp 210, can be referred to as a disc assembly or
20  disc pack. Preferably, three mounting screws (not shown) are used to secure disc
clamp the 210 to the spin motor hub 230 using threaded bores 222 in the hub 230.
FIG. 2 shows the disc clamp 210 according to a preferred embodiment of the
present invention. The disc clamp 210 has a bowed central leaf spring portion 218
that has a triangular central aperture 216. The clamp 210 also has an annular rim
25  portion 240 having an annular contact rib 330 and a concentric annular stiffening
portion 332 adjacent to the rib (better seen in the sectional views of FIGS. 6 and 7).
As described hereinafter, the annular rib 330 preferably provides the contact surface
between the disc clamp 210 and the upper surface of the uppermost disc 108. The
adjacent stiffening portion 332 is a concentric rib 334 adjacent to the annular contact
30 1ib 330.
The disc clamp 210, as shown in FIG. 3, is a generally circular disc shaped

body having a central portion 218 and a peripheral annular rim portion 240 forming

6



spacers 220, along with a disc clanp 210, can be referred to as a disc
assgnbly or 20 disc pack. Preferably, three nounting screws (not shown) are
used to secure disc clanmp the 210 to the spin notor hub 230 i t hr eaded
bores 23WOPH2®HL hub 230. FIG 2 shows the disc clanp 21’&%@@%&?@ to a
preferred egbadi / 0t ah SR Ring FRRiIGH 502 £ AR B3R ABS 2
bowed centrggﬁgﬁ%gopﬁon%ﬁ%ooﬁl?%ﬁ £218 That 'hgsgpg %ri angu[’ar central
aperture 21£30. The &hadlpozfiéh 21 $haswsiaagulancentral apertore 2% therethirough2abhd havi ng
an annul ar contact rib 330 and a _concentri ¢ annuyl ar sti{feni n %o%_tl on 332
adj acent t osarewe mqupting beles 212 eandisintly epacsd prayRd ths oo %ﬁeﬁl‘éﬁ‘&‘ and 7).

As descri be r el naf , Tt he - L f V. } .sthe
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upper mos§  dijsfvn) @S fasitBi@he @idi aRETH 219t th fificib B 0P thé Sin kol B06a Tendient ri ¢
rib 334 adjacent to the annular contact 30 rib 330. The disc clanp 210, as
shown in Fl Gamp,210durheyendndds|acomiar 2 Retveries evertidpyeddiasehysci¥di ng a central

portion 218 and.a ripheral. apnular. rim [ 240 f.orm 01/ 27920
Do Rt PSS RO BT R e R RO 270 RGO
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triangul ar central aperture 216 It)heret hrough and screw nounting hol es 212
equi di stant |y spahediaagolanshdphef dententrh] appeute216 cphi@ice$ thetdgpaliiation of anp

210. The screw nmounting holes 212 each recejves, a screw (not.5 shown) to
fasten the Hiesdarapingiorog exartediydhe auaggt 30t3r¥ém§b§‘ﬁ dhi‘}t’g)%’ Y86 The disc

clanp 210 furt her..li ) L I acent screw
nount i ng ho eéigcezglﬁo%&{ ﬁlﬂﬁﬁp gegg%lﬁ? Esglzl%g’oilr?%ittl)({)@;l&gblgxglf&tlg\g@ﬂ%g%ﬁ%l anp 210.
Each of t hgiseRfisiessthe dfkcaDside te elainpilg fofres.t Argatiéal represeutution of thee

triangul ar shape of the central aperture 216 enhances the equalization of

&g. t Ee cl Sm:ﬁsn@s ol @enmnﬁrm@@blwmer@sta‘hwmwf qlampiggdorgg af 4 discclendldc 108,
iC reduc " pot i ppi ng", of th i. 108, 4-£. i
Foduces. ¢ hewiaRaneid Hipfirita Serbie s b Rindiot 1, e lalfude 81 210

repr esent at . 8hinihB Fork€ st $hfnndlaf HB0GE sHRALhy @i Hefit OF sdaki but i on of
clanping force of a~“disc clanp 210 wth a triangular shaped central

aperture 216upesingtosedhon theRiicy oflthe Thee akagp 21U dBhohigher the peak, the greater
the clamping force at that of the annular ring 330. FIG. 4 shows that the triangular

shape of the central aperture 216 performs the equalizing function in two ways.
First, the triangular shaped aperture 216 more uniformly distributes the clamping

20  force about the annular contact rib 330 than a typical disc clamp. Second, because
the clamping force is more uniformly distributed, the disc clamp 210 reduces the
amount of clamping force necessary to prevent disc 108 slip and meet a specified
shock requirement. This, in turn, further reduces the force applied to the disc 108
and further reduces disc distortion attributable to the clamp 210.

