DISC FIXING APPARATUS AND ASSOCIATED METHOD FIXING A DISC AND MOTOR IN
BALANCED ROTATION Cross Reference to Related Applications 5 This application claims the benefit
of United States Provisional Application Number 60/341,323. Field of the Invention This invention
relates generally to the field of data storage devices, and more 10 particularly but not by way of

limitation to an apparatus and associated method for fixing a data storage disc in balanced rotation
with a drive motor. BackiASn & BXING | ARPABABSANIASSOGCHATIEDIME TIOR S disc drives are

commonly used in a nultjt Ij u iyo n ore large amounts of data in a form
that is readily ava||aﬁl@ﬂ}@ﬁ?@gm|ﬁﬁéﬁ‘ﬁ@h@%@@?ﬁlé& ly with one or more
data storage discs that are rotated by a motor at high speeds. A clamp is used to fix the discs in
rotation with the motor. Each disc has a data storage surface divided into a series of generally
concentric data tracks where dafadssdRefedencthie Related Appliginiiis flux transitions. A data transfer
member such as a magnetic transducer is moved by an actuator to selected positions adjacent the
data stdrage surfad®iforBBHedigctaagh dirchrasiitrahbinted SarenBiayitianedprlisaligc, and to
transmit elefﬁt'_r‘ir%glg';?ﬂgjﬁ induce the magnetic flux transitions in writing data to the disc. The active
elements of the ata transfer member are supported by suspension structures extending from the
actuator. The active elements are maintained a small distance away from the data storage surface as
the data transfer member flies upon an air bearing generated by air currents caused by the spinning
discs. A continuing trend in the industry iEieddvefdhelarventiensing the data storage 30 capacity and

the processing speed while maintaining or re%lécin the physical size of the disc drive. Consequently,
the data transfer ﬁﬂ%@?%ﬂ)ﬂfg’%‘gﬁ A Eﬂﬁgﬁl 1dof data stdrage devices, and more

10  particularly but not by way of limitation to an apparatus and associated method for

fixing a data storage disc in balanced rotation with a drive motor.

Background of the Invention
Modern data storage devices such as disc drives are commonly used in a

15  multitude of computer environments to store large amounts of data in a form that is
readily available to a user. Generally, a disc drive has a disc stack assembly with one
or more data storage discs that are rotated by a motor at high speeds. A clamp is used
to fix the discs in rotation with the motor. Each disc has a data storage surface
divided into a series of generally concentric data tracks where data is stored in the

20 form of magnetic flux transitions.

A data transfer member such as a magnetic transducer is moved by an actuator
to selected positions adjacent the data storage surface to sense the magnetic flux
transitions in reading data from the disc, and to transmit electrical signals to induce
the magnetic flux transitions in writing data to the disc. The active elements of the

25  data transfer member are supported by suspension structures extending from the
actuator. The active elements are maintained a small distance away from the data
storage surface as the data transfer member flies upon an air bearing generated by air
currents caused by the spinning discs.

A continuing trend in the industry is toward ever-increasing the data storage

30  capacity and the processing speed while maintaining or reducing the physical size of
the disc drive. Consequently, the data transfer member and the discs are continually

being miniaturized, data storage densities are continually being increased, data storage



being miniaturized, data storage densities are continually being increased, data storage 1 disc speed
is continually being increased, and data transfer member fly heights are continually being decreased.
One result is an overall increased sensitivity to vibration. One source of vibration comes from an
out-of-balance condition of the disc 5 stack assembly. This can cause positioning errors making the

transfer of data fewd mmlshmgi%mgrﬁl&@@d@edf the MM&MM%@%&@QW displacement to the

disc orthe datat rme ber then head crashes can occur, likely causin mage to the data
transfer mefffiH&n t %%FQF&%OQB@éedlém&aﬂmﬁﬁén@ﬁ@‘ﬁgﬁﬂﬂ%‘g‘%ﬁ%tlon known in the art
is to bias alt@bratiog. dISCS in opposite 10 dlrectlons against the centrally supporting motor hub so as
to distribute the totgl disc mas bsIantlaII IIy arouré?J the motor axis of rotation. Although used

primarily for multi-dise StHERs? Pﬁ rggﬂﬁl Ebaﬁ&% heses s Andingeohide distks by biasing a
spacer membekambﬂiﬂelyd@hlédhﬁadwmp@gﬁldﬁliﬂg aesyionRin ekiuchasst of dhe spager and the

process complexi souate | cedures. 15 Ano group of solutjons can be
categorized é%ngﬁéﬁy 8s %ngé i%%l ﬁ’ Cﬁ%@ﬂrﬂlwfhé&{% {RNgidiSEtack to
compensatefohadachsens mmbaéammdlﬁ@aﬂdﬁasheﬁ@ﬁm batanckkstingsipshimagasandhe

compensat|8 ccur&g{{g&hhe clam een attached, such as attachlng a clip or an epoxy

material to &dd ba ancing wefféﬁ nﬂfl a |vef1tf1 HETBRS gf'é%?(‘&‘ﬁ “balance tested without the 20
clamp and eccent@mﬁ&dmsingmdbﬂmdde@wmpnahmimhetb&lﬁn@ﬁemaghg dssoeroeshdsitall these
solutloH)s we %rnstrglegﬁznr alngngaq ed fog}g] r%}l/(l)n Et]%mannter of Ost'tlol{“nﬁ alﬁid attaching the
clamp in or er {0 presérve the Fobeered Bgli)ancegcon Itions uarslna %IS JHREE ¢ testl H& imbalance
caused by angsescbstammyly)fammllylammrbthamdmnhmmfsrmhtmmmnthomgﬂ beedgsimaedynegligible in

the recent pl%§th? l_HM%Yecrks 'ijs Smhglt nd% {ggggrycgd wper&xtlon th es %Id%ac aI%e the clamp
placement a significant factor spee automatet-assemb et S used

biasing a spacer member and the disc. A disadvantage is the addmonal product cost
of the spacer and the process complexity associated with the biasing procedures.

15 Another group of solutions can be categorized generally as those that add or
remove an amount of mass to/from the disc stack to compensate for an observed
unbalanced condition from balance testing. In some cases the compensation occurs
after the clamp has been attached, such as by attaching a clip or an epoxy material to
add balancing weight. Alternatively, the disc stack can be balance tested without the

20  clamp and eccentric spacers can be added to provide the balance weight as needed.

