‘;é3€&7"#$$.$0&6P&T&X_2DISC FI XI NG APPARATUS AND ASSOCI ATED METHCD FI XI NG A
DI SC AND MOTOR | N BALANCED ROTATION to 15 20 25 30 Field of the Invention

"tG000O2 This invention relates generally to the field of data storage
‘devices, and nore particularly but not by way of limtation to an apparatus
and associ ated nethod for fixing a data storage disc in balanced rotation
with a drive m)torDlsﬁcﬂd@ﬂb&ﬁ]AP%AMEUSMEQAWCIAQE@MEBH@D] dat a
storage devices such as disc drives are cormmonly used in a nultitude of
conmput er envi r ofEANSG APKGAND MQEORHN RALANCED ROPARION m t hat i s
readily available to a user. Generally, a disc drive has a disc stack
assenbly with one or nore data storage discs that are rotat emlmlﬂumw“lnwmm at
hi gh speeds. A clanp is used t&.f X Eh dis¢cs in rotation w il
Each disc has a data storage sHiSGeEthEIPVEREOY i a series of gewenat |y
concentric datq tr Wwh dat a,q t F R e faorm: netic flux

t ransinsti ons. Aﬁgtgt“g}%ﬁ%%rse%tgs %eél%@élﬁ%agaﬂ[{eicgogd%éaRéalglggg%lgéasngrg(g@g%e is nmoved
by an actyatar. [, L4 ' t urface to
stnge  neBhdlad PoaoFEh BAyRF k00T AH 750k 48 SRS AR AR 208 10
transm ¢ @lifghiduGAlorikonal f btk BIHARIA\CIARAREL hfoudil UX transitions in
witing data to the disc. The active elenents of the data trammmmmllllmmmmm
are supported by suspension structure extending fromthe actu

active elenents are nmaintai gk f ik ShaRgRnavay from the datgseghor age

ggﬁmq ) .
surface as the data transfer nenfber flies upon an air bearing generated by
air crrents celoden data stdragsdéviers sgcidasstise diives @ret ¢omunon]ytuseghid a n t he

i ndustry is, d a3 ing t ta st it d th
or ocess; i LB AP r R0 oiors BRRCTRYLRe i B AR of i ne
di sc_dri w@adifoRanasIens b Vserl (Rn6ANR d didN&H &S haABK stRRGsichbIf hithDnr ©

continually being mniaturized, data storage densities are continually
bei ng i noweasredatagiiragedisssdbal ad¢ mtatspbrd madomrashighrapaedsy Aoelanmg is ngadeased,

and data tr fer menber. fly . heights e gontinuglly being decreased. One
fosult ;<o BE Bhsal T Piph tieRe B, ke JFbRDE BBt S Cource of
Vi br afsi Ondigide®@ sntd b QBRI Qehertlly B ceneie daneicks @ReRfdatade s@r&Cinghack

assenbly. This can cause positioning errors making the transfer of data
from and feenohmagnaiic iy Eamsgisne. 1f the vibration induces too nuch

di spl acenent tgQ (trf L X ransfer h hes can
occur, likely fggagﬁaagb%g%égte?%hﬂﬁé%é@ gé ﬁ?‘}f@gg% rrrrléprgcgtr)y ?@%ﬁ@r@f\g t he
dat a st ortagelected podtiomusiidrlent thOdsta halrageaiurfycsiol sehdeahe Kiagneticifiuxdt he art is to
bias alternating dis¢s in opposite directions against the centrally
suppor t i HEFIEBesF imigadiag date fiasmn Hietiss pad © traneniiieatnicy signyfaiaindiesst antial |y
equaldy. 3hoHRndenB0ka1siifkS o Qi ab!8he dd MARARIYSEmBRE BRIHd ¥ OT
nmufti-di sc stacks, this solution s al so been suggested in single-disc

st acks bydatotripis&sinmgnizer spaspponahiyesusperdidnhstrudiuses. exfendingdchmthieage is t he

addi tional  prodyct cost .of the spacer gnd the.process ¢ | ex| associ at ed

wth the BRAndRsAE R aIPRe BrgtRER i A i S e SRR sl af egor | 2ed

gener al | yst@ragd 06Re hille ALt Misfer BIERWRYr AfbsaHBNAh aRbeiffSgdnelatddwy dihe di sc

stack to conpensate for an observed unbal anced condition from bal ance

testing. quFcsipeussddyshe sriniogPisasati on occurs 15 after the clanp has been

attac}{}ed’ SUChk%gmlPL%/ui[?é {r%%ﬂlgqge f’%ldcét}(‘:\ﬁis(%wa% e% rm%regg%gmeada(tﬁscha d bal anci ng
e a

wei ght. Al ternatrvely, i'sc's can’vé bal ance test ed W thout the

cl anp anccapadigninditbe poaesing spas WrilagdrthihiagRE eddudigtthepibalcansiee vfi ght as
needed. In all these solutions, however, there remains a need for inproving
t he mannépe gisc g5¥¢ anicapelyd thedatdrns e meanber anpthe disgs awrcoptinyallyser ve t he
observed It 1 g £ [ caused
by any. oderis Tia 40 8 Sl LSRN Sele i d0ey, BOGREE T be
assunmed ndgd spgediseontinidley eteintrepsd] andricerarsfer nivahetion figdrightsartor r educed
vi bration threshal ds make tre cl anp pl acenent, a si gni ficant factor. Also,

hi gh Yped@rinrdivdtests ds ORieRyHES AV ldagasse st iopast

met hodol ogj,88,f0r attaching the clanp so as to be registered 25 with the
axis of rotation. In sone approaches the clanp has a central opening that
recei vingly engages the outer dianeter of the nmotor hub. If the central
opening is sized in a closely-fitting mating relationship with the hub then
the clanp can be precisely | ocated. However, any scraping action of the
clanp against the hub can result in harnful particulates that 30 interfere
with effective disc drive operation. @ontrarily, if the central opening is
sized for clearance with the hub then the clanp nust be precisely
positioned before attachment. O her approaches recogni ze the benefits of
attaching the clanp with a single fastener attached to the rotating hub.
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of the clanp to the hub, and require an oversized cl earance aperture
_through which the fastener is passed and joined to the hub in attaching the
clanp. It has been determ ned that an inproved single-screw disc fixing
apparatus is possible wherein the clanp nmenber is provided with a reference
surface associ @h&sbupce\bft ibialien 6bBBPE%I B Rit-of-BhlahdedibndRidd of tHeadibener nmenber
is provided with a registration surface that is matingly engageable with

t he ref erdakeassamiflyc dhisxan sperepgbijioningsrossmekiag thedravefer ehdatadogsed t o