25 Computer modeling further determined the optimum operable range of for
the triangular shaped aperture 216. For a disc clamp 210 of typical size (i.e. outer
diameter of 1.22 inches and an engagement surface or contact diameter of 1.125
inches), an optimum range for the triangular shaped aperture 216 diameter is from
0.7 to 0.78 inches as measured from a corner of the aperture, through the center of

30  the disc clamp 210, to farthest edge of the opposite screw mounting hole 212 as
shown in FIG 5. Within the optimal range, the model indicates that a diameter is

0.77 inches achieves the most substantially uniform distribution of clamping force.

7



15 the clanping force about the annular rib 330 is shown by the height of
peaks superinposed on the view of the disc clanp 210. The hi gher the peak,
t he greater t he clanping force at that of the annular 0. FIG 4
shows t ¥R %VHE&% ri angul ar shape of the central aperture g‘%’é{%g@ﬁ?ﬁlnﬁ t he
equal i zing funct Qb 'eﬂ strp\%’( Wémverﬁiom& destcﬁee& bEIBROMItRFefelARSd tRPEr ture 216
nore uniformy distri es the clanpin force about the annul ar contact
rib 330 thagross-deypomealvieti eﬁtheldmmlanﬁez;mmh,FI@eéalTsle anhiler dhrepariioy24bee i s
nmore uniformy distributed, the disc ¢la 210 reduces the unt of

3 a?EB

cl anpi ng fo@éé‘ﬁ‘ié&%&&l@ IR it @\Iﬁ&'&p%l%’b glhg st %’H&EP@'BP“ &&h fi ed
shock r eqU| Qﬁ;ad 'apenE Hﬁ 1’nt c?ﬁlre oRAUERS 3§€eTfl anI t O the
di sc 108 an uces ortion attri

210. 25 @W@ﬁhé“p@@bbmmbﬂeﬁﬁ(ﬂgthd@tlﬁhéﬂslwdldchﬁltz&phbmm mpeﬁﬁbiee range of
for the triangular shaped aperture 216. For a disc clanp 210 of typical

si ze (i.e. wdueng ndi-anidfoen distribution of fherrdamping faree avlulede ranfactsyith ke or
contact di anet b of 1.125 inches), an optinmumrange for the triangul ar
shaped aperfhﬁ?i %16 diameter is from 0.7 to 0.78 inches as measured from a

corner of the ap@rhifaspdehb Ot mviehBortRRhEwN 9 crRls-E&tiodhiShew lo@fie dsk0, to
farthest edge of the opp05|te screw nounting hole 212 as shown in FIG 5.

Wthin the dpmipr2dl presegted in REG. rﬁ)dleldampdnmgmg 400 &f vsscmelaas’ec gnatarigl 1sQ. 77
i nches achi eves the npst substantially uni |but|on fo cl anpi ng
force. ¥ wraiapshyih F’@FIQ?S?&@‘%’F %lem}éﬁd"c %}? H?Pmtgrﬁ'apg ‘f(hpesﬁf"eén is
described bgl, %\{Y&\Wségf [?.ﬁélsgtﬁr%ﬁb;aﬂoﬁﬁ%n ?%ﬁﬂ?eecﬁgd 8?@1&) 2\10?}(’j§ﬂin?fext[=: g di sc

clanp 210 in rimportion 240 o t he sc clanp 210 has

a stiffeni nghders to B dx3ArivEneo st frbirnaﬁmgqmﬁeramn3:{21emampamngtringfmni ng rib
334 adjacent and interior to the contact rib 33Q. The stiffening rib 334 5
serves the plimpets 6flglinﬁcilfe&1§|dﬂﬁg clagep 310 by darggering ﬂb@at@@ﬁpﬁﬁrﬁqqqngleggo t hus

further _redu Llﬁlgl’% tgalogi sC E?é'r(l)pr g‘]redshfslz%,né'hgnﬁon% %fIGt g%h&lv@ rggia %H:)e %l ein

