WO 01127920 PCTI USOQ 27621 UNI FORM LOADI NG DAMPED DI SC CLAMP Field of the
I nvention This application relates generally to disc drives and nore
particularly to a clanping mechanismfor retaining one or nore data
storage di Squ@®sidepPi N notor. 5 Background of the Invent pgfublonss2lr | VS
are data storage devices that store digital data in nmagnetic form on a
rotating storage nmediumqn_a disc. Mdern disc drives cogprise one or nore
rigid discs that are typ&B&ﬁFQRMMANNEMMPED DISC medi um and
mounted on the hub of a spin notor for rotation at a constant high speed.
Information is stored on 10 the difSa8 of thednPédtion! ity of concentric circul ar
tracks typically by transducers ('"headsS™) nounted to an actuator assenbly
for nmovenent of theTlhieagdicativhatisteegeheralin® discairives andwidre particuldrlyite aoper at i on,
data is witten onto the dis¢c track and during a reagd operation the head
senses the dat &"ﬁ?’é‘gi”éﬁ‘} W%I%Ffefaéﬂn%?fletqﬁé‘“ﬂ?g%af@‘&& $rRP & PHNBPEF.s  t he
information to the external environnent. Critical to both of these
operations §s 15 the accurate pBadligrélitid\f tBé hivegtidicad over the center of
the desired track. The heads are each nounted via il exures at the ends of
actuat or arns that Disc diiesstrerdatiistirdgg devitesdbal storeodigitah dataint magnetic fondy or "E"
bl ock. The actuat or .bod typi.cal | | vt s, abqut . a shaft, nounted to the

di sc drive houg’??ﬁ’é"tﬁiﬂgzﬁ{o&? %’%@y%cﬁfce%w@m 156 {r1vSF CONpRTise PREQE MOTR o i v ot
shaft is paral tigii dises thaarétypRalf cohrell #ith @ndphetizable SR IRMAdMuRfed BRthet NE

discs, so that the heads nove in a plane parallel to the surfaces of the
di scs. Typi cal Imp ofa spin raeter for iation ateaponstay highspesd. Infommatien isstoredamt or t o

oy 0 _ i ' > Y . ‘
Pypi cai 1y 1ot BE2Cs ety 8F Hucdrid lufls SRIEHPLARLS, ook (Gt o™ "
act uat or body mpuuded toantabsatecdssentbly foRmovemant offthe heads teldtive tonthedised i n a

(i cal T tfield of i . e reld
bor manant | magrRPERE A Hr PEreRon Fg G 3aisn oH5 44 SRR SRLSHTRg 2 T8 eabl o pol o
pi eces. Wien ceptrdtioh ifthedd Senses tHel@atardvidubipwritfen BA Bk itiabOM b COI 1, an

el ectromagnetic field is set up which interacts with the nmagnetic field of
the nagnetic &Finformationtotheederpal envigpmento Gritige! to both of thessoperationsih t he

wel | - known ;30 ﬁg 5%%%% ﬁo%iti%{liing @?tm: Read%%crttﬂeecei% Lf P ¥fed {rpci actuator body

pi vots about t

The heads are each mounted via flexures at the ends of actuator anms that
project radially outward from the actuator body ot “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



WO 01127920 PCTI U300/ 27621 shaft and the heads nove across the disc,
surfaces. The actuator thus allows the head to nove back and forth in an
arcuate fashi on between an inner radius and an outer rgejﬁkl% S}fuﬁhe di scs.
Mbdem di s®OSRT2E ¢ ypical Iy i nclude one or nore discs nbURLSE 46 t he spin

5 notor. SpagrifSandiie headndwe defoayihd dist barfaed altriacmatobthuvelowsthshadnecessary
for the actuators arns to novably |locate the heads in.relation with the

di sc surfaceSQmmbw@ﬁ&@ﬂhm%m@smﬂv%wmlvqﬁgfﬂs&n QU 5ok
assenbly, or 'i‘§c°f@fec&§scsthat is nounted on the spin notor hub and held
toget her wt A %ea spring disc clanmp. Disc clanps can be either stanped
or mlled. Wile Mddemdiscldoingsstypicallyninclade i@ or mgreidispsanduated tpthesemt o

defl ecting the abytting dis¢ surfgce, they.are relatjvel sive to
produce. CondBffe %PF‘&?IS g 'é?r,?éé‘ﬂprf“é‘g? ﬁ?ﬁ?‘? ogbStvesh g‘tﬁ%sn,%c%ﬁﬁgoqgl%e

subst anti al | ydufies BPRNRévEBly 15@KAhORGAS T ralfok with thElscetudages.i Thet ypi cal |y a
circular spring-steel, sheet netal structure having a central portion and
a rib porti ordisss anskspaceesenolleqtively form diseistagkeasssmbly, of °E?°§n‘b‘,‘“§vith an
annular rib fornmed in t L ' A6 ing ral portion
of the | eaf 5%?“.“%°8?‘é°c$§1'ééﬁg}ﬁ%;&g@’gl&&%ﬁ“gﬁ%??ﬁ?mﬁggﬁ°ifa§ﬁ’ﬁent or