In all these solutions, however, there remains a need for improving the manner
of positioning and attaching the clamp in order to preserve the observed balance
conditions during balance testing. The imbalance caused by any eccentricity of the
clamp relative to the axis of rotation could be assumed negligible in the recent past.

25  However, modern demands for reduced vibration thresholds make the clamp
placement a significant factor. Also, high speed automated assembly methods used
today demand robust methodologies for attaching the clamp so as to be registered
with the axis of rotation.

In some approaches the clamp has a central opening that receivingly engages

30 the outer diameter of the motor hub. If the central opening is sized in a closely-fitting
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

interfere with effective disc drive operation. Contrarily, if the central opening is sized



today demand robust methodologies for attaching the clamp so as to be registered with the axis of
rotation. In some approaches the clamp has a central opening that receivingly engages 30 the outer
diameter of the motor hub. If the central opening is sized in a closely-fitting mating relationship with
the hub then the clamp can be precisely located. However, any scraping action of the clamp against

the hub canfiesibtarearmtulparistatasibalainieratevrithLfieeliye Gismeiiergreration. Contrarily, if
the central Oﬁenéilrﬁ%eis sized 7 for clearance with the hub then the clamp must be precisely positioned

before atta Bther approaches recognize the benefits of attaching the clamp with a single

fastener attached totthe spfatinghbifechisise dRp@RENSSURRRATHSMPIERISE akag@Rle S of the clamp
to the hub, ?nd reguire gn ove{hsized clearance aperture through which the fastener is passed and

joined to the A5 h AHRSBRHTY S 9LatRS 4has e ARRISAT RS deReRdoPiRs B GRS crew disc
fixing apparafusdslyngsivikeviinblainithegwinap sveribed Wdranidadwithaaiapanerishface

associated yvith the clamp axis of rotation, and a fastener member is provided with a registration 10
surface thatt\ﬁée rr?%tt?ﬁawse#(ﬁ%(zgﬁéWt‘?e%ﬁ&%%r‘n‘&é%%fﬁ%%ﬁ@&%ngly, the fastener member can

be used to registedthesdaenpdestativee thteatangitstioe daisgds-fee dasienexindwiasiansi can then be

attached to the hyb sp as to,regjster the clamp to the motor axis of rotation. It is to these
SS%%&E%%%@%)% MRy {ggfaélgf?ﬁn 3% AN AP e St Cembodiments

improvemerll)t% an
of the presewttinttentlompeait dftiveated, Suhafiarynef thembee iiproHdedodihantgatttppresent

inventign are directed to a disc-fixing appgratu r fixing a data storage disc in rotation with the hub of
a motofr)d:haf i rac():f:aﬁ%btlles é‘r‘é%%“gaﬁ]%% axis cl)%’r(g%?a ionin e %3?8‘ s’f%cr%o laéb'ité'.eThe disc fixing
apparatus ¢asrpesesmiztanan bagsgbablegisit the dailneoshpiveing aloefsnatioal sifasktissociated

fastener. The fastener can then be attached to the hub so as to register the clamp to
the motor axis of rotation. It is to these improvements and others as exemplified by
the description and appended claims that embodiments of the present invention are

15  directed.

Summary of the Invention

Embodiments of the present invention are directed to a disc fixing apparatus

for fixing a data storage disc in rotation with the hub of a motor that is rotatable

20  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
is attachable to the motor hub fixing the disc and hub in rotation and registering the

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

30 rotation.



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 is attachable to the motor hub
fixing the disc and hub in rotation and registering the 25 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 aFmbadisesitiscel Higknpaptessimytymphe geatste ryamsirfcedisfiring @oncentric with
the clamp axis of 30 rotation. 3 Embodiments of the apparatus contemplate the reference surface

defining an WSBHIRGSERETEN, £ eReraLa BN T ireasHERN R AR H R A ey dibSBSy fitting
relationship,§uyehrag:g, tictional-fitingdalatian Q@aﬁ%ﬁi@@%iﬁﬂﬁ%ﬁﬁﬂ@e}}ﬁ jstration with the

fastener. 5 Embodiments of the apparatus further contemplate the registration feature comprising a
surface dispegasttparaietictibéatastener longitudinal axis, such as a cylindrical registration feature for
use with a reference surface defining a circular opening. The reference surface can be

charactéristically aFoabRdimsate R 815 rRaaisn iR gagicanralgithe recisgrieatfoptyeature in a point

contact relagigrrﬁs%ig. 1% Eu&lhermoroege@e arrgﬁfgt{gttié)n fe{alture can. te&minate in ar]aarcuate surface
operably engaé)eagfé With t r

e flé BreRc88arace |neaf?181§fllﬁ§1‘r)é‘|%1tﬁ%nls }pa.xll:sm%g ifénts of the

apparatus fugthedaniesnaiton rosdhe aigasentieaitig. cNBrBNORA MRS RIBGMefined by the clamp
receivingly engageable with a removable locating member that is passable through the clamp and

engageableomitringe Rubrederenfix shdasianap hedhanix fensiteaibn aenito divh gty the apparatus further

contemplate a halancing weight added to the clamp_or a balancing weight removed from the clamp,
such as a réﬁ%?‘ﬁ&@l{ egﬁ%ﬁ% i‘gﬁ%‘a%}? peiiEhoR g??ﬂ%?z‘é‘o“tB%‘b‘e‘?%%&&%ﬂ@ﬁ%@ié for rotational

10  Furthermore, the registration feature can terminate in an arcuate surface operably
engageable with the reference surface in a mating relationship.

Embodiments of the apparatus further contemplate a rough alignment feature
comprising an opening defined by the clamp receivingly engageable with a removable
locating member that is passable through the clamp and engageable with the hub to

15  fix the clamp and hub in rotation.

Embodiments of the apparatus further contemplate a balancing weight added
to the clamp or a balancing weight removed from the clamp, such as a relief notch,
characteristically positioned and sized to operably compensate for rotational
imbalance.

20 In another aspect of the embodiments of the present invention a disc stack
assembly is provided comprising a motor comprising a hub rotatable around a motor
axis of rotation with a disc disposed around the hub. A disc fixing apparatus is
provided comprising the clamp reference surface and fastener registration feature
fixing the disc and hub in rotation and registering the clamp with the motor axis of

25  rotation.

