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application clains the benefit of United States Provisional Application
Nunmber 60/ 341, 323. Field of the Invention This invention relates generally
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transducé{(u ué”r?ﬂ&%i%% an actuator to selected positions adjacent the data
storage surface to sense the magnetic flux transitions in reading data
fromthe disc, and to transmt electrical signals to induce the nmagnetic
flux transitions in witing daggidt thOfnengion The active el ements of the 25
data transfer nenber are supported by suspension structures extending from

the actuat or .ThI{i@vasidnuelafs @ERGLISy & the ABIAYf AnfagtbragesSddides dindlnddiee away
fromthe data storage surface as the data transfer nenber flies upon an
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continuing trend in the industry is toward ever-increasing the data storage
30 capaciftyngndate Hergeeciissds balgnegdaethtion wid adivetradtai-ng or reduci ng t he
physi cal size of +the disc drive. Consequently, the data transfer nenber

and the discs are continually
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 mniaturized, data storage densities are continually being increased,
data storage | disc speed is continually being increased, and data
transfer nmenber fly heights are continually being decreased. One result is
an overall increased sensitivity to wvibration. Cne source of vibration
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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



t oday demand robust nethodol ogies for attaching the clanp so as to be
registered wth the axis of rotation. In sone approaches the clanp has a
central opening that receivingly engages 30 the outer dianeter of the
nmotor hub. If the central opening is sized in a closely-fitting mating
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storage device. "The disc fixing apparatus conprises a clanp engageable
wi th the #gstedonpri sing a reference surface associ at ed

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 clanp axis of rotation. The disc fixing apparatus further
conprises a fastener conprising a registration feature cooperable with the
ref erence surface. The fastener is attachable to the notor hub fixing the
disc and hub in rotation and registering the 25 clanp to the notor axis of
rotation. In one enbodi nent of the apparatus the clanp is adapted for
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openi ng receivingly engageable with the registration feature in a closely
fitting regbtmaticonsiti {he fastrrigr.as a frictional-fitting relationship so as to
maintain the clanp registration with the fastener. 5 Enbodi nents of the
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surface di sposed parallel to,the_fastener |ongitudi nal .axi§, such as a
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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



i mbal ance. 20 In another aspect of the enbodi ments of the present invention
a disc stack assenbly is provided conprising a notor conprising a hub
rotatable around a notor axis of rotation with a disc disposed around the
hub. A disc fixing apparatus is provided conprising the clanp reference
surface and fastener registration feature fixing the disc and hub in

rotation tﬁ@gaﬁlggﬁe?ﬁl?e"r With 4 1%1@&&5@ a¥istop atfﬁb%eﬂap,ta%nﬁg Ife Atendanfiot ation. In

yet anot her aspect of the enbodi nents of the preSent invention a nethod is

provi ded difip fog¥thBOwih tHestfubl And@t-a3n@edhd RE@hdras the Hub sd ak @ Afgaidrehdiub of a
not or aroun a notor axis of rotation. The nethod conprises: providing a

cl anp nerheaip cempert with theamotet exienttagionf ace associated with a clanp axis of
rotation; registering 4 the clanp nenber with a |ongitudinal axis of a
fast ener; al i giiesrandhvaribasebecicatirs as ovelms advapsagee whydht dharagterize the and
attaching the fastener_to the hub so as to re1gi ster the. clanp nmenber with
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advant ages ,whi.ch ﬁ&ar acterii the 5 present invention will be apparent
upon readPAGEYETY PhECASIACHG cgawg’tgéi | ed description and review of the

associ ated drawi ngs. Brief Description of the Drawings FIG 1 is a
di agrammatic plan view of a data storage device constructed in 1o

accordance with an enbodi g5 &chibGoPsESeDrawiysgntion. FIG 2 is a
cross-sectional view of the disc stack assenbly tTaken generally along the