defl ected toward Dig oenpsenn bé eitheestarhpadpr nfidedyi Whilemilied tlagps iegnagbove t he

| evel of the annular rib, and, includes.a plurality.of screw holes spaced
symretri cHl | Wgé‘l)ﬂl&ﬁestsﬁ’é"n&é% &15?%#? g‘ﬂ‘ﬁm{gfp&“tclf@rfﬁ%w ar?‘ﬁ%g%vgg'ews used to
mount the diSgedsiva iPproficeN Conklventlpaniied 16h€ Epringldisc REuxpenliiet arpor t i on of

the clanp toward the 20 upper surface of the notor spindle as the screws
are ti ght enedmbstansialiyless expensivg. have beaome nonnlar. j hejclamp ip Wwﬂbﬁﬁ%ﬁ“m th the

upper nost di sc .surfac ' | N0 O hsC stack.
This type of ?ng'stgaa%ﬁ&?%tﬁgﬂ%ﬁmhtg E%ﬁ?g%%%gﬁiﬂﬁén%gggb ?g}%@aagrgﬁi S secured

with a pl uralneaythebutside diametet yftheclhy, With @i annulaf By Smnpdin the Epposivnar ound
the center of 25 the clanp. The majority of the clanping f.orce is exerted
by the ri B potfithesiampy %&%@H@@EP@%S:‘%%%“S&SFFM@?‘B PRy
reduced | evel ;wofis 6ént BPARBctEPioGard tAEEen@ b€ the cléhps fondiidigadedf eprirg aboveal | |
exerted by the rib portion between the screw lqcations. This variation in

cl anpi ng f or cle texel ofherpanylaryib, gndpngludesa plyralityjof sarey folgs menon
sometimes ref i t \iBR bf\fle clafp2 Thé hrdwiitlsed fdGndiaE fhkons  of
the disc 30 ngégngeg?&pﬁgg%ﬁtgl%gﬁsﬁg%ﬁg%ﬂgflsp aced.'furthgr than the
portions of tdisc elap siriziginglyrbend and deflect the central portion of the clamp toward the

20 upper surface of the mbtpr spindle as the screws are tighte_ped, 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 majq_rity of the clamping force is exerted by the rib portion adjacent
the screw locations, with a significantly reduced level of glé_mping 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 thé. diécs 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.




the.screws. 2 WD 01127920 PCT/US00/ 27621 Disc drives are subject to
external shocks and nust be designed to neet certain specified shtl bl
requi renents. The non-uniformclanping force fromcurrent disc clanp
desi gn requi¥Pd2W2Yher cl anping forces to prevent disc sIFFY¥IYR6t er nal
shocks to the disc gis:Uaydife dibffefth BitehahadiRuiln) R b6 esidie koREa ! he
severity of 5 "potato chipping.™ One solution to "potato chipping" is to
i ncrease the noertadn spetifindshit® requirgmantswIhe serpunifprm gum@gﬂq@e@owwtnp to
t he spin notor ,hu nor e Sscr are .uUs d Qse

t oget her, the §F€ & TeAES %mf‘pd]?%@gcleg%rpé%{fgtedgp%ﬁﬁqioﬁlo'fx 8l i nat ed.
A di sadvant age sijcks 1ol the difPdriaGHd the highert cldnfiing/ofcedmcradithe varitys€r ews 10
conplicates the manufacturing and assenbly process and increases costs.
Mechani cal di st'petatoshippingd he disc surface can, in turn, lead to undesirable

! | h | ' > | heads of
Uhe o se ™ arve g SAEstddut SRR LRI SEliferBl bbb B Cloubtify €S ©
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ts around the
ci rcunf erence atrewhased th scuredtic discaiamprip thenspintnmwiérdiubows smoté syewstaeed di sc, t he

signals used to reaqd and write 15 data on the discs may_.be . nadequate to
ensure reliabl &Y a’éetsB?"ég;81%@36&%3\59?“59%%%?“%?%@%3#é‘%%%%h:’f‘ér ed
with the currenbt dinfifiated. A BSadvanthdtOrtieapptaath Rithat e RESS1 ABRiohdl fekhe di scs
to the clanp. Current disc clanps do not danpen vibrations fromshocks to

the di sc driove complicates theimanufactyrisg andrasseabbiprocess gndiinrseages@sts.c| anp or set it
to "ringing." This "ringi Agdy 50 i I ' :