In yet another aspect of the embodiments of the present invention a method is
provided for fixing a disc in balanced rotation with a rotatable hub of a motor around
a motor axis of rotation. The method comprises: providing a clamp member

comprising a reference surface associated with a clamp axis of rotation; registering



imbalance. 20 In another aspect of the embodiments of the present invention a disc stack assembly is
provided comprising a motor comprising a hub rotatable around a motor axis of rotation with a disc
disposed around the hub. A disc fixing apparatus is provided comprising the clamp reference surface
and fastener registration feature fixing the disc and hub in rotation and registering the clamp with the
motor axis of 25 rotation. In yet another aspect of the embodiments of the present invention a method
is providedthsrdising mebeinvivhl adorg tustaridaxiitl a fastemditehghing therfasteraromdd a motor axis of

rotation. The method comprises: prqviding a clam e ber comprising a reference surface
associated WiAR & ?ﬁﬁragfé o‘ﬁ?o%gchoﬂ?‘ilgea&%(fgm% % g%}ée@l%frffbtﬁ?é?ﬂBéP kP Z98istitdBnal axis of a
fastener; aligning thefestenal @adnSamRitogeihiariyyith the hub; and attaching the fastener to the hub
So as to register the clamp member with the motor axis of rotation. These and various other features
as well as advantdfesevhidv afienactbrir éetinereS preathis adenitiapesy WhiehagpaieriiupeRereading of the
following detailed description and review of the associated drawings. Brief Description of the Drawings

FIG. 1 & a dEsFahiRYSREMaN VikhReparentpsp Fatdlingeicheciianingedeiailed desgitipre with an

embodiment of the presept invention, F1G..2 is a cross-sectional view of the disc stack assembly taken
e RN %:d

generally a?gnget‘ﬁe section Tine 2-2 of FIG £ FIG. 3 is a partially exploded elevational view of a

portion of the disc stack assembly of FIG. 2. 15 FIG. 4 is an isometric view of the clamp of FIG. 3.
FIG. 5 is an isometric view of the fastener of FIG. 3. FIG. 6 is an enlarged detail of a portion of the disc
clamp assembly of FIG. 2 Brief Description of the Drawings

FIG. 1 is a diagrammatic plan view of a data storage device constructed in
10  accordance with an embodiment of the present invention.
FIG. 2 is a cross-sectional view of the disc stack assembly taken generally
along the section line 2-2 of FIG. 1.
FIG. 3 is a partially exploded elevational view of a portion of the disc stack
assembly of FIG. 2.
15 FIG. 4 is an isometric view of the clamp of FIG. 3.
FIG. 5 is an isometric view of the fastener of FIG. 3.
FIG. 6 is an enlarged detail of a portion of the disc clamp assembly of FIG. 2
illustrating an arcuate reference surface matingly engaging the registration feature.
FIG. 7 is a block diagram of a method of fixing the disc in rotation with the

20  motor in accordance with an embodiment of the present invention.

Detailed Description
Referring to the drawings in general, and more particularly to FIG. 1, shown
25  therein is a plan representation of a data storage disc drive 100 constructed in
accordance with an embodiment of the present invention. The disc drive 100 includes
a base 102 to which various disc drive components are mounted, and a cover 104
(partially cut-away) which together with the base 102 and a perimeter gasket form an

enclosure providing a sealed internal environment for the disc drive 100. Numerous



illustrating an arcuate reference surface matingly engaging the registration feature. FIG. 7 is a block
diagram of a method of fixing the disc in rotation with the 20 motor in accordance with an embodiment
of the present invention. Detailed Description Referring to the drawings in general, and more
particularly to FIG. 1, shown 25 therein is a plan representation of a data storage disc drive 100
constructed in accordance with an embodiment of the present invention. The disc drive 100 includes
a base 102 #5tapksieh genvsalsdifie ddrivd Ubenpsinesiismaee melLintdudeshion thedoBpwo (partially cut-away)

which togetggrc\{lvitth the base 1t 2 and a‘?ﬁ]b rimete{ gas@%grm an ergflosure providing a sealed

internal enviroMENt Tor the dist dfve ifﬂﬁ]?ﬁe?oﬂé EE Y YEhERIIRE IO 180 construction
are not inclydeghiRMisiglawinge Jeseiptionhesruse they are well known to a skilled artisan and are
unnecessary for an understanding of the present invention. Mounted to the base 102 is a disc stack

assembly 106 comyusinigdodieraseré03 disclist @hstamdsenhblyd 86 coreprisirg muier @bewwn below) by
a clamp ring 110 for fixed rotation. Where a plurality of discs 108 is stacked to form a multi-disc stack

assem Bly, fﬁ&éﬁ§ &@Egefo@‘élséﬂiﬁééﬂ? SYFARDHY %%ﬂg@ byacdrmHviisedMA forfixedtuator 112
pivots arourllgfﬁigﬁl_oweafg Q%lé%éli'&%gfpciﬁgg R ?Izggtl tc%éﬁ%dfﬁ%?ié%mtﬁ? agfugtor 112 has actuator

arms 116 (only one shown | supporting arms In travel across the discs 108 as the

actuator armsdrbblyadpasiognss 08 Hisepially bpalaad synasdkt8faccli@uddsw e Algx members

that support data transfer members, such as read/write heads 120 ("heads"), with each of the heads
120 operatfigtaaterfhbing voteapuod e py begimgd Haia acplanegandiahtiithy dikeid@8hip. This

lationship. intai lid t sh havi ' face 1 ich bl
upports thd HEAUEEE Sl R AR SR A By R oSO B0 Bbhnning disce
108. Dfa readang Wik wionalssiad aosmbedsmimctigbeachi 194 X W aaanlifiend 21 by electrical

traces (not shown) extending along
discs 108. The load arms 118 (or "flexures") are flex members that support data

transfer members, such as read/write heads 120 ("heads"), with each of the heads 120
operably interfacing a respective disc 108 in a data reading and writing relationship.
This relationship is maintained by a slider (not shown) having an aerodynamic surface
15 which operably supports the head 120 on an air bearing sustained by air currents
generated by the spinning discs 108. Data read and write signals are transmitted from
the head 120 to a preamplifier 121 by electrical traces (not shown) extending along
the actuator 112.
Each of the discs 108 has a data storage region comprising a data storage
20  surface 122 divided into concentric circular data tracks (not shown). Each of the
heads 120 are positioned adjacent a respective desired data track to read data from or
write data to the data track. The data storage surface 122 can be bounded inwardly by
a circular landing zone where the heads 120 can come to rest against the respective
discs 108 at times when the discs 108 are not spinning. Alternatively, the landing
25  zone can be located elsewhere.
The actuator 112 is positioned by a voice coil motor (VCM) 128 comprising
an electrical coil 130 and a magnetic circuit source. The magnetic circuit source
conventionally comprises one or more magnets supported by magnetic poles to