cont act wit H© aspect of t hé |nven L on

Cross-segti %Ed \da@iWeBinglrii 4“0%v1n%|amu%1@ro@§ escioh e BowevEl, @
danpeni ng ring 400 of visco-elastic material is 10 containe V\Athl n or

beneat h t heagropfiatecrogs séchiog84hapeheaydemsedi ng ri ng 400 serves

In summary, a preferred embodiment of the invention may be viewed as a
disc clamp (such as 216) for fastening a data disc (such as 108) to a disc spin motor
hub (such as 230). The disc clamp (such as 210) has a generally circular disc shaped

20  body having a concentric central portion (such as 218) and an annular rim portion
(such as 240). The central portion (such as 218) defines a generally triangular
central aperture (such as 216) therethrough and has spaced apertures (such as 212)
around the central aperture (such as 216) for mounting the disc clamp (such as 210)
to a spin motor hub (such as 230). The rim portion (such as 240) forms an annular

25  contact rib (such as 330) through which a distributed clamping force is applied to the
data disc (such as 108).

Preferably, the disc clamp (such as 210) has three spaced apertures (such as
212) around the central aperture (such as 216). In a preferred embodiment, the
triangular central aperture (such as 216) generally has the shape of an equilateral

30  triangle wherein the corners of the central aperture (such as 216) are curved and have
a radius substantially equal to that of the radius of the disc clamp (such as 210). The

disc clamp (such as 210) has an outer diameter of 1.22 inches, an engagement
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t he purpose of dissipating vibrational energy in the disc clanp 210 from
external shocks to the disc drive 100 or fromdisc drive operation. The
danpening ri ng 400 elimnates "ringing" in the disc cla 210 by danpeni ng
vi br at i B30 equencies including the disc clanp's re &Tgrlﬁoo’ﬁiqzhoni cs.

FIG 7 shovws & t gﬂ’a?n:ng%} C%é\%\%;(isg%naslggzgmr 72MPERANRs fdnd% 400 having a

circul ar cross sec y ropriate cross sectional shape may

be used. | nrighiIE shapedl perliRr(E@d LP16}diaRikter bbtvides 0iTteenT8 thesandbe vi ewed
as a disc clanp (such as 216) for fastening a data disc (such as 108) to a
di sc spi n moelsrablh037 (rahehasmezsnod frame qre of fheppetaigethrenghthp reniels

generally cigycular di.sg shaped.20 body. havin j al portion
(such as 21c§§tﬁ%ﬂ’(§°’e{ﬂ fadﬁ‘r?ﬁt!e ef’f%epogpf)%%scr v%uc?ﬁnglgé]g@ggg.dcﬁﬁgggi nt ralO
portions(such astigli@VeflRhiM@may BEMRKAN laY aldidcanghy @uch SLTL0)dbviaper t ur e
(such as 216) therethrough and ‘has spaced apertures (such as 2‘1185 ar ound

t he) cent r al geapeily eireulgsdishstape® b6Jy haingramanniutay ringpordios dsushasp4Psuch as
210 to a spin notor hub (such as 23 The rimportion_.(such as 240

flor s an aﬁfﬂﬂ%ra%m&@ﬁf%gdﬂ%ds?%ﬁ%@’ AL E%ﬂar\mﬁ%ﬂl% p&%é‘fl}i b?Jt ed
cl anping f i A t | fAagabl y, the
di sc cl arrpo@g‘%lc S%asyg%g%%)gth% E‘?’é%‘g@p%c%'é’ig“ﬁgﬂé E?‘é%i’(o it%@}(sgégf 2%22?5; ' a?/ound

t he cent ral Prefigdtilyrtie §tiffiingysorfd6)such as a32)rfefres & etondrbmdilanmtt (suchhas
triangul ar central aperture (such as 216 ener?IIy has .1 he sha‘{)e of an
.Y

equi | at ¥r al 3390 stiffpring fhe iR @RI (B 4:5&4Hir ppre %dégﬁpfi%eféb‘é@r f&! (such

as 216) are_curved d i bk . f th
adius of et oo reahd s Rkl iU RRER U B e BRI B2 00 ' e
an out er di aielaffialf trikn@dar AEHGSandahree RPAREABEturSs G0y 212Y 2found the