[ I | at,i . | ongi. t udi nal hS.:0f th . Th
Fact ener o ERNe beafeitCirefs BordRTind Sl BT yipeetel BIERR 1 (e

ot or axi & thé dst@tr@hifomemmber el Reddneaded CaI W¢aITEREY oaﬁkﬂn%tlzhﬂﬂge t8She
exemplified by 1 o the description and appended cl ai nrs that enbodi nents of
t he priesedtia rpRAGTIMAIRDY endering theednta storagp dgvies urusablenvent i on Enbodi ment s of
t he present i o0, ; [ ; [ I ; Jfor fixing
a data stor aggé g?é%:lgll&rllﬁé %‘%ﬁ@ﬁ{o\%ﬁg} 1%9{1%???}53& b](;)dfs)%g@gn%? gga{sﬁ‘}a@ solpi’lésfl%t at abl e
around a dimdconsagamsdthercontdllysupportiag tadtar mibaoageo ditibuee thelistaldise fi xi ng
apparatus conprises_a cl engageabl e wi.th the hu onprising a reference
sur f ace a@%%éi”ﬁ%t%f&‘a\’/\b’teﬁuﬁ [;garewﬁ'geaaat%r Bs plgettiran ?‘“%H‘ég*tﬁl%?é Prmariky

appar at usgf ! HEESo18t r JoS B i St k] feature
cooperablsfg VH\{uEtEa{Sﬁg&rmgs;’eren%gnélﬁﬁs:%%be%ﬁg? %éeﬁ:g‘{eg%é?ngogills aﬁkggﬂabl e to the
not or10hubbifsixg mgpachemeinber anddhédisc.i A digidabntege iatie addgistibpiodycettichat cl anp to

t he not or is of raotation. In one, enbodjnent, of the. apparatus the clanmp is
adapt ed f‘bf%%ﬁ%’ﬁ?%“ HE@P@PF%FPWPWYFH@CI%‘H%H]er%‘l"s‘ [?rQC%Fm’tshe f ast ener,

and in turn, igh&HamEh SQHOIARA A bE @a&%ﬂﬁz@a 'g&{eranpy dshBod¥hRTad@ ks of
rotation. The clanmp can conprise an annul ar contact” 25 surface pressingly

engageabl remagaamsmotiten fanass ta frdmabedsasiack todanipenbate fdrampbserived of r ot ati on.
Enbodi ment s of the aratus contenpl ate the reference surface defining an
opent ng. riezaRorsy GG B BN BN Mend® segF stPa g TPERTUPE OFFTS ol osel y
fitting reeaticuahp Ras SeaRudched, fuch Gl bﬂﬁ@échmgtéangoml@b;épﬂfamrmfoo as to
mai ntain the clanp 30 registration with the fastener. nbodi nents of the

appar at usadfibataneingdomgldnpilerativble, theglisststaskicembe balpugededehpitheitibe a sur f ace

di sposed parallel to the fastener l.ongitudinal axis, such as ylindri cal
et st r att BRP Fabessr i dPeTEcaR Tiaddey B SHE Do iR IR ARRR°E i r cul ar
openi ng. The rgfgingaesobtivhateweas, @\%recﬁ@ﬁfaﬂﬁhﬁfekﬁﬁ’drqﬁig)kwiﬁgﬁl@&;ﬁzﬁm@xﬂd

t hereby receivingly eng;&gabl e wth the registration feature in a point
cont act rafipasitionssiapd afteshi methewiaap inmsderdgipraserye ithsrotiseryed palaset termi nat e
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rough al idame ndlathead thieaxioofmwotsiongoald bepsninngt whetipibédinkiife tdaentglastop

recei vingly engageabl e wit removahl e to | ocatjng ne r that is passable
b ough (A S odE SR RbIeU oY ROBHEY RUG DL HESE iy and hab
rotation., keRodt MeRhicaht ffa&@r.aRBQrlﬁgh'§pJeHrahﬂﬁﬂat€@£bE€rﬁﬂBf§ﬁ&h@dsQﬁE@”C' ng

wei ght adpded to theé clanp or a bal aiicing wei ght renoved fromthe clanp,

such as doday desfiandavbust metzodatogeasifer dttaghing trodmp snesltodreckegistesed t 0 oper abl y
conpepsat e,.}flg{e rota}iitogal 15 i nbal ance. In another aspect of the
enbodi’ment &1 B ARLISPBYRKt i nvention a disc stack assembly is provided

conprising a NBtsemeG@PRatifdsMEe daibhal Qtaitaldberh@thabredeiRMiohf eribss Of
o o Tt e o g s e ol B 1
mating relationship with the hub then the clamp can be precisely located. However,
any scraping action of the clamp against the hub can result in harmful particulates that
30 interfere with effective disc drive operation. Contrarily, if the central opening is sized
for clearance with the hub then the clamp must be precisely positioned before
attachment.
Other approaches recognize the benefits of attaching the clamp with a single

fastener attached to the rotating hub. These approaches depend on precise placement



provi ded conmprising the clanp reference surface and fastener registration
feature 20 fixing the disc and hub in rotation and registering the clanp
with the notor axis of rotation. In yet another aspect of the enbodi nents
of the present invention a nethod is provided for fixing a disc in bal anced

e pre: ' | | an
- mot noh b 8 88 Sulkiate & O hed R S BRI B Hebc o7 once

surface alssfastea¢rdsl padstdiamd oldno the lubdh attadhadd BB clahggi stering the clanp
menber with a _| ongitudi nal axis of a fastener; aligning the fastener and
cl anp t oget herdt §asthsen detenpined HiahanimprenedsinglpscrensdisnBXing gPp3iaiup il so as to

regi ster AP T RIERS: ' : | leOnN. -I;ta%se and

vari ous {O%Z?lgf eat&res aimwepxbtggﬁﬁg‘éﬁ%%gﬁtg%v{ﬁ{% ng%:g%xjrféa%gtagsﬁc%e t he present
I nvensi omwitli the claenpegyisis Brotatioppandraefasteng mémbdids prolvidediwith dhektratch
description and revi ew of the associ ated dravmé‘rigs. 5 Brief Description of
the DrawSHgeceHR# is mafiggly eggageablayuth he sefarencs wiffase- Aceridingbt Sieage devi ce

const r ucteggerdePnRAfHRF L0 rt&‘re?ﬁbé&gfl?és)@&g?g%lﬁme ttokheloﬁ%iﬁﬁﬁr%ﬁ akdbeRfed on. FIG

2 is a cross-sectional view of assenb taken generally
al ong t hdas@wet.i Ghe fasteeeran tidn el aBtached tbahd-huh sd3asi te regiger the alamp texpl oded

el evational vjew of .a portigon of the disc stack,assenbly of Fl 2. FIG 4
s hn | SOHETPIE Py iR ll ) B e fmpiogemant nD ety 5 HPUBHARY (¢ vi ow of
the figst Qﬁ@deseﬁptﬁinqnd?apggﬂc@d cBritn§ 10 cRBbALRAL HWAprescdt irfveRQS 48N of the

di sc clanp assenbly of FIG 2 1 s illustrating an ‘arcuate reference surface

mat i ngl y demefadi ng the registration feature. FIG 7 is a block diagramof a
met hod of fixing the disc in rotation with the notor in accordance with an
enbodi ment of the present invention.

Summary of the Invention
Embodiments of the present invention are directed to a disc fixing apparatus
15 for fixing a data storage disc in rotation with the hub of a motor that is rotatable
around a motor axis of rotation in a data storage device. The disc fixing apparatus
comprises a clamp engageable with the hub comprising a reference surface associated
with the clamp axis of rotation. The disc fixing apparatus further comprises a fastener
comprising a registration feature cooperable with the reference surface. The fastener
20 is attachable to the motor hub fixing the disc and hub in rotation and registering the
clamp to the motor axis of rotation.

In one embodiment of the apparatus the clamp is adapted for coaxial
registration to the longitudinal axis of the fastener, and in turn, is adapted for coaxial
registration to the motor axis of rotation. The clamp can comprise an annular contact

25 surface pressingly engageable against the disc and concentric with the clamp axis of
rotation.