complete the magnetic circuit. When controlled current is passed through the actuator



the actuator 112. Each of the discs 108 has a data storage region comprising a data storage 20
surface 122 divided into concentric circular data tracks (not shown). Each of the heads 120 are
positioned adjacent a respective desired data track to read data from or write data to the data track.
The data storage surface 122 can be bounded inwardly by a circular landing zone where the heads
120 can come to rest against the respective discs 108 at times when the discs 108 are not spinning.
Alternativel:othd Ineirfdeosorangnetn firldgs ace deistarissing Wit tetumagnaditXiscpusitidned by a voice
coil motor (\ég\s@n 1%§ecom risinotil]? electrical coil 130 and a mza%lréetic circuit source. The magnetic
Y

SHANS"EMARSSE BI% Br i AfAiHat Sl iavss, MEghehtoPoles to

circuit source coﬁlent?onaﬁy co

complete themagrliG6iredihd Wrs GORIYIBHCURRRIJSIRARSRE TYOHORING AGIAtR[S coil 130, an

electromagnetic field is set up interacting with the magnetic circuit and causing the actuator coil 130 to
move. As thdissti@8or coil 130 moves, the actuator 112 pivots around the pivot bearing 115, causing

the heads 120 to travel across the discs 108. 5 The disc stack assembly 106 spins the discs 108 at a
high speed as the hBadisestrekgscambly f0asang thediscadi@Batpbiahapesdrgbahentce 122. FIG. 2 is

a Cross- seclﬁy%%}ége&%tgff%%%@m/gs %St% %ggagzﬁg%mp%lgfgcgmisi?ﬁﬁrf.disc 108. The disc

. lf Ebe'OSS-
stack assem also comprises a motor aving a opérably Trotatable around a

longitudinal ssisosBrviswtIraaxisusirtaiation) stk diserAbB 86 sokthasiEalRRAMIBEL56 through
which a portion of the hub 152 passes and the disc 108 is supported upon a planar surface 158

defined by aisthise pmlbaﬁ_ﬁltﬂvé}'lm pil:) qnnmsiszsmgmﬁea;evmam@lm peraiiptalled and
2 contact FETRO O NN HORHAE S RA I BER I SN o (HEC AR TH15 o operably
engaggable.againshdieidissd AR Jndhe skl 58 mndss dxRasNe #5g 98 nd the disc 108 is
supported upon a planar surface 158 defined by another portion of the hub 152.
FIGS. 2 and 3 illustrate a clamp 160 in an installed and uninstalled mode,
respectively. The clamp 160 generally comprises a central support portion 162 and a
contact portion 164 depending from the support portion 162. The contact portion 164
15  is operably engageable against the disc 108 in the installed mode, fixing the disc 108
and hub 152 in rotation. It will be noted that the clamp 160 is a spring member such
that in the uninstalled mode the contacting portion 164 forms a generally conical
cross-section depending from a substantially planar central portion 162. In the
installed mode longitudinal attachment forces applied to the support portion 162
20  deflect the contact portion 164 relative to the support portion 162 to exert the
clamping force against the disc 108.
FIG. 4 is an isometric view of the clamp 160 of FIGS. 3 and 4, illustrating a
characteristically disc-shaped planar member extending radially from a central axis
163 to a distal edge 165. An aperture, such as an illustrative circular aperture 166, is
25  defined by a reference surface 168 and is associated with the clamp axis of rotation
relative to the central axis 163. For example, in one embodiment illustrated by FIG. 4
the reference surface 168 defines an opening 166 disposed coaxially with the central
axis 163, such that the opening 166 is centered around the central axis 163. In this

illustrative embodiment the opening 166 can be used to register the clamp 160 for



and hub 152 in rotation. It will be noted that the clamp 160 is a spring member such that in the
uninstalled mode the contacting portion 164 forms a generally conical cross-section depending from a
substantially planar central portion 162. In the installed mode longitudinal attachment forces applied to
the support portion 162 20 deflect the contact portion 164 relative to the support portion 162 to exert
the clamping force against the disc 108. FIG. 4 is an isometric view of the clamp 160 of FIGS. 3 and
4, illustratinge@xeH apietienstthl aitsotot et iSRnaltenmnbely cthe npimineathiglisafrbmodifseintral axis
163 to a dist e.dge 1%2. An aPertur such as an jllustrative circular aperture 166, is 25 defined by a
reference sOHALE188 ncc?%r%s%éi]j@cﬁ’/\ﬁﬁ]tﬂfg%ﬁ?ﬁH‘ﬁ)ﬁ]sa’ﬁlprb?gtf@ﬁ CRSFAMVE 18188 entral axis 163.

For example,jifione.andsdimentilygigated by FIG. 4 the reference surface 168 defines an opening
166 disposed coaxially with the central axis 163, such that the opening 166 is centered around the
central axis 163. Idtthid] Bristrativbaethbegienary 166 BpeMihg1yGEsoailed wsttie ckgigier the clamp
160 for 7 coaxial rotation with the central axis 163. Alternatively, the opening 166 can be offset

relativeo tHBAEAEFLGSSER% Y fsvegriash traddanss ibovireassesinrdvishiche staaive to the

central axis 6% il e ojed (nat e opening 169 i similarly assaciated with the clamp 5 mass
center (not separately designated), ahd’ hence Tikewise associated with the Clamp rotational inertia.