PCTI USOQ' 27621 surface or annular contact rib (fsuch as 330) dianeter of
1. 125 i nchesentrahapesturet (sicdry18) cahdpeceivmgtanes! (lyee fastggers16) di amet er

cor ner of { he. apblEBRBYE T HPo By e SLRREPe ViSRS gl S PR CRah Ehest  edge
o 12, B TR LABICLS Gypslodh, i ellly v pstagn, 1 20, o
shaped body(shelvaseptaandaoerten poitiongeuchiasi218) wdieres a dadpening ring (such as
400) is fixed to the annular rim portion (such as 240) to dampen vibrations in the
disc clamp (such as 210). Preferably, the dampening ring (such as 400) is toroidally
shaped, made of a visco-elastic material and is positioned against the stiffening
20  portion (such as 240) to adsorb vibrations in the disc clamp (such as 210). In the
preferred embodiment, the dampening ring (such as 400) is fixedly held within a
stiffening rib (such as 334) in the rim portion (such as 240) of the disc clamp (such
as 210).
It will be clear that the present invention is well adapted to attain the ends
25  and advantages mentioned as well as those inherent therein. While a presently
preferred embodiment has been described for purposes of this disclosure, various
changes and modifications may be made which are well within the scope of the
present invention. For example, in alternative embodiments the dampening ring 400
can contact the surface of the disc 108 or may be placed within the contact rib 330
30  rather than the stiffening rib 334. The dampening ring 400 may be fixed in place by
any means including, but not limited to, adhesive, press fitting or molding it in

place. The corners 214 of the triangular central aperture 216 can be utilized as

9



havi ng an annul ar contact rib (such as 330), a concentric annul ar
stiffening portion (such as 332) adjacent to the rib (such as 330), and a
central portion (such as 218). Preferably, the stiffenin (such as
332) forWRO4282%0ond annular rib (such as 10 334) stlffenlﬂgﬂﬁﬁ@mﬁg #h portion
(such as 24 o ERbuhiie SARE BRL clBgy 1106 theuch as 218)
has a centr%%ng%g$?ﬂgiﬁ%gﬁgﬁggs Zlg?ﬂFheré?%%ough thatzlﬂﬂf substantially
triangul ar spiadlechcaodl @6hre ssffening rﬂpﬁ#qrraesaddsmhnﬁ‘snmgzbb Idouaylbe he
central aperture (such as 216) each far §C V|n o E t hree fasteners.

Al t er nat i velogated gaterigyoths é?f“‘é?rs"@n]"?ﬁgln‘bé @J WP Gy 4K a? Reh as

15 210) havj ar rim
por i on (sliihe SRRl enitefiss RORBRE: ﬁ‘%’af’m*‘%é’%s%%’@?% 2
danpeni ng r bm@nipaskel idthe spB)ofitise inva@ibntdisdidwed andus ddfineidrin oy dppemdedsuch as
240) to danpen vibrations in the disc clanp (such as 210). Preferably, the
danpeni ng rphgn%such as 400) is toroidally shaped, nade of a visco-elastic
material and is positioned against the stiffening 20 portion (such as 240)
to adsorb vibrations in the disc clanp (such as 210). In the preferred
enbodi ment, the danmpening ring (such as 400) is fixedly held within a
stiffening rib (such as 334) in the rimportion (such as 240) of the disc
clanp (such as 210). It will be clear that the present invention is well
adapted to attain the ends 25 and advantages nentioned as well as those

i nherent therein. Wiile a presently preferred enbodi nent has been

descri bed for purposes of this disclosure, various changes and

nodi fications may be nmade which are well within the scope of the present
invention. For exanple, in alternative enbodi nents the danpening ring 400
can contact the surface of the disc 108 or may be placed wthin the contact
rib 330 30 rather than the stiffening rib 334. The danpening ring 400 nmay
be fixed in place by any nmeans including, but not limted to, adhesive,
press fitting or nolding it in place. The corners 214 of the triangul ar
central aperture 216 can be utilized as 9 WO 01/ 27920 PCTI USOQ 27621
spanner slots to assist in placenent and nounting of the disc clanp 210 to
the spindle notor 106. The stiffening rib 334 or an addition stiffening
rib 334 may be
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| ocated exterior to the annular contact rib 330. Nunerous other changes may
al so be nmade which will readily suggest thenselves to those skilled in the
art and which are 5 enconpassed in the spirit of the invention disclosed
and as O PHZEM20 n t he appended clainms. 10 WO 01/27920 PAICTEH/22¢821
CLAIMS What is clainmed is: 1. Adisc clanp for fastening a data storage
disc to a disc spin notor 5 hub in a disc drive, the disc clanp
conprising: a generally circular di scLglged body having an annular rim
portion and a concentric central portion, the rimportion having an
annul ar rib for Whassclagnedgai nst the data disc, the central portion
defining a generally trjangul a ﬁfntral erture.therefhrough ?nd spaced