Embodiments of the apparatus contemplate the reference surface defining an
opening receivingly engageable with the registration feature in a closely fitting
relationship, such as a frictional-fitting relationship so as to maintain the clamp

30 registration with the fastener.



20 Detailed Description Referring to the drawings in general, and nore
particularly to FIG 1, shown therein is a plan representation of a data
storage disc drive 100 constructed in accordance with an enbodi ment of the
present invention. The disc drive 100 includes a base 102 to which various
di sc drive conponents are nounted, and a cover 104 25 (partially cut-away)

whi ch toget herghdfimbhe 0?2'?3%5’}1{%“@%&&?@%@@ gxlgggéﬁ%}at{ogr%gg encl osure

providing a sealed intern Vi ronment rirve Nuner ous

detail s QonfrRRa suffaSCdidpdbe p&ﬁﬁeﬁ@@&tfab‘tlg%léxﬁﬁ%%'\}f]ﬁidl%xig,%h?@?ﬁi in the

foll owi ng description because they are we to a skilled artisan and
ar e unnecsfiidioal fepistarion feheurs fanmde Rathof refdiendRsGBeY ddfiwid éijdilar®  Mount ed
to the base 102 is a disc stack assenbly |06 conprising one or nore discs
108 st aclopdniagd The ceferedcd surfacervdmbe {inbartstistiediDvdrclite andctharebyri ng 110 for
fixed rotation. Wiere a plurality of discs 108 is stacked to forma

muf t i 5di gecestingly eagageableyyitlaiie acgisttatioh fesure(B a pomt typact atlhjorshipar at ed by a
di sc spacer (not shown). An 5 actuator 112 pivots around a pivot bearing
115 in a fwtheenqras the redistrapon fieatute saw tehdateTinamaarcuate sirfacd opdrabdyact uat or
arms 116 (only one shown in FIG 1) supporting load arns 118 in travel
across t f8gegcabls wigpthg seferracesuripge ot 2 making 1e181anshie. adj acent the discs |08.

The | oad arms 118 (or "fl exures” re flex menbers that, support data
transfer rrerrbe%“él?o‘é%ﬁ“%?}F@QBF\#‘*‘S&W&B@GT@ tga §3‘)§‘,‘mﬁﬁttfﬁaté‘§ch of the

heads 120 10 . bly .interfagci ti di 8 i dat di
B i ¢ ioRGPraREen gweing SRR e S err el el pgendubidier ( not
h hayi i whi,ch bl t.he head 120
o anto, e AL AR A AR B AR R ST BB RO RE TR e ng G oce
108. Da_t %fﬁ@?%aﬁ’&r}wbq?%tgﬁ‘ s are transmtted fromthe head 120 to a
I'er y ele

preanplif ctrical 'traces (not shown) extendi ng along 15 the

actuator 1 I2-Emmeﬁtsbbmedip§&%tds%ﬁ@%oﬁte i £ bR WREHPRIRANPT i Sing a

data storage surface 122 divided into concentric circular data tracks (not

shown) . Ege¢he Qhmp BE 2 BERASInE FRighk Rerk@Rh it B AdthRGREN aa fefiePRGER, Ve desired
data track to read data fromor wite data to the data track. The data

st or age sohefageeistichllypasitibgedaidnilad tb operably\cobiperatafoe rstatidrat | andi ng zone
where the heads 120 can cone to rest against the respective discs 108 at

t i mesiswhambbhacai scs 108 are not spinning. Alternatively, the |anding zone
can be | ocated el sewhere. The actuator 112 is positioned by a voice coil

mot or (VCM) 128 apothpr aspectepf dhre erhlawtimenta of theipreseB0inzerdioa andigmebadkc ci r cui t
source. The magnetic circuit source 25 conventionally conprises one or nore
nmagnet s AspARRllY écipToyided gprapTising 8 Ieaior eomsisplsct hub totataley Aopné agatetui t . Wien
controlled current is_passed through the actuator coil 130, an

el ect r oneifefiretafipR math; adise lslﬁfﬁe‘gﬁ‘foé‘PQ q"ﬁ’g’- v fisC fixmeAREA@IYSAS ci rcui t and

uat or. .co nove. 30 npves, the

[ he . .1 130 il
et uat o Wovae SpURE g i SN prieCu g Tt oI homus. 120
tot | th ' 08. The di | [ t he di
108 4 o WOkt Rdh bR i 5o et ol WP SR BB I 2T o e

dat a storrggd@iogurface 122. FIG 2 is a crossb sectional view of an

illustrative disc stack assenbly 106 conprising one disc 108. The disc

stack assenbl wng}feﬁaxﬁdtﬁaagmsmeénﬁomcéms Jiafle PRGN IvnlibPa ARehdANgT abl y
a

rot at abl e aroun ongi tudi nal axis 154 (notor axis of rotation). The disc
108 has ayreeiatd fdr PSS 4 8is€ inlSdarichd eatilonWith A rétafi®ld HubbfAfmbtoeadduhd | 52
passes and the disc 108 is supported upon a planar surface 158 defined by
anot her pombiodAxBfoftrbtatién THORethdd chihfises 2praniding 4 tlemptniatieera cl anp 160 in
an installed and uninstall ed node, respectively. The clanp 160 generally
conpr 15s e scomprsinty atefaempautfagoassomated ¢2hardamp exinbéoitatpoy; régmterig? dependi ng
fromthe support portion 162. The contact portion |64 is operably
engageabl the algaipmaembérevith 8 dong@iadingl axiiseof standrealigninipthe ffastengganche di sc 108

and hub 152 in rotation. It will be noted that the clanp 160 is a spring
menber sud#mp together with the hub; and attaching the fastener to the hub so as to register the

clamp member with the motor axis of rotation.



15 that in the uninstalled node the contacting portion 164 forns a
.generally conical cross-section depending froma substantially planar
central portion 162. In the installed node |ongitudinal attachnent forces
applied to the support portion |62 deflect the contact portion 164 relative
to the support portion 62 to exert the clanping force against the disc
108. 20 FI G Ahege £ vabioi®btheCrediufd :fwdlNR 1Al ARl GhidH cHakderiz3 tRnd 4,
illustrating a characteristically disc-shaped planar nenber extending

radi al | y ptgsemniavengioh mdll baappard@dipbd réaditigsdfahe i idd8etaifll dep&rigtiohe, such as

an illustrative circular aperture 166, is defined by a reference surface
168 and iasd esvseyc phthedssoiciated drewlganp axis of rotation relative to the
central axis 163. For exanple, in one enbodinent illustrated by FIG 4 25

the reference surface 168 defines an opening 166 di sposed coaxially with
the central axis 163, such that the opening 166 is centered around the
centr&l axis 163. In thi sBrieIflMﬂéD‘ii%Oféthbgblanﬁngsthe openi ng 166 can be
used to register the clanp 160 for coaxial rotation with the central axis
163. Al t er nat Vel 1S 2 Hacapemtis plareyew o adatastqragg deyice qoaptgydiegsing o t he
central axis,163 sgQ as to re ist?ﬁ the clanp.160 for eccentric rotation
rel ati vea???r‘tiq{’éeévé&‘tar“aﬁmbﬁgi”gg’ltﬁ. qRresHf VBRIt ed that the opening 166 is