For exampleoHie fiRamiegviBaaetit-ans RMB A pesiBe af QBEHISE WhlaWit: thegentiy axis 163 to
provide an eccentric balancing force. This can be advantageous where the disc 108 is biased relative

to the motocaxiecidyontagnous Wirgre tgatinegl 086 ibilikesividetivesodiatadosatrashieqiositioning of the
contact portion 164 of the clamp 160. For example, the clamp 160 in the embodiment of FIG. 3
comprises JUBH Lt portion 164 comprising a substantially orthogonal flange 172 adjacent the distal

edge 1@5. The flangg %B&%%@G@ RNiREGHALS SRRIACH VIR G Jp?)éitioning of the contact

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
15  one embodiment, the flange 172 extends annularly and concentric with the opening
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
20  comprises a fastener 200 for joining the clamp 160 to the hub 152. In one
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
25  accordance with an embodiment of the present invention. The fastener 200 has a head
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 ool receiving feature, such as a Torx® brand characteristic opening 207 (FIG. 1) is



operably engageable against the disc 108 in a single point contacting relationship. In 15 one
embodiment, the flange 172 extends annularly and concentric with the opening 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 20 comprises a
fastener 20096pfsiirigathead 2%bhinauder thatiot ¢agagenmms of thb daliteent20@ asterer 160 comprises

a spiral-thretzilldelg\%)grt' ion é) artld the hub 152 comprises a spiral threaded bore 202 receivingly
engaging the Tastefier 200% 2> IE: iding engagement. FIG. 5 is an isometric view of an illustrative

fastener 200 constyygtegith5ROaidRnce Hh:R0 SredimsRtofthe Riesen|dayanion- The fastener

200 has a head portion 204 defining a diameter greater than the central aperture 166 diameter (FIG.
4), such thawilbderietemndacer2s d0H (EHY. g)essimytyiey dagdampatttdhei edamp 160. A tool
receiving feature, such as a Torx(r) brand characteristic opening 207 (FIG. 1é£i§s S defined in the head
204 in SrdelBEdRA A5 0R O tor fananaehlr f@O‘(&ﬂBﬁlést%ﬁﬂrHﬂﬁgfﬁlﬂﬁ’r tagFa9feeler). The

fast 20 t pri  registration f that i ble with the ref f
168 (FIG. 41 S ch he e TU0 e A A S BB Bder 200, ror

example, thgatluslrasive fasianrizAQak $08 -aCAMRESEsarategistRton foRtdE-30&aving a surface
disposed substantially parallel to the longitudinal axis 208, and further characterized as a cylindrical

surface recesgnangbeasdatidewttiintthe opening) 16661 glokstefitfitgwslatiatignighip. FIG. 6 is an
enlarged detail of fastener 200 operabl aged with the hub to 152, thereby pressingly
engaging the clamp 16 gg%ﬁ&f%&ffﬁ@é?ﬁ%/?ﬁ%@%@é@ PePRlYCRSIBEIELL PSRy relationship
of the glamn 350aheb 15 i eABRHAAHE MRS ERAISHFRGEHAR 16 15 ABR VDG Allgehment of the

fastener 200 to the hu
that due to the closely-fitting relationship of the clamp 160 and the fastener 200, the

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.

15 Preferably, the registration feature 209 is engageable with the reference
surface 168 in an interference-fitting relationship, establishing a frictional force
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

20 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
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

25  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
one illustrative embodiment one or more apertures 240 (FIG. 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



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. 15 Preferably, the registration feature 209 is engageable with
the reference surface 168 in an interference-fitting relationship, establishing a frictional force
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 tdareFdsttaheng ongageablshasbernlopesunicit 20F@ay) frothahe 458 stragzeliscs. This
prevents any.par iculates r.esulltin(\;/ fror%the interfeégﬁ.l(_: -fitting relationship from falling on or near the

&6 1R PREPETHIRS 80 SRS H O PEATRIRG the fastener 200

data storage su fface RS Bif Sy

during attaghmeiat YaliREd REAHESSHARIM ARRRIENGS FRPATIENIN e R RAsesHages,202. Where

an interference fit exists between the opening 166 and the registration 25 feature 209, it can be
advantagedesitacupparofhbedastepet @DG0 as to prevent rotation when the fastener 200 is turned
during threading engagement with the hub 152. In one illustrative embodiment one or more apertures

240 (_FI?B. 4) can bt ¥é 'HQ@WQHQ Fg@p%‘%@%ﬁ’é’t KR ‘F@E&Wﬁ@g_ I9P@ﬁ§i§§édﬁl'érv§@ﬁ?%ﬁ‘é‘hovable
o o SR R.AAelion Al Rk shawik dRSI0803p i cBRBe eSS AdyIon e

clamp 160 an ave a distal end engageable with an aper ehifb“152. The size

of the locatingipterfeledbecrioithR aRdIuIes 24thedde trhbe 19 ectadrin Rifieic M yRiRvisle a desired
quality of rough alignment of the clamp 160 with the hub 152 prior to attachment of the fastener 200. 5

It will be notad thareby ety bighysnissgeaabinprise thoppgisinafiptafeatifec2@9Jda 4 pois euittatiie reference

surface 168 connecting the faces 244, 246. Preferably, where an interference fit js desirable, the
reference sﬁ%%tb%ni B-isl O PRBIEIEER R/aé?8ﬂﬁfé’?é’ﬁ5hﬁﬁﬁ%°5)ﬂ?%tc‘@?ﬁlﬁgl?ﬁ SrgdesdRe with the

registrgjion featyre 209 in,a-pRUYt contact relationship. This minimizes the amount of particulates that
might be created as the 10 fastener 200 is attached.
Alternatively, where a slip fit between the reference surface 168 and the

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
15  within the opening 166.
The disc fixing apparatus described hereinabove produces a disc stack
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.
20  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
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
25  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
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
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Alternatively, where a slip fit between the reference surface 168 and the 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 15 within the opening 166. The disc fixing apparatus described hereinabove produces
a disc stack assembly with significantly improved rotational balance performance characteristics. In
one preferrdd BpaaIMEE shavaeshcbatansiogaxdidiyt ahigbehrerstuep 160 thitkelirep kuthX52. This is
likely the case yhen the djsc. 108 is centered around the hub 152. 20 Accordingly, the opening 166
would be cer?fr(z\% )llnbrcl)%ﬁif)er*‘ee ?ﬁ%zégﬁ?ﬁ}fég,s?gfﬁg?ﬂa{’tsthe clamp axis of rotation is coaxial with the
clamp central axis #43ehbsdiasianress ARGWEURIEsaRIPL frRAaASNEslsgnce surface 168 within
the opening 166 in order to register the clamp 160 to the fastener longitudinal axis 208. The fastener
200 would tlvempheiagtadase) sonmbeohsiphdZeddyisheringetbentiaivingxibubf spéaiidn (caabrl 25 with 163)
with the motor axis of rotation 154. Accordingly, as shown in FIG. 6, the motor axis of rotation 154,
clamp axis FeBMtlenEsdips] aéicndispigRotidarauns hodubeandarrans Mghismerteuring to FIG.
4, adjustmepis. t | ss, distribution.can be made ompensate for rotational imbalance.
For exam plgf%é%aﬁgaﬁﬁvnﬁéﬂﬁe% é) ?338@3 lri%atgoﬂ‘igé% éﬂ%tgc(frzilo dé)ﬂ%vx% ,eoarC B‘é%%%f%‘a weight can be
removed framdhesinpssesioamedtsiefingaapaial notshradntdadistairdaadfirdihe
embodiments of the present invention contemplate a disc drive comprising a base, a motor supported
by the basettoMpsisitiyaemlipdimesalshawiashioles Sdrdusdateidimythedimeingkisy a disc disposed around
the hub, and means for fixi tEe disc in rotation with thedhub_by applying a longitudinal clamping force
acting on th"emBPgd?EBFSpgﬁFB%E db érﬁ?’éggﬁttﬁ?ég?ﬁﬁﬁ’ﬁ r feing SRNRMBRISSIRERly described in the