section |ine Z@. ofs Hdiepradmdic Glandview of afdafatstcrhdeydevidel codl@ehceddarat i onal vi ew
of a portion of the disc stack assenbly of FIG 2. 15 FIG 4 is an
i SOMEDr i acsordamco fwithhen evhizomerdt oF k8. pr8sent fiv&tidn. i s an i sonetric view of the
fastener of FIG 3. FIG 6 is an enlarged detail of a portion of the disc
cl anp assenbl YFIGf 2 s agross-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 diagramof a nethod of fixing the
disc inrotation with the 20 nmotor in accordance with an enbodi nent of the
present invention. Detail ed Description Referring to the drawings in
general, and nore particularly to FIG 1, shown 25 therein is a plan
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wi th an enbodi nent of the present invention. The disc drive I00 includes a
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104 (partially cut-away) which together with the base 102 and a perineter
gasket f cmmomaarstaeduigad Wheprpseavindenigora. seal ed i nternal environnment for the
di sc drive 100. Nunerous 5 details of general disc drive 100 construction
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to a skilled artisan and are_ unnecessary for nu derstandl of the
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actuator 112 has actuator arnms 116 (only one shown in FIG 1) supporting

| oad to arkesachibfori In2hasi@hataciarfnss 16ienigione ShobdBindGL hesuppbitimigdoadar ns 116
nove adj acent the discs 108. The load arns 118 (or "flexures") are flex
menberos tdrems 148 ppwatel dapss the dens 1@ astherbenaor zush lasneveadjacenttthe heads 120
("heads"), with each of the heads 120 operably interfacing a respective
di sc 108 dlﬁzsdoaatTae%@é@nﬁglb&@r\)\'ﬂpwﬁg)a@lféﬂxm?mlmrbthat suppertdataat i onship is

i B ol 5%63@%22@2335&%2%% e IR R R LR L
oener ! e LB o L FOR MR, ace
(not  show); f‘eﬂtﬁﬁgﬁlﬂgs RAhAEned 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



t he actuator 112. Each of the discs 108 has a data storage region
conprising 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 fromor wite data to the data
track. The data storage surface 122 can be bounded inwardly by a circular
| andi ng 720019 39N&f GeduldtRasSTidA R é‘e@[}%ﬁ%{%cti WHRE theAfRdmREe cikdif dfaSpect i ve
discs 108 at tinmes whenthe discs 108 are not spinning. Alternatively, the
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conprises one or nore magnets supported by magnetic poles to conplete the
magnet i ¢ d$csd08t. When controlled current is passed through the actuator 6
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130 noves,..the actuyator 112 pjvats around the piv b i 115, causing
Uhe headar203end aptikrarmd, wiifisajip tndidy Bomes Suactlo2 1! LR iqdis cambl
106 spins i ' t d.. data from
106 P! Mol BGor A M UL GAERG Ay 05 BARtunk A kRdgs dot

secti onal il W Rick aBsehdt] Y306 AL YSmplisE§ a SAAEK1 RBRETHY Yl 20 peRblei Ng one
disc 108. The disc stack assenbly 106 al so conprises a notor 150 having a
hub 152 gpetdl aroundd Rihdidhdind agisnd4amoairakisudiraaliox The 1x4 108Bbos axi s of
rotation). The disc 108 has a 1o central aperture 156 through which a
portion akntrilepture 15 tipasgheshimhd polteondifsiee hiiB135passasppdteedisafnisa pl anar
surface 158 defined by anot her gortion of the hub 152. FIGS. 2 and 3

i || ust r atseppertedappn aptanansuaface Aa8 defined barearother pertian lobthewlid 52. r especti vel y.

The clanp 160 general |y conprises a_central support portjon 162 and a
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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 clanp 160 is a spring
menber such 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 attachnment forces
applied to the support portion 162 20 deflect the contact portion 164

rel ative {QxiaDEorSARRRR tHRQEhKAMXKOB3L R}t%ﬁ{i\@el%,hﬁe oﬁn%{goimah%%?fs@tgai nst
the disc 108. FIG 4 is an isonetric view of the clanp 160 of FIGS. 3 and
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radially froma central axis 163 to a distal edge 165. An aperture, such
as an il | estivato the centrauk@mrl6dperture 166, is 25 defined by a reference
surface 168 and is associated with the clanp axis of rotation relative to
the central axitavill b8 nofedthas ergricaing 196 ongmelap dsseerated withheclaned by FIG 4
the reference surface 168 defines an opening 166 di sp,osed,cogxi ally with
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axis 163 so as 10 register the clanp O ftor eccentric rotation relative