imlarl i d wth t I . t t el
desi gnat e 10 haieotTelrd vBREe e Rish S oot RERREE W at 1 ona
[ tia. - ' 166 [ nmbodi t b
hgﬁzohgeﬁﬁ%éﬁ%&?ﬁbfhgé ggn(fqﬁ‘g@! g'gi S 16§a?0| Brg\r/]?dg ag ;(r:rggnt r?c bal anci ng

forcey This cabeiaflaniRISIANERGLNE yihogr dfibe oPiB%RE siglative to

the notor axis of rotatio openi ng ew se assocl ated with the
posi ti oni,0gnfy bhErceentact 1 o portion 164 of the clanp 160. For exanpl e,
the clanp 160 1 n the enbodi nent of FIG 3 conprises a contact portion 164
conpri sing a Fu@ss adn isdthytrieridwoapmalclamPoraaGl32 adj acent the distal edge
165. The flange 172 defines an arcuate contact surface 174 operably
engageabl e agail@ss iddmeisstheteic 108y bMtha fastengt of Pi@.13t cont acting rel ationshi p.
In one enbodi nent, the flange | 72 extends annularly and concentric with

t he openi ng 1FIG66 is 48 dBlardyd dasail bhid porhien o€ tierdist Aaop assemblyco e, 260
eccentricity, if any, determnes the |ocation of the clanp 160 interface

wi t h 16 he idisteting gn aichata mefeteace surfrge imatinglytangaging thyaregivtration fepiyee.
concentrically with the central axis 163. Returning nowto FIGS 2 and 3,

t he disc stacﬁ:lﬁs?;eﬂrmblyclié@g\‘am ehemethodef fixing the diss irpsationopith e j oi ni ng
the clanp 160, to the hub 152. | n one 20 enbodi nent .the fastener 160

conpri sedneiokiyaceprdpngesritiodn HPedigRNLRS the, At &VFaHOR52 conpri ses a spiral

t hreaded bore 202 receivingly engaging the fastener 200 in a threading
engagenent. FIG 5 is an isonetric view of an illustrative fastener 200
constructed in accordance with an enbodi ment of the present invention. The
fastener 200 has a head 25 portion 204 defining a dianeter greater than the
centrygl aperture 166 diameter pilGed escﬁpﬁl?nthat a bearing surface 206
operably pressingly engages agai nst the clanp 160. A tool receiving

feature, such mSeding® theltrabid §hﬁ%e%§fa"r’,rdn8trﬁ(§re Qﬂﬁi@hﬁﬂg’:@@?ld}ﬁ',@lov}n) i's
defined in the head 204 in orger o affect engagenent of the fastener 200

(such as théteiniif g phintropresshediona i storage disd evd BRI enetruct@Dinf ur t her
conprises a registration feature that is engageable with the reference
surface kobordicewith an ¢ralgpdinent oTghd present aventiGi0 Tled ditd drévet W0aintlades t udi nal
axis 208 of the fastener 200. For exanple, the illustrative fastener 200 of
FIG 5 carhpsé $éXStoawhielyivatiowtdisndriveaompen@isatcanoungeda agdia tavss 1@# sposed
substantially 5 parallel to the |ongitudinal axis 208, and further

char &6t er(partidllnsutsavey) whith teg¢theruwitiathe basg E92andg Berisrrjerogaskdt oW i n t he
opening 166 in a closely-fitting relationship. FIG, K 6 i s _an enl arged detail
of the f&BtlonEe PIOGdiBEEsadrd nteralgayiroRmentitppths disc deive 1080 NUBFTHiSessi ngl y
engagi ng t he cl.a 60 agai the hyb 152. 1t wll he npoted that due to
the cl osélefpilsiof g¢ a:‘I]rdé-‘ic Vﬁﬂz)hicﬁnﬁfucflﬁ%a@l’Qﬁﬂ‘ci‘%déﬁﬁ‘eﬁﬂ OWBEt ener 200, the
1 oclanp,is.reqgistered to the hub 152 hy.the .attachnent of the.fastener
200 to tH@SWI(’%@f?aulsﬁ ﬁéerw\%?ﬂ%‘yn?%%%nf‘gmg %&?nélnﬂrf’nge%%rycﬁoéar ance for
the clanmp,_16Q t o t I r tive to the attached position of the
fast ener 200" G%Fagg}eh%gqtgllﬂ%&%%gurﬁgﬁﬁg Fation feature 209 is engageable with
the reference surface 168 in an interference-fitting relationship,
establishing a frictional force 5




15 maintaining the clanp 160 registration with the fastener 200 before
attachnment to the hub 152. This arrangenent lends itself well to an

aut omat ed assenbly procedure wherein the clanp 160 can be registered to the
fastener 200 at a subassenbly station away fromthe data storage discs.
This prevents any particulates resulting fromthe interference-fitting

rel ationship fNigMiEdRd th88adn 02ris Q@FE st a %%ff(%r risle RfeSor e 29

illustrated in FIG 6, any particulates resulting tfromturning the fastener
200 duri rigscalb@ctasksdandisbéurt@id a MBToF(@Nnbeldt Poypa @lhﬁl?rrﬁfgcﬁo%f)ﬁ%@ wi thin
the threaded bore 202. Wiere an interference fit exists Detween the opening
166 and trbmtioegWaiered plarliteaf dises 89s statkedad fhren aghdiirgeades t o support the
clanp 160 so as to prevent rotation when the fastener 200 is turned during
t hr eadi ngsenjdgedmetntuiisch 108 eratypicdlbpsephratétfbyondise spacsit (nat shosvrgndadi ment
one or nore apertures 240 (FIG 4) can be defined by the clanp 160 that are
recei Vi ngktpatond 43 pvotscaraindha piveehmaviap (15 ine plaheganabieltie the disasH08s a | ocati on
pin (not shown). The locating pin_can be passed through the cla 160 and
have a dildeartuated 164 §agyecniter aunsH 18 tondp ene shawin FIGE1 Guppprting lease hub 152.
The size of the_locaii ng pin. relative to the apertures 240, 242 can be
sel ect ed ¥HS bF By trivs! acrBisghs discsl (Feasi the actugtar a1mp 146 meyspdiacenigherent of the
e fastener 200. It wll

be-not ed 45 APes e (3l sEmanf¥ (o@babenfy ) EREK Tyuthers Mot 4 ialsos 244, 246
where 5 AHE ERREeR RIS A ARTAE (DT bl n P R bt Poaat 1205 0
"ot a0 aPeR PRSI heh LCIORN  SRFl R ot SRR S
2t L ached, T TR PRy SRR O D e e e R AR ace 160

and the tghiflegpethdkhiors 2Rd a8 1209niafd atlasehfiddbRaihdiesy Af 8Pl y the

registration feature 209 termnates in an arcuate surfiace 248 operably
engageablgenwaiel biyhRe sgheingaies 508. fRAe rd@Gnid write BRghhRGrd RARMitdiSHéR. Thi s
facilitates centrally disposing the fastener 200 within the opening 166.
The di sc the heéadd 28pp apadanspldes ¢21 bedlebteical trembo(net ghovdy) egendingiadamgst ack 15
assenbly with significantly inproved rotational bal ance performnmance