mount i ng apert urles arodisa claRY 18 sfeélllngaap@?atgﬁtroéagleéiﬂsclt@ar TP 19 Fast ener s
to fastegn @H@ig%ﬁgc%hﬁgpﬁggmgcﬁpgn: ﬁﬁngum)aﬂd apply a distributed
g alar ri

cl anping force throu e ann to a data storage disc carried on
the spin motor hub. 2 gehbellgicitulat dispsiapedbodyniatting et anrmldr rish@ortion t he
triangul ar central 15 aperture generally has the shape of an equil ateral
triangl e. 3ndyigencangic eaniabPaten il G RAtien having apaerHan ik s PESPREr s of t he

generel 4 ek AAOHL ALl 1R APTLHS RR S ARty S s o o

accordi ng R A ere are ures around the

central apepbmirg teaethrdudh ah@eicd Rbuaieg Bertubésefoliaibthe Reritsal apertukBordi sc
clanp according to claim4 wherein each of the curved corners of the

cent r al10apeedeivieg Festenarsita diasten the 8ise clampetodi spen wotarhub@odrpplyg to claim 5

wherein the,.radius of each of the curved corners of the.central aperture
i s subst antql%ﬁﬁp‘?e Rlampigeioree thipueh ha %ug’f “gﬁ% a d?‘ﬁrsé%rag?)glé‘éﬁargﬁg PRures. 30
7. The dis%h&ﬁﬂﬂﬂuﬁ&ﬁﬁ&qing to claim5 wherein the radius of the corners

2. The disc clamp according to claim 1 wherein the triangular central

15  aperture generally has the shape of an equilateral triangle.

3. The disc clamp according to claim 1 wherein the corners of the

generally triangular central aperture are curved.

20 4. The disc clamp according to claim 3 wherein there are three spaced

apertures around the central aperture each for receiving one of three fasteners.

5. The disc clamp according to claim 4 wherein each of the curved

comers of the central aperture has a radius.

25
6. The disc clamp according to claim 5 wherein the radius of each of the
curved corners of the central aperture is substantially the same as the radius of the
three spaced apertures.
30 7. The disc clamp according to claim 5 wherein the radius of the corners

of the central aperture is substantially equal to that of the radius of the disc clamp.
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of the central aperture is substantially equal to that of the radius of the
disc clanp. 11 WO 01/27920 PCT/ US00/ 27621 8. The disc clanp according to
claim1 wherein the corners of the <central aperture arel% é g ECh t hat
the di stYh¥# 3 m the out ernmost edge of the central aper (&%@“ﬁ 7‘?2 e rim of

the disc clanp igs subgfcaid @hhy abdHedisig i cidin i Reneéif tiahenert bORean out er nost
edge of the nounting apertures to the rimof the disc clanp. 5 9. The disc

cl anp accoketitred aperturk arentobated suchi thattthedidiagce fbrrtpe hasrmeost edge efthei anet er of

about 1.22 inches, an engagenent surface. or contact dianmeter of 1.125
i nches, an&elﬁf%llapﬁﬁﬁﬁlt%l”hesrﬁégg@e ¥rilame lﬁuéﬁ@fl%g}fyo@‘eéfm?eta%thﬁ.d;%ar}cﬁches as

neasur ed i 4, GOARL: Qied BANPRRKAHAE ol QUBINS R SAAL Bc Blankhe disc, o

a farthest edge o pposite scr nount 1 ng ) . The“"disc clanp
accordipg to claim9 wherein the disc clanp has a triangular shaped
aperture dianeter of 0.77 inches as neasured from.a corner of the