Vibrations in the di é)([:escgéfﬁcgl %%togiéaioﬁh%na{g%éér %g’%ﬁgg%ﬁoﬁggﬁsg&g%ri ations
in the read/ wvatisions thd eadiwtiecignals detdetod and tveritteh Yy thedeliisad the disccor di ngl y

there is a need for_a chani s hat woul d, re eyenly distrihute the
force applied (BYEhINEH %{‘]"S"E? ?t?’ﬁrﬁﬁnﬁll?élggﬁgé@“ﬂ%@ﬁﬁxﬁmée’ﬂ%e&q npen
vibrations in t4\g whil attémpHip to Rilow'd dSertéd Qisc, thesidria @84d 16 ReatiGiad site t hi S

backdrop the present inventron has been devel oped. The performance of a
di sc cl anp Ban deta onhedisse thap he inaddquate tryensure p data storpge adiecayilbe for the

center aper tur . Sugl el 56 bSR3 i B s e g 71 1 07
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
elamp 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
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di stribution of clanping force and reduces the "potato chi pping" of the
disc. It has 30 further been determined that a stiffening ri'b | ocated

adj acent i mportion which contacts the data di ads to
nore uni f&&fr‘f‘@?’fg’ri bution of clamping 3 WD 01/27920 PC%WJ? 21 force.
The i nvent i onphas TREkwaitRAEs alvantagisioeer ottt rechanismsiin thahitodstnotioes not
requi re additional screws, other parts, qQr .a significant change.in. the
manuf act ur i ngeqlﬁfe@éé%@PalAE’GWF’dﬂ%PWs’%%%gﬂu %}*’_ngﬁ’é‘%{‘]‘?ﬁéﬂ’?‘h W%s found in
utilizing a royghly S5 triangular shaped central aperture in a disc clanp
fastened with three screws to distribute the clanping force nore uniformy
on the disc. Anot hconlingly tan efpectrof therineentipnis foundin giliemggronghlyi f f ening ri b

adj acent to the nnul ar. contract surf | pCr ea Il ness of the
cont act su?fa@é“%ﬁﬁsﬁ?ﬂpg“%?p ﬁnafhgg?‘f%ﬁtzfe! %ﬁea’z‘ﬁ%ﬁ"g s(;“fr)ce. 10 Yet
anot her aspecgistgibute i dldising fodde tére ifdrmly agthe ditanpeni ng ring to the disc

clanp to reduce the anount of vibration in, the disc,cl . These and
various ot her featAwather aspegiafithejaventionis; n%??:ﬁe’- 2 R S S A

present i ”Venﬁdnﬂl}f %dulact@gnﬁ&%%%sé‘ O fhebLithd Chnfikt dubEcd Altlnidwé Ng.

detailed descriptron and a review of the associated drawi ngs. 15 Brief
Descri pti on otnifdnmlydistibutg thefelaBiping foea pl an view of a disc drive

i t f d enbodiment of . c clam | i th
Lhe pr osei P nuent Vome gt oBe Ryeiep i eftbde § pRARll BEIELAAREC )11
an expl oded Vg @ rediiceql st ¥f ibraoriake disscarp.y utilizing a 20 disc

clamp in accordance with a preferred enbodiment of the present .inyention.
FIG 3 is a separ atksspandysiens ofherfeagiesys wellas advantages %‘?’PE‘E)&PFPEWFZ ®t he disc

clanp in acco it v R iR\ e T thd Toffowihig dStailedd” aphi cal
representati ohgg%}‘?ﬁﬁgﬂt%:opghﬂp?ﬁgﬁ orceodi stri pgthHtTi on. of tﬁ'e di sc cl anp shown
in FIG 3. 25déstfiption and azevidvaof the associdtedhdrpwinger r ed enbodi nent of a disc

clanp in accordance with the present invention showi ng the optinal range
of sizes qg a central : Brief Description of the Drawings

FIG.lisa pléﬁ view of a disc drive incorporatiné ébreferred embodiment of
adisc clamp in acco_rdance with the present invention shéyving the primary internal
components. | )

FIG. 2 is an exploded view of an exemplary disc p_a_c_:k assembly utilizing a

20 disc clampin accor&anée with a preferred embodiment of the present invention.

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

FIG.4isa gréphical representation of the clamping force distribution of the
disc clamp shown in FIG. 3. .

25 FIG. 5isaplan view ofa 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.7isa cros)é—sectional view of another preferred embodiment of the

30  present invention having a vibration dampening ring installed.



aperture. FIG 6 is a cross-sectional view of the disc clanp shown in FIG
3. FIG 7 is a cross-sectional view of another preferred enbodi nent of the
30 present Ci_fé%enti n having a vibration danpening ring installed. 4 m. WO
01/ 27920 PCTIPIEH?D7621 Detail ed Description A disc dri VEHEYESHst ruct ed
in accordance with a preferred enbopitaiéd Deeripti€ present invention is
shown in FIG 1. The disc drive 100 TnclTudes a base 102 to which various
conponents of the di Adisdidrivel@0dnstretedinmerdanca withp prefereed ehibddinensdfown

partially cut away, coqQperates wth base,102.t orm.an Jjnt al ,
sealed envi ron%ﬁfesf"&r‘ m°‘{f1s§lt°“ﬁ‘r‘¥1§€($iln?§e @%&Vﬁﬁpﬁﬁﬁudﬁﬁ#ﬁé? % fle
conponent s i ncl ygRh FariGiRicBAtpéhelR bPihe A6 dEite 00204 RbRfled Netoplcot®104,d1 SCSs 108
at a constant hi gh speed. nformation is witten to and read fromtracks

on the di scs310shawwnaetigly chteawas.ccooperaies wittothe hased 02 tosform anyintenml, sealed h