char dcét erthsadteggor 112. one preferred enbodinent, it is desirable to coaxially
align the cla 160 with the hub 152. This is likely the case when the disc
108 i s centergfguchpéehﬁﬁquéoﬁdms 3 9ota SINERESITERIAG COMPEIHEE 8 slats %ya8%6 woul d be
centrally positioned in the clanp, 160, such that the cl axis of rotation
i s coaxi #urfare e duided mip cersenirig citgylag datg sracks{got %@Wé‘&e%@b“éb@ woul d

f o regt ot a|§F %H%ﬁrr%fg*ee{dz%@%ﬁeasrﬁéieﬁﬁﬁeeigﬁﬁ%ﬁ‘g%t?h%f%?ﬂere"i fgta .19%2”' oraer
200 1 i j

astener 290 A Bl A5 B, A BIEtof Bl Hii P ESRIBA LRI SLom

ACCszt‘E!' nq’! é{rcilg% lﬁg%dng v&;ﬂeg th? he&cﬁ‘q 2§.‘&1§? Forﬁé &ére%%aég%ﬁﬁl‘e%% %étflve clanp axis

of rotation astener longltudinal axis are coaxlially

al i gned. d%%%@iaf‘ﬂm%@wﬁéﬁ%eﬁisc@‘ib@§1Ferfﬁﬁlgﬁn£i% t DGtef BBy Jardlinf 1 buti on

can be maolle to conpensate for rotational |nb§'l ance. Fof exanpl e, bal ancing
wei ght capnbeams¥iRdate® clsb®h&kanp (not shown), or bal anci ng wei ght can be
renoved fromthe clanp such as by defining a relief notch 252 in the distal
edge 165. 10 Theheuredradliepssitialedbya yicswiltmotoy WCM)128 comerigihgt e a di sc
drive conprising a base, a notor supported by the base conprising a hub
oper abl y ancflextradal eoihil 3 matl anmagnefictainduit aburasi ‘She magieatic aficsipeswde ar ound t he
hub, and means for fixing the disc in rotation with the hub by applying a
| ongi25udiqeaientioanlby pomprizes ene ot inare wagneksesupperitekhy Magnatigmetesée of t he
present description, as explicitly and inplicitly described in the

i |1 ust r atdompleipthsanagnetie ciieribi Waso venteplgdionrrenitis aassed throughehe sty y
enbodi nents set forth in the _draw ngs, the neans for fixi ng cont enpl at es
ot her equiodal38ntn elspramasnshc fighdds &t Apdnsrastingyith shgmagustic sireud apdince
surface assaci ated with i.tioning,the clanp axis .of rotatiaon.
Furthernnqalé?‘ngﬁlfar?&%i’f&rcf’ﬁﬁﬁbit%m%'e'l‘b‘é%eo"rﬁ Iczﬁ’i(le@()é%vc?ai At'4%Qherein a
fastener conprising a registration feature is engageable with the reference
surface, and the fastener is engageable with the hub so as to register the
clanp as desired relative to the hub axis of rotation. Accordingly, the
means for fixing expressly does not c%nterrpl ate prior art approaches
involving a clanp with a cl earance aperture receiving a fastener nenber,
wherein the clearance 15 permits the clanp to be positioned i ndependently
of the fastener position. FIG 7 illustrates a nethod 300 associated with

N Y L Y b1 e I r



The fitting relationship of the registration feature and the clanp opening
is 25 determned in block 304. For exanple, in one enbodi nent an
interference fit is advantageous, providing a retention force on the clanp
so that the subassenbly can be noved together w thout disrupting the clanp
registration to the fastener. Alternatively, a slip fit can be advant ageous
to m ni miAQ pvdtt iouh@tiRpilétPRbiRe] B cARINha GtdddN 200 BAvdIAERLS Aeence fit.

11 Wth the |l ocation of the opening determ ned in block 302, and the size
of the opksusn@8and the registration feature determ ned in block 304, the
clanp and the fastener can then be provided in block 306. The registration
feature i s endtwatisomtadik astemblpfl 66 epiostteulifcad 08 ana highclecdln thsheads t o
register the clanp to the fastener. The 5 fastener is then attached to the
nmot or i n 1B0deads3er from end eritesolataeigithe data stogage|sarfpca 2 HEGndioa crobs summary,
t he enbodi ments of the present jnvention contenplate a disc fixing

appar at usestinnal vigw oy an ilgirative dise slackipssembly o8 camprigng ong disstl@8i on with the

R T A T B
L RO PSP s DL b o D%
o207 okl S SRS OB ARERIRL 7 T B ERD
co0Per Al ol Uphl a SARF ERPRe 145 18R ANAHINE pbABLGNSHC iy A achabl e Lo

t he hub, I'sC an In‘rotation and registering the

ol anpygt o the LS >ad 3 iftisu W AlIhAB 163 I alt | RN B BifndEiARI Rlad Or coaxi al

registration to the longitudinal axi astener and, 1 n turn, adapted
for coaxirgdpet@@ipt TRS E1aiptiG0ighRerB} &mprtdes _aQEntEeﬁQh%idr@édrﬁGn 1d0end £f erence
surface preferably defines an opening receivingly 2o engageable with the
regi st r atdoatact gation €64 deprn@ingSRiny theisuppdtfpsreibAtl 6DNTHE Portatt Poftfon G4t not
limted to, a frictional-fitting relationship. The registration feature can
conpri se iaoperablgecagaiesipo sgaingtahadisell 08 m thtinstalet enele, fixingitheudsan B8 axi s,

such as but not Iimted to a cylindrical registration feature receivingly
engageablaadkiub 152 imratatianu | Iawilt k¢ rotedthat therclanere 1 60Tise spaihe memhst suphf ace can
25 be arcuate so as to define a point contact with the registration

f eat urSe. trddn thegininsigadanodedhe contactidg podiiarmkidniormas g eenasdlysgpnigatuat e portion
mati ngly engageable wth the arcuate reference surface. The enbodi nents of
the preseRPsSrseviaoh deapsnding dieay #eytstantiplieplanascentzal pogionstoe ndh& enbl y (such

] i Si he, d di fi L i .t h di
T SR S Aol BB oo
cont TP i e BSGH  Be SARE Bl o 50 o

| ongi t udi - L £ O, : ssociated rotational inertia with the
nmot or axfgﬁg?ﬁéggg%?gﬂﬁgyﬁghgp gginents of 5 the present invention

furthgrnore conEans & RometfRIIOH of e dldntp 160 8f FIGK: 3iAadhatiaRGeshg ptation
with a rotatable hub of a notor around a notor axis of rotation, conprising

t he st epschafackiigidllyscashapeiPplai® Hkehbet @RRAMIR @&tiiﬁéy fb@rLanaasikid ace
associated with a clanp axis of rotation (such as 302-306); registering the
clanp nmentgriowididialedeongs.t Adiapertura)dush af amilfussitbrevirciRuaperaise 36 )s al i gni ng
the fastener and clanp together 1 o with the hub and attaching the fastener
t o t he hulefined bg atreferenge siréace t1h® and sassoviavtbwithithchclathp aristodrotatwars  of
rotation (such as 310). It is to be understood that even though numerous
char act erteltive & thadenithl anisdgés Fof exampile is overtoblodimentsillystratebbpFis et

i nvention have been set forth in the foregoing description, together with
det ai 355 ohe refercaeq syefage 6% defires A LPHNDA 0§ dispesgd casxighbtih therfeatral t he
invention, .this d
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wi t hout departing fromthe scope and spirit of the present invention. In
addi tion, although the preferred enbodi ment described herein is directed to
a data storage device, it will be appreciated by those skilled in the art
that the teachings of the present invention can be applied to other

systens, |like data storage test or certification systens, servo track
witers, or optical data storage 2s systens, w thout departing fromthe
scope and spirit of the present invention.