illustraglye emBQdiPAeBISHIAIRIBRAR M A ML SHAE LG EXE PRI ce surface associated

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

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,
15  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
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
20  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
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
25  balancing; accordingly, the opening in the clamp would be offset.
The fitting relationship of the registration feature and the clamp opening is
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.

11



embodiments set forth in the drawings, the means for fixing contemplates other 10 equivalent
embodiments wherein the clamp comprises a reference surface associated with positioning the clamp
axis of rotation. Furthermore, the means for fixing 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.
AccordinglyAlssmsi vebass fir fikaag exproesipgous leonountamphatswrtss drompproaches involving a
clamp with a clearance aItPetrture receiving a fastener member, wherein the clearance permits the
clamp to besﬁ{)aglﬁl(ﬁﬁzé%l?nd%paélnl(%‘ﬂ%ﬁf%f%gtfastener position. FIG. 7 illustrates a method 300

associated with theyemRRdinanih e GRANENSSRsaIPsAISIERARAY (AL Gpgagisc in rotation

with a motor. First, the 20 desired clamp rotation axis relative to the motor rotation axis is determined
in block 302yfeoimgxard phe, redistrattbe fiertoe dofepaiied ioasitrelll p@ispesadmdisantd etz it is likely
preferable to center the clamp around the motor axis of rotation; accordingly, the opening in the clamp

would Be cdAtfansTIcRatben hearriisdiin Rireka3 e diae registratian fearetia eapagrdayitbus to offset the
clamp In the,anepsle derion iohrribaRnciek ARaIAg, (S, 0PENRY I De clap would be offset
ec eterr

The fitting relationship of the registration téature an amp opening 1s mined in block 304.

For exampleasie:Resenvaaginered andiaaniroeneelfitiss polunbtagaeus gRieyifing adgtention force on
the clamp so that the subassembly can be moved together without disrupting the clamp registration to

the fastenem@toRAlternatively, a slip fit can be advantageous to minimize particulates from the

scraping action of an interference fit V\gth the Iotg:%tfi:on of the opening determined in block 302, and the
size of the openinﬁ’ﬁﬂﬁ%@r% RO PRER ST HIRPFRRGBLITY BBCR SPHCBIURA R Snd the 5 fastener

can then begpigyidskinlaek F06, e oAl R ERHUEAS RIS MR Wi talerGRCe surface in
block 308, so as'to register the clamp to the fastener. The

(such as 152) of a motor (such as 150) around a motor axis of rotation (such as 154) in
a data storage device (such as 100). The disc fixing apparatus comprises a clamp
(such as 160) that is engageable with the hub and comprises a reference surface (such
as 168) that is associated with the clamp axis of rotation. The disc fixing apparatus

15  further comprises a fastener (such as 160) with a registration feature (such as 209) that
is cooperable with the reference surface, and the fastener is attachable to the hub,
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

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

25  fastener longitudinal axis, such as but not limited to a cylindrical registration feature
receivingly engageable within a circular reference surface. The reference surface can
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.
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fastener is then attached to the motor in block 310 in order to register the clamp to the motor. In
summary, the embodiments of the present invention contemplate a disc 10 fixing apparatus for fixing
a data storage disc (such as 108) in rotation with the hub (such as 152) of a motor (such as 150)
around a motor axis of rotation (such as 154) in a data storage device (such as 100). The disc fixing
apparatus comprises a clamp (such as 160) that is engageable with the hub and comprises a
reference surface Bicbmhedig@nthaf ibapsweiitat euitionferthampexi®utnpition. dike disc fixing
apparatus 15 fyrther cg&pris sa fz?)stener (such as 160) with a registration feature (such as 209) that

is cooperabfPRitH HHE PLYPEAR S LR GO tAG DR TRRF rndifithiiked 1B TRV ithdhey fixing the

disc and hu AR ACIRCIT BRBE HAMR 9408 IR 5 Riffiah e clamp can be

adapted for coaxial registration to the longitudinal axis of 20 the fastener and, in turn, adapted for

coaxial registnatiapladhalimothivexisuoh 1egiEyabarprisherefeence sitidice areiarblreefines an
opening recei\(inglé? engageable with the registration feature in a closely-fitting relationship such as,
but noflimifbdng the flisedn apatipr it tmBrhb iegisieiaraiongitudive! chmmngfeseea surface
disposed parallel to the 25 fastener longitudijnal axis, such as but not limited cylindrical registration
feature recg?\ﬁilr?é?y?cé%tﬁaé(é%b en\z}vi? T é%glvrl(t:%@re %%?éﬁéésggfﬁggp%gbgfé?ﬁ@é%?ﬂ?% can be

arcuate so atpreiRfinenddRaly caMeahvitidaerraistatiandeatitenlig Jedistaligndeaiure can

furthermore define an arcuate portion matingly engageable with the arcuate reference surface. 12 The
embodimenmstaichevgleseotainblerhidndiiatrenoroms coh temptiat @xascif cotstamk, agsgmikilyg(such as 106)
comprising the motor and disc fixed in rotation with the_ disc fixing apparatus. The embodiments of the

present invEPfiSHAYAhRIY SR & AR IFEREG iSRRG AdRISE AR Bt rsipgaisd wikor and disc

and mﬁ?nsg%ﬁamp 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
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