rotates during | r'qg 5 f 2

posi tioned adj a%ﬂ@%ﬁ@%?@@qﬁ%%&gﬁggr agggtrlrlﬁl%‘gmﬁggl nc??{l&éés a
plurality of ackpifdlemotnd06 thitiotates ofe d>thea distsl08ratis cdnbtantiigicspedd)8, with one
or nore flexures 116 extending fromeach of the actuator arns 114. Mounted

at the distal Sfermptonisritioninandreadfromkacks gn fhe discs, wen thepsegfap ne| udes
an air bearing a&h&ﬁzﬁb@ﬂf@?&ﬂﬁtﬁ@sﬂnﬁé§ sé&,osérxtldnrhbeﬁ&%egg{%]n?ﬂg ya

above the correspon surface of the associated disc L
seek oper at i16n, asshmbly132 pogitianied adjacentithe diecsi188.0ThelarBiatos assembly d19 indludeshr ough

the use of a voic |l tor (V 24, which tyvpical |l y.d necludes a coil
126 attached toa?ﬁ’éﬁg%?{fg%&rggg%W#cﬁfﬁ? n%tg’w%#&ea °%K%d’3&hﬁ5?§r per manent
magnet s 128 whi edorefidxakes 1 siedending i sacl betheladtimtoraitdl MhBloasted atkBS i S

i mmersed. 20 The, controlled application of current to the cojl 126 causes

magnet i c i nt er adistabend of gachad theflcgursetl6ds Aead F4 8 dhich melndes qp air fearingi | 126 so
that the coil 1§ﬁ’deﬁ9ﬁ’aﬁ | e hAG 98 tAMFS st Prokiftiny WBbte the 9&&6 tz
rel ati onship. As the cglll% 536 noves, tﬁ%gs gr(?t uap'\(l)@ a%se% 11%8pi vot s
about the beari sgfwheafthe aseaathd discllD8, and the heads 118 are caused to nove
across the surfaces Bgﬁﬁghaesegllg gp%?ati%r?,%ie track position of the heads 118 is controlled

through the use of a voice ¢oil 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 controlled 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.



25 The spindle notor 106 is typically de-energized when the disc drive 100,
Is not in use for extended periods of tinme. The heads 118 are noved over

park zoneggokgfefpear the inner dianeter of the discs 10 e drive
notor is de-energized. The heads 118 are secured over S’ ﬁ?’izgzziones 120

through the use oA fiax assemblt 130 provades theerequisitpeieetricallédninectibh pithpfoedRnt S

I nadvertent rotation qgf t yat or assenbl 30 110 when the heads are
parked. 5 \/\oaﬁtﬁ%_ﬁﬁﬁiﬁ“qﬂé T %tglp‘v‘ﬁgf'?‘é‘g’?mgg's‘g actuptos agsemblyges t he
requi site el a¢0 Bty opeRHGE The ABx RaEBly 1930 inchRePEhriRédéincai D64 I1¥2 10 Whil e
al l owi ng pivotal novenent of the actuator assenbly 110 during operation.

The flex ass&hinhheadwires(@pt shewn)are eonneeted; thehead wirboheing rosedelong thisi ch head

wires (not s ; e P | na. routed. al ong the 5
ct uat or S macipige @G 1FPRRARE Alurds 196 RS A e, Bl Mol Skl ol o
circuit boar d32 typRally pichndes gircitrg forcbeatralling thie twrite fudtenB@pplied|th tetheidre Wi te
currents appli to the heads 118 duri a wite operatjon and a
preamplifier l‘#%&%‘?"?‘w’ﬂﬂ"ﬂ? §Pmpgg“69?@?ﬁif$ﬂgﬁfdﬁ1@ﬂﬁeads 118 during
a read oper atgéxwfatedTmhéh&asmmgxréa%peﬁﬁsﬁrimtﬁaﬂemwdisﬁx bracket 134

for communi cation through the base deck 102 to a 10 disc drive printed
circuit boar &roingies ghallex bragket k34 dor commumidation thraugh the bese dddk 1w  dri ve

100. The (i s . f. 2 Spin.got 06 in
spaced- aplgr t aﬁ? ggﬁ? %Fln(? °d/5@%{.ﬁ15 ﬁ%g‘? &é’% %&“&X%ﬁé\g‘i g’th%%g %ﬁﬁgs)%@f‘elégc are

al ternati vel drivd Hiked t ogether w th spacers 220 that provide the vertical
spaci ng necessary,for. a ator assenbly 15 function (described

herei nafter). The'®% ghygr@lse‘i?f"dd?gtéé‘u?ééoaﬁl%ﬁpé‘b@eté‘ﬂ“ﬁzl?@%ﬁe@ap%unt ed to
the spin not esshibR6 AV ilfuskdied HIFIG. Z 136Pdidsq08 TRAIEMRVeR) st%,*ké&tog&ﬁ 210 is
di sc shaped having an outer rimportion, a sheet netdl body, "and a central.
spring port i Sithipacers?d0 that prayide the vgrticpl spaging neoessaty far actuatopasssmily