13 What is clainmed is: 1. A disc fixing apparatus for fixing a data
storage disc in rotation with the hub of a notor that is rotatable around a
notor axis of rotation in a data storage device, the disc fixing apparatus
conprising: 5 a clanp engageable with the hub conprising a reference
surface associated with the clanp axis of rotation; and a fastener

conpr i si ngladve egths temtal arisf16a ko betCReReF 8l Banth 1 6O Frecéskss RRapnsur f ace,

the fastener attachable to the notor hub fixing the disc and hub in

rot at i on raltive egths tentrahgxisHé3cl anp to the notor axis of rotation. to 2. The
apparatus of claim1l wherein the clanp is adapted for coaxial registration
to the | ongit ddwihbe nxted that therapeningtiénas simblarl¥ hssoafapeareithutheatansp ai m 1
wherein the clanp is adapted for coaxial 15 registration to the notor axis
of rot at iTB#S canterr(et sgpaeately dasigates) sangh henomhibikayyipe asseciated svithrtbe clompf ace
defines an Qpeqi_ng .receivingly engageable with the registration feature in
a cl osel yORHPRALARETHR| BOL &¥3diplg, thepeninghigh cam ghena embasimentdiem 4 wherein t he
registration feature . is engageable_in the opening.ip a frigtional-fitting
relati ons'}?ﬂ’ﬁ?n%'i"ﬁt"&#hﬁlﬁge'?‘ﬁg axis g to B@Vé‘ier%tfi%ﬁgw’ bianeiee forse ohiér. 6. The

o face et b B fieealT Eheiedhd ke | aEIsEsRt 1Sl R BRI oF° e
appar at ug,Qfiog! @ m 6 wherein the clanp conprises opposing planar faces with
the reference surface connecting the faces, wherein the reference surface

is 14 The opening 166 is likewise associated with the positioning of the contact

10  portion 164 of the clamp 160. For example, the clamp 160 in the embodiment of FIG.
3 comprises a contact portion 164 comprising a substantially orthogonal flange 172
adjacent the distal edge 165. The flange 172 defines an arcuate contact surface 174
operably engageable against the disc 108 in a single point contacting relationship. In
one embodiment, the flange 172 extends annularly and concentric with the opening

15 166 (FIG. 4) so that the desired amount of clamp 160 eccentricity, if any, determines
the location of the clamp 160 interface with the disc 108. In another embodiment the
flange 172 extends concentrically with the central axis 163.

Returning now to FIGS. 2 and 3, the disc stack assembly 106 further
comprises a fastener 200 for joining the clamp 160 to the hub 152. In one

20 embodiment the fastener 160 comprises a spiral-threaded portion 201 and the hub 152
comprises a spiral threaded bore 202 receivingly engaging the fastener 200 in a
threading engagement.

FIG. 5 is an isometric view of an illustrative fastener 200 constructed in
accordance with an embodiment of the present invention. The fastener 200 has a head

25 portion 204 defining a diameter greater than the central aperture 166 diameter (FIG.
4), such that a bearing surface 206 operably pressingly engages against the clamp 160.
A tool receiving feature, such as a Torx® brand characteristic opening 207 (FIG. 1) is
defined in the head 204 in order to affect engagement of the fastener 200 (such as

turning a threaded fastener).



characteristically arcuate and thereby receivingly engageable with the
registration feature in a point contact relationship. 8 The apparatus of
claim7 wherein the registration feature termnates in an 5 arcuate surface
operably engageable with the reference surface in a mating rel ati onship. 9.
The apparatus of claim 1l further conprising an opening defined by the clanp

recei vingly erpagfsibhe 200 tfirtiter lc6iBYiadd FrebREaidBatiRNBET is RASSRRHIE t hrough
the 10 clanp and engageable with the hub to fix the clanp and hub in
r ot at i on.witltheThfereanop surdiced 68 {(FIE.al) ediswhiap idclihp 16Qeslativg tba ci rcul ar and
the registration feature is cylindrical. 15 11. The apparatus of claim 10
wher ei n tlhegitidinm axie 208 o the fasteren 260t Feuexfampée, thiecidlastragivy fastapeg2@bbdf agai nst
the disc and concentric with the opening. 12. The apparatus of claim 11
wher ei n tIHE. é sampEisesaeBstationsfeatinei2Qf having 4 Qurfarh disppysdrsabstentizlycl ai m 1
wherein the cla efines a relief notch characteristically positioned and
si zed 5t o RspRlehl the Aaat axis 408, apd Sirtheneharacieniaed gs @ cyhadrical syriage st ack
assenbly, conprj sing: a otor conpr.isi.n ub_ r.ot at abl e around a not or
axi s of rrS?%{’T‘F‘SH; enég%ﬁaég Vgithap decepenig hog ip %éﬁ%g]‘é(;'ﬁtan%l redetignskipng appar at us,
conprising: a en I ng .t h b ri LN ref erence. surface
associ at ed w tbﬁ[kf}ﬁgs @t rggg figtaﬁp?ﬁ&fgﬁ% ,Zagﬁger%gly ehgage, s"i"é‘hﬁﬁe MWBnpri sing
a registrat,i r at ' he.. C he fastener
2, 120t St Al LSO BeRPARELAL LI b NGk R RRSRS T LA nbi0E
that due to the closely-fitting relationship of the clamp 160 and the fastener 200, the
10 clamp is registered to the hub 152 by the attachment of the fastener 200 to the hub
152. In other words, there is substantially no clearance for the clamp 160 to move
laterally relative to the attached position of the fastener 200.
Preferably, the registration feature 209 is engageable with the reference
surface 168 in an interference-fitting relationship, establishing a frictional force
15  maintaining the clamp 160 registration with the fastener 200 before attachment to the
hub 152. This arrangement lends itself well to an automated assembly procedure
wherein the clamp 160 can be registered to the fastener 200 at a subassembly station
away from the data storage discs. This prevents any particulates resulting from the
interference-fitting relationship from falling on or near the data storage surface. As
20  illustrated in FIG. 6, any particulates resulting from turning the fastener 200 during
attachment will fall harmlessly into a clearance gap 213 within the threaded bore 202.
Where an interference fit exists between the opening 166 and the registration
feature 209, it can be advantageous to support the clamp 160 so as to prevent rotation
when the fastener 200 is turned during threading engagement with the hub 152. In
25  one illustrative embodiment one or more apertures 240 (F1G. 4) can be defined by the
clamp 160 that are receivingly engageable with a removable locating member, such as
a location pin (not shown). The locating pin can be passed through the clamp 160 and

have a distal end engageable with an aperture 242 (FIG. 2) in the hub 152, The size

of the locating pin relative to the apertures 240, 242 can be selected in order to



disc and hub in rotation and registering the clanp with the notor axis of
rotation. 5 15. The apparatus of claim 14 wherein the clanp is coaxially
registered to the longitudinal axis of the fastener. 16. The apparatus of
claim14 wherein the clanp is coaxially registered to the 10 notor axis of
rotation. 17. The disc stack assenbly of claim 14 wherein the reference