15  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
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

20  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
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

25  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

systems, without departing from the scope and spirit of the present invention.
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5 fixing the disc in rotation with the hub by registering a longitudinal clamping force and associated
rotational inertia with the motor axis of rotation. The embodiments of the present invention furthermore
contemplate a method for fixing a disc in balanced rotation with a rotatable hub of a motor around a
motor axis of rotation, comprising the steps of providing a clamp member comprising a reference
surface assy¥iaiet Widlindédlasclamp 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 with the
hub and attaching the fastener to the hub so as to register the clamp member with the motor axis of

rotation (sudh as 3AQjist f&tﬁ@@pﬂd&fﬂ@ﬁﬂim@g £viar H161gs didoeraysdiaragiensies and 15
advantages (g varlgusthembodlm r]res of th ‘ﬁ% gresent inv ??C{on have be(gag set forth in the foregoing
description, To§ SREF WA SERIE RIS SR & MU R R IR ASPVARLIRL SHRSQIATEE Hidhe

inventian, thisdBelngupgpasaliisstoatimesaidy, and changes may be made in detail, especially in matters
of structure and arraq(?mment of parts W#‘n \a&% r|n les of the rt%{;gsent invention to the full extent
indicated by the bro %ﬂgf rre L é mg/\%‘i% ISR are expressed.
For example, the mannewithattaching th&sfaﬁtetmroﬁo, i motor hub may vary while maintaining

substantially the same furé(r:tclonalltyb(lwnhout dte artlrég romcthe scp r‘bd r?ﬂgm of the present
invention. In addltlon 4K oué)ﬁn% fefeired & ent et SWé LIS i§idsed to a data

storage device, it will be ap;:fra@egatmf:hyet’mmtaihubhbnmme mﬂtﬂranm&Magemﬁmgamf the present
inventign can be applied Bo gther a\{stems I|ke ata %oraﬂe tets0 r cer |f|catlon ems, Servo track

writers, or optical data storage lé)r%sanevﬁ f: Iae% i ng he gg:%ogaé(ﬁsdosplrl ??he present

invention. 13 Wha\vlﬁzrdmme&asalﬂceﬁgztpss Tocatgddlpgyavcaiu 8 fmﬁamgf shdatgistoragrefdisarin rotation
with the hub of a motor thﬂhg fg&pt&tglgn%r% r]g g motor axis of rotation in a data storage device, the 5
disc fixing apparatus comprising

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

15  to the longitudinal axis of the fastener.

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

to the motor axis of rotation.

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

receivingly engageable with the registration feature in a closely-fitting relationship.

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

25  fastener.

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

disposed parallel to the fastener longitudinal axis.

30 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
characteristically arcuate and thereby receivingly engageable with the registration

feature in a point contact relationship.

14



a clamp engageable with the hub comprising a reference surface associated with the clamp axis of
rotation; and a fastener comprising a registration feature cooperable with the reference surface, the
fastener attachable to the motor hub fixing the disc and 10 hub in rotation and registering the clamp to
the motor axis of rotation; wherein a clearance gap is located between a portion of the registration

feature of tige fastamherppakiles BEbladn Fhe RRBR A1k 50l alBN I NEEIAha £IRTPjs adapted for

coaxial registration 1{? to the longitudinal axis of the fastener. 3. The apparatus of claim | wherein the
clamp is ad3FeY $SPUasKPRTRGIY FRgsseab eI th dhsrelaerrs svatiss. iD@ mating apparatus of claim 1

wherein thersg¢deiceRbfpsurface defines an opening receivingly engageable with the registration feature
in a closely-fitting relationship. 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

25 fastener 9. TheTappppatumobeidimnivhrneinctispiegintiatiopiaalerGRABIIES Aashbface
disposed parallel to fhe fasterkeg longitudinal axjs., 30 7. The apparatus of claim 6 wherein the clamp

comprises J5POLIAG DEIAEPALLS ™A B PR S Gl ne A mastrRicirqusk ehetiardn the
reference surfaeagsgelvisacityr isédally tartinake anchihaiehybangbtinigy.engageable with the registration
feature in a point contact relationship. 14 8. The apparatus of claim 7 wherein the registration feature
terminates in an arcuate surface operably engageable with the reference surface in a mating

relationship16.9. THecapparatsobtiiaimt Wwheitiarse ieisigd SeopRping defirgdshyitbe clamp

rece|V|ﬂ)eg ?Qaggl%elgtgly W chl'removable locating member passable through the clamp

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

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

13.  The apparatus of claim 1 wherein the clamp defines a relief notch
characteristically positioned and sized to operably compensate or rotational
imbalance.
20
14. A disc stack assembly, comprising:
a motor comprising a hub rotatable around a motor axis of rotation;
a disc disposed around the hub;
a disc fixing apparatus, comprising:
25 a clamp engaging the hub comprising a reference surface associated with the
clamp axis of rotation; and
a fastener comprising a registration feature cooperating with the 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;
30 wherein a clearance gap is located between a portion of the registration feature

of the fastener and the hub.

15



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 10 feature is cylindrical. 11. The apparatus of claim 10
wherein the clamp comprises a contact surface pressingly engageable against the disc and concentric
with the opening. 15 12. The apparatus of claim 11 wherein the contact surface is annular. 13. The

apparatus of slaimThwhssgincbecéamn definrseanralicfiaptsh sharanieristisaliyigsitioned and sized to
operably cogﬁen‘fﬁt{%ﬂ%gtgafional imbalance. 20 14. A disc stack assembly, comprising: a motor

comprising (5%&‘%{%gior axis of rotation; a disc disposed around the hub; a disc
fixing apparatus, comprising: 25 a clamp engaging the hub comprising a reference surface associated

with the clamp axis,of rotation; a éa fastener comprising a registration feature cooperating with the
reference z{ﬁfacel,%ﬁeea%p&'@ﬁ‘ésr%{t] ?:Wéj c}VﬁFé‘iﬁﬁ‘o‘Eﬁ HeBrikiroane irdegsigrdboiisotation and
registenng thetolaamfs vittotigomotor axis of rotation; 30 wherein a clearance gap is located between a
portion of the registration feature of the fastener and the hub. 15 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 whEtein taectisoptiskassdaiblyegdickarad doxhac thetestesiscekietative flies e disc stack
assembly of claim 14 Whelrein the.reference surface defines an opening matingly engaging the

registration QRERINg matngly engaging the registration feature.
10 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.