conbi nat i;@n | - Cc I A di sc.clanp 210, can
be refer rlgd tﬁigcg{:f@%ﬁ?@% asse%iay%g?sré@%dé?qs?gﬁ%ésg?g aﬁ‘g}agﬁﬁﬁﬂmthr ee .
mount i ng scr ewsnied bt the spimmpton 106 vis d dise chaip 218. dhe ypical disdclahe210 to the
spin notor hub,.230 using threaded bor.es 222 in the hub 230. FIG 2 shows
the disc cl aﬁpdlsffgapiabﬁ\gﬂg #,oYtes Tin ROrtipn. A,shept B??@Lg‘?%ﬂd agfenira} 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  discpack. 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 préfefred 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 adj acént to the annular contact
30 b 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




present invention. The disc clanp 210 has a bowed central |eaf spring
portion 218 that has a triangular central aperture 216. The clanp 210 al so
has an annular rim 25 portion 240 having an annular contact rib 330 and a
concentric aWRAVEPStiffening portion 332 adjacent to thFEHHE er seen
In the sectionak, ri Esﬂrﬁ%cogcea&i afhular SHFEEH Earh&ﬂsﬁ%fdcaﬁft& e ribt he
annular rib 330 preferably provides the contact Surface' F. L. between
the di sc clanp 230 Ehedentiad pogipe 218has & srmgular ¢ehizal apgrovedks thetetbrougland The

adj acent stiffenin ortiqn.3 is.a concentric rib 334 Aadj t he
annul ar cont act scr?%“&’f‘ﬂ“‘?%@k#i%%‘ﬁ%"g& & ceéf%?ndatge g%éﬁﬁade%&'g?g gg is a
general |y cir cubidisdichenp18P THe si@eioiting holep21RaAtE RkeipdlascRw @d8 and a

peri pheral annular rimportion 240 formng 6 I!. WO 01/27920 )
PCT/ US00/ 27651 sk fiastan thedisc glawp 219 tothe b3 of the spinmnter108+ The disf ng

porti on 332 ad] aety1h Guchlnis s33fher ADeRlh biky Y Bl SBul12S 2

triangul ar centr aperture eret hroug nounti ng hol es 212
equi di stant |y spmanatihgtiobss 242 twithindiedentzd! pagtion 218 ef tRd discodlamp 2H). Basleof| anp

210. The screw nounting_holes 212 each receive screw (not 5 shown) to
fasten the di sc &S 6°k ef’Wé"“HPS“‘ESﬁ%’f“? pin motor 106. The disc

clanp 210 further i rghdig@Soubir SRHESE the ddhtriBipWRafs 286/ Gihindeyhe dgliafieARioh o CT €W
mounting holes 212 within the central portion 218 of the disc clanp 210.

Each of t heldcotheetampimforse exdrted bg therapulaysiby 330 against theidisc 108,which  The
triangul ar shap Al . 16, < | zati on of
to the cl anpi ng?“fdg%egéﬂg?é%g%‘y t %&%ﬁﬁf‘iﬁﬂ‘r@%@g@@%g?ﬁ%ﬁi di sc 108,
whi ch reduces ‘djtktiinefdie digeil08 duot clahping Sres]l 0B graphieal rdpheentation of thenp 210
reduces the distortion ofthe djsc. 108 due.to clanpi forces. ,A phi cal
representation & aF@%?W?f*e?%f%%MWnr?SﬂJ@Wpﬁgr}&ﬁ@&‘gfcr‘ilﬁﬁg*@n of
clanping force Qfha tdingGlar cértea] ap¥irfule 2 6'id dhawe i FIG. AN TREM GRS oF
aperture 216 is ;hovvn I'n Fl 4. The mai%nitude of 15 the cl g%?ng force

about the arlful the clampirgforce sbash tgranmparhS3A és shwn by thedeight of peaksi nposed on
the view of the di 3¢ 63T nel%w dFife diifhp 210° TRE Alpher thEpdik GRE Stbater

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.¢. 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 comer 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.
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the clanping force at that of the annular ring 330. FIG 4 shows that the
triangular shape of the central aperture 216 perforns the equalizing

function iyoh ys. First, the triangular shaped aper nor e
uni forMy‘g?sit%r)llg utes the clanping 20 force about the ank#@?o%égﬁl act rib

330 than a typi calAmnttlsr aspeetrf theSaventioh islilesczibsdbelow avithl referenttoftiy ce i s nore
uniformy distributed, the disg. cla 0 c the apount of cl anping
force necessa?’?s_sfs(?ct_l?r“é\/‘@ﬁ‘fQgﬁlhga‘siﬁ‘égglzﬁ“h#@qﬁeﬁe'mmenWd’t‘,'k _

requi rement. thBie clafp240 Ras 4 $iFfhig phi@idH 883 TIAHRARE paRidh 388ihdsq the disc
108 and further reduces di'sc distortion attributable to the clanmp 210. 25