surface gefvidesdéirc@Ramit %fﬂﬁ{g’h RULYmENGFIh dainPQ 60 S$eihSthe &lib 952 ure. 15
18. The gi sc st ackeagsengl y of cl giiirr% 14 wher el E the registrati %ﬁ&f‘ eature

conpri seso attkticacss the spaae2gmar al l el to the fastener |ongitudi nal axis.
19. The disc stack assenbly of claim 17 wherein the opening is circular and
the regi strat ilowilfleataledin BIGC glthaelainp al60 cd@pbes oppesifli flanst facds Agsenbl y of
claim 17 wherein the clanp conprises an annul ar contact surface pressingly
engagi ng 2#hevithi the rederdnesomictant 6 caninettintgtbe Gren24v 246.1 Preférablyi wherst ack
assenbly of claim 14 wherein the clanp defines a relief 25 notch

char a&t egn satpderense fids desighisd thenefersnge surfase d 68 precharacteristicallymrenatonal

i mbal ance. 22. A disc drive, conprising: a base supporting a notor

conpri si ABd therby resravinslyengegeablgnyith the segisirasiondeatre 2P 4n apoympeentr®n and
supporting,..in turn, a.disc disposed around the hub; 16 nmeans for fixing
the di scr‘%ﬁ“?r{?]i“é’ti WHTREE w&wwﬁwlgﬁm ﬁb}t 5"$*6%?§i°f%&ﬁdr?3lth%| anpi ng
force angﬁgssoﬂ)@te rot.ational inertia with the notor axis of rotation.
23. The &FEECEFIVE BPREai m 22 wherein the means for fixing conprises a

di sc Alternatively, where a slip fit between the reference surface 168 and the

10  registration feature 209 is desirable, then preferably the registration feature 209
terminates in an arcuate surface 248 operably engageable with the reference surface
168 in a mating relationship. This facilitates centrally disposing the fastener 200
within the opening 166.

The disc fixing apparatus described hereinabove produces a disc stack

15  assembly with significantly improved rotational balance performance characteristics.
In one preferred embodiment, it is desirable to coaxially align the clamp 160 with the
hub 152. This is likely the case when the disc 108 is centered around the hub 152.
Accordingly, the opening 166 would be centrally positioned in the clamp 160, such
that the clamp axis of rotation is coaxial with the clamp central axis 163. The fastener

20 200 would pressingly engage the reference surface 168 within the opening 166 in
order to register the clamp 160 to the fastener longitudinal axis 208. The fastener 200
would then be attached to the hub 152, registering the clamp axis of rotation (coaxial
with 163) with the motor axis of rotation 154. Accordingly, as shown in FIG. 6, the
motor axis of rotation 154, clamp axis of rotation 163, and fastener longitudinal axis

25 208 are coaxially aligned.

Returning to FIG. 4, adjustments to the clamp mass distribution can be made

to compensate for rotational imbalance. For example, balancing weight can be added
to the clamp (not shown), or balancing weight can be removed from the clamp such as

by defining a relief notch 252 in the distal edge 165.

10



clanp, conprising: a clanp conprising a reference surface associated with a
clanp axis of rotation; and a fastener conprising a registration feature
cooperating with the reference 1 o surface, the fastener attached to the
nmotor hub fixing the disc and hub in rotation and registering the clanp
with the notor axis of rotation. 24. The disc drive of claim23 wherein the

means for fi XM drbollithéilest 66 BraGHGhichein ByniBmb s gREGsYI face defi ning
an opening matingly engaging the 15 registration feature. 25. The disc

drive of c@h@ﬁﬁﬂn%% bak& aghdtof QHpBREByY fHRbabd ddristidits 4 b HRiralPasta@bRrr | zed by

a registration feature conprising a surface disposed parallel to the

f ast ener atomdiatlongitalinahxkis, a di6c diSpostt arailing chedtiiby andiemsafortivthgwher ei n t he

means for fixing is further characterized by a circular opening and a

cyl i ndri clade in egtrgen with dhre Hubdtyapplyigg a IoHgeudinsioclanpwg fafke attiigothewher ei n

the means for fixing is further 25 characterized by a contact surface of

t he cPanmdlissr &5 pwgpsesed dhegprasgnt descripiéon, an explisittieandrimpligitiytdes¢réedpeni ng. 28.

A nmethod for, fixjng a disc in balanced rotation with a rotatable hub of a

mot or  ar REAIUBrate Smbediments herginahqverand éldisiaiediim e exemplasy ovi di ng a cl anp

menber conprising a reference syrface associated wwth a clanp axis of

rotation ;GPIE’QSV’%‘? seh §rihye the “Fﬁ?nﬁ‘é GRS Eprg‘lt)ql%quqmlﬁtgp ofer s of a

fastener; aligning the fastener .and clanp together with.the hub; 5

it achi ngaEHERLE T Rer S SRET 16 o R e Eet AT A9 HEber wit h

the with positioning the clamp axis of rotation. Furthermore, the means for fixing

10  contemplates embodiments wherein a fastener comprising a registration feature is
engageable with the reference surface, and the fastener is engageable with the hub so
as to register the clamp as desired relative to the hub axis of rotation. Accordingly,
the means for fixing expressly does not contemplate prior art approaches involving a
clamp with a clearance aperture receiving a fastener member, wherein the clearance

1S permits the clamp to be positioned independently of the fastener position.

FIG. 7 illustrates a method 300 associated with the embodiments of the
apparatus described hereinabove for fixing a disc in rotation with a motor. First, the
desired clamp rotation axis relative to the motor rotation axis is determined in block
302. For example, where the motor supports a centrally disposed disc then it is likely

20  preferable to center the clamp around the motor axis of rotation; accordingly, the
opening in the clamp would be centrally located. Alternatively, where the disc is
biased, it can be advantageous to offset the clamp in the opposite direction for
balancing; accordingly, the opening in the clamp would be offset.

The fitting relationship of the registration feature and the clamp opening is

25 determined in block 304. For example, in one embodiment an interference fit is
advantageous, providing a retention force on the clamp so that the subassembly can be
moved together without disrupting the clamp registration to the fastener.

Alternatively, a slip fit can be advantageous to minimize particulates from the

scraping action of an interference fit.

11



nmotor axis of rotation. 29. The nethod of claim 28 further conprising
before the step of attaching the fastener to the hub a step of positioning
the fastener and clanp into a rough io alignment with the hub by passing an
al i gnment nenber through openings in the clanmp and the hub. 30. The net hod
of claim29 further conprising a step of withdrawi ng the alignnment nenber

fromthe cl anpyanehd [Beatiysorahd Sfendlel Rk diAS1] n i b. 15 18
A9, AYH@ AFy. AY . AFNO. AY[ L% AL RAR Héh%égc&)%?ghgg%tkgf O8I heo. u [

L. A 9% A%5¥nifk ahd e rogibRdlida feature determined in block 304, the clamp and the
pdr At #SERARHSZSY xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]calcalc
a] ca] ca] daster} ca] thah baped/ida] ia dlovk|308] Tat eediation fEbHS gb&dh' ' (" (V((
(6))))**{**+v+,,<./11Gl} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] dbd cidreiecaifocd mdlodk] I0K] smicalregibtenine@]angd wahe fs6hES JHE<895: M
=>@ EZF_F7KNOTUaXgX[ ] "uaf{aqdj j np, r 2r Frr } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caPca]fedineajscthpr affashpd b tha heddroa péeckddPdapuoisl tejegifer flecclimop}atikecal cal rrs
bssstatdttt%uTuuudvvvy;

XA xW8EPY yy3zXzz} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

e
EEE i bl
Ly b ob] QAT BEF aariey L ipik PR Focy a8l BRI AR FSH B8 GIUUR G FR. T 100
101 oot e e BRSO Skl et B ke L oo ()
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Y@ 10%H& o6 )1 68 D14 Q38 clated VMO Q Y4 dxid¥PMiation, The disc fixing apparatus
10! DY% 109 ( 3Fy" 10%&’ () - | #Fy" 109 ()-! ( Fy" 10%4H& ()- 10 10 10! DY 109%& () -
yl azX6M JokHdr chbfiifisés) a fasteher(936h'a8 16D) with k' rdgl8tat{on-feature (such as 209) that

is cooperable with the reference surface, and the fastener is attachable to the hub,
15  thereby fixing the disc and hub in rotation and registering the clamp to the motor axis
of rotation.