aperture, throudh thelhechsceslamp agqpsdiap s claim Spwherein thedise claggdiagpn t he
opposite screw.l5 nounting hole. 11, A di f E.!E data di sc
to a spin r?Bfe(’)'fh"m%eri Oﬁlako%i 15% 5P, a0 Spgte FI(ST\"JCS%C 3‘%%%061?%& I88I nge:r%g

general l'y qi r8uhéfestiria $RAAREEr Qﬁ?é/d fviuRadiameRAbT al7 toor7siichesan annul ar
rim 20 portion around the central portion having an annular rib having an

annul ar sumfessered fimm g oomacef thg apertiae, dhudiugls theznedten of theskses td afazthesil ar
stiffening portjion adjacent to the .rjb form ng a second annular rib
stifferng eﬁﬁ%"#‘i‘% He %?WtW“HB%PPiﬁt portion having spaced nounting
apertures around a center of the disc clanp for receiving fasteners

t heret hrough for fastening the disc clanp to the spin notor hub. 25 12. The
di sc cl anp accoridi ng Tie difadlamp heodréing it cliaine Soerreialtheqdisd clamptiasa a central
aperture therethrough. 13. The disc clanp according tg claim12 erein the
central apdrgngudarshapedzperure hamelat o7 T4 nchesasgngaghred frogpa comer of the

aperture, through the center of the disc, to the farthest edge of the opposite screw

15  mounting hole.

11. A disc clamp for fastening a data disc to a spin motor hub in a disc
drive, the disc clamp comprising:
a generally circular disc shaped body having a central portion, an annular rim
20  portion around the central portion having an annular rib having an annular surface
for contacting a data disc, and a concentric annular stiffening portion adjacent to the
rib forming a second annular rib stiffening the rim portion, the central portion having
spaced mounting apertures around a center of the disc clamp for receiving fasteners
therethrough for fastening the disc clamp to the spin motor hub.
25
12.  The disc clamp according to claim 11 wherein the central portion has

a central aperture therethrough.

13. The disc clamp according to claim 12 wherein the central aperture has

30  asubstantially triangular shape.
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12 WD 01/ 27920 PCT/ US00/ 27621 14. A disc clanp for fastening a data disc
to a spin notor hub in a disc drive conprising: a generally circular disc
shaped bod¥ havi ng an annular rimportion and a central ﬂﬁﬂBB the
central 23789 havi ng spaced nounting apertures spaced 22 py

center Of the digc Cl/@ﬁﬁc cfbrméf ??As‘(énn&gﬁa%%%r@asﬁfnﬁléﬁ}ﬁﬁb iPa HRE d' sc
clanp to a spln nDtor ub; and a danpening ring adapted to fit between the
annul ar ri rarpercbinprisiagd a data disc. 10 15. The disc clanp according to

claim 14 wherein the danpening ring is ngd of a VISCO el astic naterlal
posi tioned agai risgenerdy srplped ‘P\QhaﬁéiiPP% NG aQ s ar\/‘?’BIPQFFQ?r?él it the disc

clanp. 16. The .dise ¢ of0) dg ring
is 15 toroFthS?lI%?rtéchnE’) (rJT"“ré n%%l O'Fﬁ&pg?‘lsugg C;}a%ﬂréoﬁlg%ﬁﬁé r&résrb? a| m 1 vvherel n
t he danpenitpgcérnt&dfitse dikd &Qﬁb}foh&bﬁviﬂgtfﬁstene&s fdrb’adtéhlh@ﬂlerdlzm qanp towa of the

disc clanp. 20 18. A disc clanp device for fastening a data disc to a drive
not or hub sq;mnpptoglhng,and di sc shaped body; and a neans on the disc clanp

for distributing discretel ing force substantially uniformy
to the data stord r}l/g\))aad%B edeio f?L%enghe annular rimi portion ahd'a ' ddta

disc.

10 15.  The disc clamp according to claim 14 wherein the dampening ring is
made of a visco-elastic material positioned against the stiffening portion to adsorb

vibrations in the disc clamp.

16.  The disc clamp according to claim 14 wherein the dampening ring is

15  toroidally shaped.

17.  The disc clamp according to claim 14 wherein the dampening ring is

fixedly held within a rib in the rim portion of the disc clamp.

20 18. A disc clamp device for fastening a data disc to a drive motor hub
comprising:
a disc shaped body; and
a means on the disc clamp for distributing discretely applied clamping force

substantially uniformly to the data storage disc.
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