Conput er nodestiffigping gibt33d pdjgesntand; intexion th thecnontapt rih 330e Thio Istifferdngib 3% for  t he
tri | . . . o] kcal si i.e.
ot or 0l o SV RN i Sasis She Al SorleABraleh Ho, InfPRERer 00 7¢ (' ©

di aneter of Irediting nomeinifeim distibaridr efithe clampiag ferce White infcomagwitythe haped

aperture 216 diameter is from 0.7 to 0.78 inches as neasured froma coner
of the apert uP® ™hrough the center of 30 the disc clamp 210, to farthest

edge of the OpposiA&i@%ﬁé&&ﬂH@ﬁb&ﬁoﬂﬂlsﬁo@ﬂﬁl&SS&s@m%i&w%f@e jsc Wthin the

optimal range, the nodel indicates that a dianeter iIs . /7 1nches achi eves

t he most substzmp 2H) prysenteid inFIG. di 4 dainipening ring #0Q ofxigsorejastiomaterial i¥ WO

01/ 27920 / e ect af..t.hecinvention.is, described bel ow
W th v ef ofoncQuitef e o Mkl he BRERRE oty o BABP i Ia0Rs nF o o,
The annul ar rthepmpode of disgipRinpfvibritivmalkinerry i thejdise ERnipad 0dkodt bétdrif)i Ng portion
332. The stiffenin ortion 332 has tiffening rib 334 adjacent and
interior to tﬁ‘?@%&gﬂ%&#“%@ i@)‘.’rrhﬂ%%ﬁ ‘i"f‘feé‘RFﬁBmFri Theglamponing ring 400 he

pur pose of Inaﬁﬂaaemmga?v insthé fik0@ssp 210 $¢Wﬂk§%m£ﬁ&sm% further

reduci ng non-uni formdistribution of  the clanping force I n contact -
with the di siscladiag the dissiclanpisresonantdamonicsi et shows iagoreidalor O+ting
cross-sectio i . hs....Cl.a resented in FIG 7. A
danpeni nguri %L‘E%‘og%‘%?%%“?g@ggpgg%% arfgcg‘%%grf)gslsgm%- N I within or
beneat h t he sdppfdpeinieieepss sdoticinlishapdmdaylbeiseti ng ri ng 400 serves the purpose
of dissipating vi lzhrlat I onal eng;r% igqtﬁi;}e di ﬁ‘c .clanp 210 fr.om external
shocks to the di sc®aFFREYLHEFETY P §E°8 e\)’é"*’&B%”f’&PY%‘."WGanpeni ng
ring 400 el i did\Adris (st A1 Gffor fBtehilia dind isé (BB H08) BVa dPRIThEGr

vi brations of frequencies ] _
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 cehtral 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 ciémp (such as 210). The

disc clamp (such as 210) has an outer diameter of 1.22 inchéé, an engagement
8




i ncluding .the disc clanp’'s resonant harnonics. FIG 7 shows a toroidal, or
O-ring 15 shaped, ‘danpening ring 400 having a circular cross section.

However, any ap riate cross sectional shape may be used. In summary, a
preferred eﬁHQdE of the invention nay be viewed as a FHTESY8Hp (such

as 216) for fasiep ngl?f toP1.328nskesSdRlgA MOt or  hub
(such as 230). %"ﬁgcdl SC C arrpg‘%téﬁo{ﬁ as 2?06’ as a?glgeneral Is circul ar disc
shaped 20 body mgdimmeﬁwmalﬁmm$am@-ﬁdmﬂ’&%mzll@)ﬂndand an
annular rim port| 240 central .pQ S

defines a gener Bi® ?al{léﬁﬁﬂﬁﬁ?f M%’%ﬁm 58’(6 %rﬁ“eagﬁ'g%g)ﬁ% C%t%: &t hr ough
and has spaced 3p@eHi4E,26 fathest %%?ofﬁﬁ%bposﬂéﬁété’ﬁniohﬂl@&mer(aich&@ﬂl)ure (such
as 216) for nounting the disc C such as 210 to a spin nmptor hub

(such as 230f. The rThﬁlpW%#S‘{@@CW‘QSW%)NF%P e(?Pchﬁﬁ 0) havieg 3 ont act
rib (such as 33 pplied to
the data disc g e}@&%@g@!&%@%?&&%}:@@%ﬁ%ﬁﬁ I SC %J#gg%sﬁﬁ“gs 210) has
t hree spaced aphaﬁnga&nﬁﬂuﬁmﬂastnb?(i&haasmndcmbmhmesnﬁmngpomoﬁsuch as
216). In a preferred odi ment e ri g cen ral, (such as
216) generally Pnﬁgg éné?ﬂ‘ﬁﬁ‘%éﬂ'\i*‘ gﬁe’tt’ia W“Zp gﬁ} t he
corners of the pgRLLKY, RAKIMhEps %é@foaﬁsea&wnu@ﬂnmmmma radi us
substantial ly egual to that of {)he radius of the disc clanp (such as 210).