15
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 notch

20  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;
25 means for fixing the disc in rotation with the hub by registering a longitudinal

clamping force and associated rotational inertia with the motor axis of
rotation;

wherein the means for fixing comprises a disc clamp, comprising:

a clamp comprising a reference surface associated with a clamp axis of

30 rotation; and

16



10 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. 15 20. The disc stack assembly of claim
17 wherein the clamp comprises an annular contact surface pressingly engaging the disc and

concentric with theagpeiifeg c3hpHRm disecsisakssrmbly ebshriaiid Wietaithe&lamp defines a
relief notch 20 characteristically gosjtioned and sized to compensate for rotational imbalance. 22. A

disc drive, comprising: a B458%u oﬁ?ﬁﬁﬁlﬁrﬁ%&@%ﬁﬁﬁm@%ﬁ% Bpnaty faendéubound a motor

axis of rotation and suppaftingatioduiy fgigerdignheethaipwith the hokbsr 2Rimgapaiionfixing the disc in
rotation with the hub b regis erin& a Ionqit;ﬂdinal c{iliargping force and associated rotational inertia with
the motor axis of ro a?t%ﬁ; W RIS ARE ! REMG EhARTELD Sidls essHAEB 3 RMg: a clamp
comprising a reference suiffdoefassoeratiedithdthud.clamp axis of 30 rotation; and 16 a fastener
comprising a registration feature cooperating with the 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;
wherein a cBfarancehgdjpisdideatschemzewieniitihe oktne fegistiagantigaiere 5 of the fastener and
the hub. 23. Thecgisc dc{ive of claim 22 w. ereéln the means for fixingﬁi}s further .characterized by a

reference siracs Aemi AR SRS RS S s A oP RN s SRR g ho T eagingtFo
registration feature.
10
24.  The disc drive of claim 22 wherein the means for fixing is further
characterized by a registration feature comprising a surface disposed parallel to the

fastener longitudinal axis.

15 25.  The disc drive of claim 23 wherein the means for fixing is further

characterized by a circular opening and a cylindrical registration feature.

26.  The disc drive of claim 23 wherein the means for fixing is further
characterized by a contact surface of the clamp pressingly engaging the disc and

20  concentric with the opening.

27. A method for fixing a disc in balanced rotation with a rotatable hub of a motor
around a motor axis of rotation, comprising:
providing a clamp member comprising a reference surface associated with a
25 clamp axis of rotation;
registering the clamp member with a longitudinal axis of a fastener;
aligning the fastener and clamp together with the hub;
attaching the fastener to the hub so as to register the clamp member with the
motor axis of rotation;

30 providing a clearance gap between a portion of the fastener and the hub.

17



24. The disc drive of claim 22 wherein the means for fixing is further characterized by a registration
feature comprising a surface disposed parallel to the fastener longitudinal axis. 15 25. The disc drive
of claim 23 wherein the means for fixing is further characterized by a circular opening and a cylindrical
registration feature. 26. The disc drive of claim 23 wherein the means for fixing is further

characterizexby aTiniaehsdréacenh e iR Japsiadly tIeRANIsIBE &F%ﬁéﬁiﬁ%gﬁl&o”cenmc with
the opening, 27. A me hodqgar fixingfa disc in balanced rotation with a rotatable hub of a motor around

a motor axid BIFhHdHEY BrifRPIRBYRARYE taian FRERIBE LRI Ry QU B rface
associated witih the2bublampassiisein elidivmiiegisidsin thiba dapemmenberithnsplangidinal axis of a
fastener; agg{ling the fastener and clamp together with the hub; attaching the fastener to the hub so
as to register t?1'e clamp member with the motor axis of rotation; 30 providing a clearance gap between
a portios of the fastener and the hub. 17 28. The method of claim 27 further comprising before the

step of attachjng the, fastener,to tge. th# step of positioning the fastener and clamp into a rough
alignment with the i;}d%rﬁflt%%%g&c am ;ﬁ’ﬁt\%%tc é?%fﬁ%ﬁ@l‘? WURHGY IR A4gPand the hub.
5 29. The method of claim 28 further comprising a step of withdrawing the alignm 18 DISC FIXING
APPARATUS AND ASSOCIATED METHOD FIXING A DISC AND MOTOR IN BALANCED

ROTATION Abstract of the Disclosure
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5 A disc fixing apparatus and associated methodology for fixing a data storage disc in rotation with the
hub of a motor that is rotatable around a motor axis of rotation. The disc fixing apparatus comprises a
clamp engaging the hub and comprising a reference surface associated with the clamp axis of
rotation. A fastener comprising a registration feature cooperates with the reference surface,

registering the 10 claDIS@RTXINGAPPARREUSSIEBrASSchetnp therpetophub fixing the disc and
hub in rotation and registering, t ot ofor axis of rotation. An associated method is
provided for fixing a %ﬁﬁ@?ﬁaﬁﬁ%&ﬁdﬁ@f@ﬁ&%@?&%ﬁ@%m a motor axis of
rotation. The method comprises providing the clamp member comprising the reference surface
associated with the clamp axis of rotation; 15 registering the clamp member with the longitudinal axis
of the fastener; aligning the fastener aﬂg ?Ianlp }?ﬁetﬁfrgvith the hub; and attaching the fastener to
the hub so as to register the clamp mémberwith e motor axis of rotation. 20 Figure 2 19

5 A disc fixing apparatus and associated methodology for fixing a data storage

disc in rotation with the hub of a motor that is rotatable around a motor axis of
rotation. The disc fixing apparatus comprises a clamp engaging the hub and
comprising a reference surface associated with the clamp axis of rotation. A fastener
comprising a registration feature cooperates with the reference surface, registering the
10 clamp with the fastener. The fastener is attached to the motor hub fixing the disc and
hub in rotation and registering the clamp to the motor axis of rotation. An associated
method is provided for fixing a disc in balanced rotation with a rotatable hub of a
motor around a motor axis of rotation. The method comprises providing the clamp
member comprising the reference surface associated with the clamp axis of rotation;
15 registering the clamp member with the longitudinal axis of the fastener; aligning the
fastener and clamp together with the hub; and attaching the fastener to the hub so as to

register the clamp member with the motor axis of rotation.

20  Figure 2
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