The clamp can be adapted for coaxial registration to the longitudinal axis of
the fastener and, in turn, adapted for coaxial registration to the motor axis of
registration. The reference surface preferably defines an opening receivingly

20  engageable with the registration feature in a closely-fitting relationship such as, but
not limited to, a frictional-fitting relationship.

The registration feature can comprise a surface disposed parallel to the
fastener longitudinal axis, such as but not limited to a cylindrical registration feature
receivingly engageable within a circular reference surface. The reference surface can

25  be arcuate so as to define a point contact with the registration feature. The
registration feature can furthermore define an arcuate portion matingly engageable
with the arcuate reference surface.

The embodiments of the present invention furthermore contemplate a disc

stack assembly (such as 106) comprising the motor and disc fixed in rotation with the

12
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the steps of providing a clamp member comprising a reference surface associated with
a clamp axis of rotation (such as 302-306); registering the clamp member with a
longitudinal axis of a fastener (such as 308); aligning the fastener and clamp together
10 with the hub and attaching the fastener to the hub so as to register the clamp member
with the motor axis of rotation (such as 310).

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set forth in the
foregoing description, together with details of the structure and function of various

15 embodiments of the invention, this disclosure is illustrative only, and changes may be
made in detail, especially in matters of structure and arrangement of parts within the
principles of the present invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are expressed. For example, the
manner of attaching the fastener to the motor hub may vary while maintaining

20  substantially the same functionality without departing from the scope and spirit of the
present invention. In addition, although the preferred embodiment described herein is
directed to a data storage device, it will be appreciated by those skilled in the art that
the teachings of the present invention can be applied to other systems, like data

storage test or certification systems, servo track writers, or optical data storage

25  systems, without departing from the scope and spirit of the present invention.
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a fastener comprising a registration feature cooperable with the reference
surface, the fastener attachable to the motor hub fixing the disc and hub in
rotation and registering the clamp to the motor axis of rotation.

10
2. The apparatus of claim 1 wherein the clamp is adapted for coaxial

registration to the longitudinal axis of the fastener.

3. The apparatus of claim 1 wherein the clamp is adapted for coaxial

15  registration to the motor axis of rotation.

4, The apparatus of claim 1 wherein the reference surface defines an opening

receivingly engageable with the registration feature in a closely-fitting relationship.
20 5. The apparatus of claim 4 wherein the registration feature is engageable in
the opening in a frictional-fitting relationship, maintaining the clamp registration with

the fastener.,

6. The apparatus of claim 4 wherein the registration feature comprises a

25  surface disposed parallel to the fastener longitudinal axis.

7. The apparatus of claim 6 wherein the clamp comprises opposing planar

faces with the reference surface connecting the faces, wherein the reference surface is
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10 arcuate surface operably engageable with the reference surface in a mating

relationship.

9. The apparatus of claim 1 further comprising an opening defined by the
clamp receivingly engageable with a removable locating member passable through the

10  clamp and engageable with the hub to fix the clamp and hub in rotation.

10. The apparatus of claim 4 wherein the opening is circular and the

registration feature is cylindrical.

15 11. The apparatus of claim 10 wherein the clamp comprises a contact surface

pressingly engageable against the disc and concentric with the opening.
12. The apparatus of claim 11 wherein the contact surface is annular.

20 13. The apparatus of claim 1 wherein the clamp defines a relief notch
characteristically positioned and sized to operably compensate for rotational

imbalance.

14. A disc stack assembly, comprising:
25 a motor comprising a hub rotatable around a motor axis of rotation;
a disc disposed around the hub;
a disc fixing apparatus, comprising:
a clamp engaging the hub comprising a reference surface associated

with the clamp axis of rotation; and
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104 & ()-1 , reference surface, the fastener attached to the motor hub fixing the

disc and hub in rotation and registering the clamp with the motor

axis of rotation.

15. The apparatus of claim 14 wherein the clamp is coaxially registered to the

longitudinal axis of the fastener.

16. The apparatus of claim 14 wherein the clamp is coaxially registered to the

10  motor axis of rotation.

17. The disc stack assembly of claim 14 wherein the reference surface defines

an opening matingly engaging the registration feature.

15 18. The disc stack assembly of claim 14 wherein the registration feature

comprises a surface disposed parallel to the fastener longitudinal axis.

19. The disc stack assembly of claim 17 wherein the opening is circular and
the registration feature is cylindrical.
20
20. The disc stack assembly of claim 17 wherein the clamp comprises an

annular contact surface pressingly engaging the disc and concentric with the opening.

21. The disc stack assembly of claim 14 wherein the clamp defines a relief

25 notch characteristically positioned and sized to compensate for rotational imbalance.

22. A disc drive, comprising:
a base supporting a motor comprising a hub operably rotatable around a motor

axis of rotation and supporting, in turn, a disc disposed around the hub;
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5 23. The disc drive of claim 22 wherein the means for fixing comprises a disc
clamp, comprising;:
a clamp comprising a reference surface associated with a clamp axis of
rotation; and
a fastener comprising a registration feature cooperating with the reference

10 surface, the fastener attached to the motor hub fixing the disc and hub in

rotation and registering the clamp with the motor axis of rotation.

24. The disc drive of claim 23 wherein the means for fixing is further
characterized by a reference surface defining an opening matingly engaging the

15  registration feature.

25. The disc drive of claim 23 wherein the means for fixing is further
characterized by a registration feature comprising a surface disposed parallel to the
fastener longitudinal axis.

20
26. The disc drive of claim 24 wherein the means for fixing is further

characterized by a circular opening and a cylindrical registration feature.

27. The disc drive of claim 24 wherein the means for fixing is further
25  characterized by a contact surface of the clamp pressingly engaging the disc and

concentric with the opening.

28. A method for fixing a disc in balanced rotation with a rotatable hub of a

motor around a motor axis of rotation, comprising:
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registering the clamp member with a longitudinal axis of a fastener;
aligning the fastener and clamp together with the hub;
5 attaching the fastener to the hub so as to register the clamp member with the

motor axis of rotation.

29. The method of claim 28 further comprising before the step of attaching
the fastener to the hub a step of positioning the fastener and clamp into a rough

10 alignment with the hub by passing an alignment member through openings in the
clamp and the hub.

30. The method of claim 29 further comprising a step of withdrawing the

alignment member from the clamp and the hub after attaching the fastener to the hub.
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