The disc clinp @@u@ﬁm thg gin peztiondsnch a1 240).dInapeefarredgrubpdinent the gensral on
engagenment 8 W 3m9%£ %(}IE)%%%%‘S%}%%%ésﬁm{mgm%f lﬂ% contact rib

(such as 330) d ngul ar shaped aperture

(such as 216) dsubrahtdlytingelanshdped aha ttee/paded apettraaifshch py 2Ry aratmdth®. 77

i nches as nmeasured froma corner. of the aperture, thr h the center of
the disc, to faF?ﬁ‘@LﬁPeﬁ‘éfﬁé“‘ﬁl?astﬂ@%@F@Q‘%@W%ﬁﬁ?ﬁs&ﬁ“ﬁ‘ol e (such as

212). 5 The 'nvent'Oﬂlt&heﬁﬂel@%eHﬁeﬂﬁoﬁ%@nﬁ?b@v%%@aﬁcﬁ%l&ﬁ&?ﬂch% 210)

having a generally circular disc shaped dy having an annu rimportion:
(such as 2405 Ri®ibavinga sencrally sirculasdisa shaped bodyduving asarpaley rimpotiicent r i ¢

| ff h
330) . and & contes R0} 0 ¢ BT forBn 5 as Y1l AR Min a abiind fid Giids 0
portion (such ado®3fixsdas the aﬁnmmlﬁbrﬁdﬂ'(bﬁ@ras 2id) td Gmn&ﬁ)rétﬁnﬁﬁlthe

stiffening the r|m ortion (suc 240 In a, preferred di n
central J disc clgmp (such aszl()) Pret%rably, dampemn% ring suchas4eﬂ ?storgfdaﬁy

shaped, made of a visco-elastic material and is positioned against the stiffening

D"‘UJ

t he

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 altemative 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



portion (such as 218) has a central aperture (such as 216) therethrough

that is substantially triangular shaped and three spaced apertures (such
as 212) anpyltykrbfee central aperture (such as 216) each geqiusossfisi N9 one
of three fasteners. Alternatively, the invention also my be V|emed as a
di sc clanp (ssnmeadotsxsasmmphammawgemalomledispskmﬂﬁlt@theshaped body

havi ng an annul Hupelel laaportion (such as
218), wherei P %[a %rnlltb(r%gt[?lfﬁ"“ ls ogﬁg&(ﬁ&&sf%é%ﬁépgs?ﬁg glrl?ﬁul ar rim
por§| on (?Uchgmed%%l %hofjﬁthh?aiﬁﬁlarwnﬁca?bmtﬁ Nmnérhcsomar&nangémpyd lfm&hhas "
210 Prefera . the danpening ring (such as 400) 1s toroidally shape
made of a vi de¥leavhichwill W&F?%es‘mﬁe@%@émsf*é]ﬁgﬁﬁ'&é‘éﬁ%%“dtvﬂéc%%'ﬁ f eni ng

20 portion (S4edin @ﬁe&ﬂg@ﬂﬁﬂéﬁﬂﬁ %dggﬁeaidnaawanﬂa?gugh AMadgsuch as

210). In the pre erred e di ment npening ring as 400) is
fixedly heldaokimbin a stiffening rib (such as 334) in the rimportion
(such as 240) of the disc clanp (such as 210). It wll be clear that the
present invention is well adapted to attain the ends 25 and advant ages
mentioned as well as those inherent therein. While a presently preferred
enbodi mrent has been described for purposes of this disclosure, various
changes and nodi ficati ons 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

pl aced within the contact rib 330 30 rather than the stiffening rib 334.
The danpening ring 400 nay be fixed in place by any neans including, but
not limted to, adhesive, press fitting or nolding it in place. The
corners 214 of the triangular central aperture 216 can be utilized as 9 WO
01/ 27920 PCT/ USO0/ 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 |ocated exterior to the annul ar
contact rib 330. Nunerous other changes may al so be nmde which will
readi |l y suggest thenselves to those skilled in the art and which are 5
enconpassed in the spirit of the invention disclosed and as defined in the
appended clains. |E~.
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10 h,. .V:, is WO 01/27920 PCT/USOQ 27621 CLAIMS What is clained is: 1. A
disc clanp for fastening a data storage disc to a disc spin motor 5 hub in
a disc drive, the disc clanp conprising: a generally circular disc shaped
body having WO ar ri mportion and a concentric centreCT/ARSNRTI6LN, t he
rimportion having an annular rib for pressing against the data disc, the
central portion defining a generally triangular central aperture

t her et hrough and spaced nounti ng apert @iegmMs ound the central aperture for
10 receiving fasteners to fasten the disc clanp to a spin notor hub and
apply a distribut ed’%ﬁ"m‘ﬁﬁdﬁbrce through the annular rib to a data

storage disc carried on arﬁ‘ f°m§ﬁ%m€§3a*ag‘°fg ﬁlsgiosfd&é?[ﬂ:}ﬁa&cord' ng to

claim | wherein the tri angu entr apertdre general s the shape
of an equi | af erlaib it nidisn dtie, the disClelangicomprsiagrp accordi ng to cI aim1l wherein

the corners of the generall rianguj.ar, ce erture.arge cuy. ved 20 4.
The di sc clanp according? gg}l%ql]& PB#%%%@’#@"&?&WH“&%

apertures ar ounghdta@ndeRitc cortraP Pertibn! i 1B BoHtib® havir®Ca avhilg i for sidgr ee
fasteners. 5. The_ disc clanp according to claim4 wherein each of the

cur ved cornersa&ms‘tth@dﬂé%ﬁﬁqr,&ﬁ‘?&@&lp @M@%&W@g’mﬂ%&‘@#‘?m di sc cl anp

according to cl ‘ﬁ/gg%gig %F& rener s of
the central aperture I's su ??Jc??d{n sgI(“'l}&"lle ra uag%%pﬁ{%f&e t hree

spaced aper tr e&cenﬁﬁgFasteﬂ'dnetodmmthédwqxlaqsmra:bphgmbtoﬂniban&nﬂﬂy\her ein the
radi us of the c f t.he_cenfira erture. i s bstant a ual to
that of the rad‘%ﬁfg{’ﬁfd‘gﬁﬁpwg%“éf’@ &gi‘“\}\%‘ﬁ&i"z”i S"d%‘?%g?

the spin motor hub.

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
gencerally 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 comers 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.

11




8. The disc clanp according to claim| wherein the corners of the central
aperture are |located such that the distance fromthe outernpst edge of the’
central aRg§hidset 0 the rimof the disc clanp is substany] the same as
t he di stance H%rom an out ernost edge of the nounting ape%#ﬂb@n'f‘althe rim
of the disc clanp8.5 9Thé|'dhscdampacmbalmgtachﬂndlw}grmoﬂnebmnaﬁs5fmberei n the

di sc clanp has .,a out er ter of ~about 1 _22 jnches, ngagenent
surface or e'ft'aai? g’rcgt suc ﬂfﬁ%‘e%ﬁa‘?@%ﬁma ?F‘W%&‘F &haped
aperture di ali’faitfallalﬁli‘tufbﬁtﬁ@tﬂof&e'd&@hﬁﬁ)peﬁsubgﬁﬁtﬂfy%é(afn‘é%ﬁm di’l Of the
aperture, through the center of the disC, to a fafthest 10 e

opposi te scr M?W%B%OfﬁﬂmOWﬁ@gdpmtaﬂvmebﬁdﬂngcmpcI ai m 9
wherein tRe disc clanp has a triangular shaped aperture dianmeter of 0.77

i nches as neasured froma comer of the aperture, through the center of the
disc, to the fartBest Ehipdisodamhpaccomingso thins § wherekbthediso tlaig hiode. 11. A

di sc clanmp for f sc to a spln tor hub in a dISC drive,
the disc clafp %&?%0“&%&%@?‘@@@ P‘qpeé’éc%‘}% digmstsEof having a
central portilqns ifthes BitA fian mm&a%ﬁ&@&ﬁ&%fﬁ%ﬁ%ﬂéﬂeﬂs portion
havi ng an annular rib haV|ng an annular surface for contacting a data

di sc, and a @&sasused frore agpmmer ofitheapertare, thraygly thetcewser of theatisento 2 forthdse  ri b
formng aoSecan the rimportion, the central
portion having ;f%gg %Eﬁ%%@nﬂ ures around a center of the disc clanp

for receiving fasteners therethrough for fastening the disc clanp to the

spin notor hub. 25,12 Th di.sc cla according to cl al m 11 wherein the
central portion hg% L Red crcz;‘fm%?f&?‘gg‘ﬂé”’lﬂ’é‘?éf"ﬁ‘ digexclanyp has sc c anp

accor di ng t o ténghled shaped Hpeird diahfetet 610.7 Pinc Eda%hiéﬁs%réa% 3 /rﬁer%f'g@t antially
triangul ar shape. 12 ~l 1[Il * IIIIIIfIIIII ~ML1111111111
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 havmg 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
1ib 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.

12

Mgy




KI: “WD 01/ 27920 PCT/ USOQ 27621 14. A disc clanmp for fastening a data disc
to a spin notor hub in a disc drive conprising: a generally circul ar disc

shaped bOder%\U.Zi'@oan annular rimportion and a central portion, the
central portion-having spaced nounting apertures spaced aPORFRPO2E52] e

center of the disc td.anpA fise clagp Sr\ise@idpasdaeIBEco b 8pin hdtdrdab ffa &ike di sc
clanp to a spi,n notor, hub; and a danpening ring adapted to fit between the

annul ar ri m pofRYSHPOREENE data disc. 10 15. The disc clanp according to
claim 14 V\hereinth@%g@gn ' Iy} ' ' - ic.material
posi ti oned agai nst the st??i?(g%r%Q%gkgq_%@%%%gﬁhﬁgﬁgﬁgﬁ%n df‘n the disc
cl anp. 16. Thecditebpartiomfheaentnl portien having spaoed inbuntirey aperuredspacbdrpanid ng ri ng
is 15 toroidally shaped...17. The disc clanp agccarding to,_claim114 wherein
t he danpeni ?\g her?ﬁafers&%fel ‘Qsé’ﬂ?nﬂéTWW’Pﬁf#ég“ﬁ?%%smn%éhe@?ﬁ‘%‘E‘FR ©én of the
di sc clanmp. 20spifmofor@ii;@ng! anp device for fastening a data disc to a drive
not or hub conpri sing: di sc shaped body; and a neans on the disc clanp

for distributing di% ing rigp pdapied tafithepyeey theompelar rim pertian aadd data uni f or nl y
to the data stgfage disc. 13

10 15.  Thedisc 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.  Adisc 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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