to the cegiladdsiieebfidwhbie thd bisc P68 RYiRLd tdiatvelth neOmedr AGis bP6 is simlarly
associated with the clanp 5 mass center (not separately designated), and

hence | i kewiti®a. associ ated with the clanp rotational inertia. For exanple,

t he opening 166 can in one enbodi nent be nonconcentric with the central

axi s 63 to priw oenag lE6dehkewise babaated mgthftbe pesitidiing of thawoiltectadvant ageous
where the disc 108 is biased relative to the notor axis of rotation. to
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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 tool receiving feature, such as a Torx® brand characteristic opening 207 (FIG. 1) is



oper abl y engageabl e agai nst the disc 108 in a single point contacting

rel ati onship. In 15 one enbodi nent, the flange 172 extends annul arly and
concentric with the opening 166 (FIG 4) so that the desired anount of
clanp 160 eccentricity, if any, determnes the location of the clanp 160
interface with the disc 108. In another enbodi ment the flange 172 extends

concent ri eghbyintht He&cﬁﬁm‘%ﬁ Dhdeho e exl emBRt YTt AGeROVB00QsidnGR: 2 and 3,

the disc stack assenbly 106 further conprises a fastener 200 for

j 0i ni ng tthﬁmcg@mpeaaé@fgsgengbe hub 152. In one enbodi nent the fastener 160
conprises a spiral-threaded portion 201 and the hub 152 conprises a spiral
t hr eaded bor e Tie¢Xasteree 200 figther engpgsien g redietrdtaatieatere tRAGs engageatddir eadi ng
engagenent. FIG 5 is an isonetric view of an illustrative fastener 200
const r uctwith tha rofEreaee srthan d €8 (F1Ch 4hncgistonng therlanf 1ethwelasiveseat i nvent i on.
The fastener 200 has a head _ portion 204 defjning a dianeter greater than

the cént rlangigjounal axia 29%ef the dxriansr 20 gr exal)nplesﬁj@hllwaf%faa@aﬁq Y Aurface
206 th

foat ore, A RhEDR G be A ERT RS A B BCE R sy R T) 1 62 g
def i ned 200
(such as PpdRFiea8bretta 810, M MAneinsFRAROETEN oBlndeR HEALE O Pes
a regist rr@éé@ﬂg?%ﬂéé@e@bl’é%ﬁhlﬁ ﬁae‘%i%gﬁﬂgqgé?na%&&y?ﬂ&%&fﬁ%ﬁﬂﬁﬁ surface 168

(FIG 4), registering the clanp 160 relative to"a 5 1ongitudinal axis 208

of the fastenarG266s af&ﬂax?&@ﬂ&h@of&h@adtédeﬁi@@ apdryty bAgdeeaenthahOhes FIG 5
conprises a registration feature 208 having a surface di sposed

substi@ant i 52| therepg lpedskiaglytemgagmg therdarbp tib(hagairesx ihe ha08 52 aftdvifl lubvet doged
characterized as a cylindrical surface receivi ng@;/ engageable within the
openi ng 188 dua taythelctnselyyfitting relpigpnshipaof ithnal inp 16§ piwl the fastengn 200y thg ged det ai |
of the fastener 200 operabl ed with the hub 10 152, thereby
pressi ng|maa*§slﬁf§reflﬁé the *a%pl ta@ aftachmenhf the fpsteger 200;to g 'l‘“boe not ed
t hat due t he.close] y-fitti t|o Shl gﬁ heca 60 and the
Fact ener 138010 pite" Vaaperest PugieRafus T o BSmE T imafl achnent o
the fast qgt%fallg%)laﬁ\oe foltfie Qt't‘at%hed 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 resuiting 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 clanp 160
to nove 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 nmintaining the clanp 160 registration

with the fastenel 208nRekasIE valnl ACHERRE 10 (FIS 2)Mihe H2B.15Thirke 88 angenent

|l ends itself well to an automated assenbly procedure wherein the clanp 160

can be regfithé Rfc@l@ldglﬂntr&l@mfmttwgfenaﬁb@ 230, 2425¢:B s sebkY isb@bi @ 20 away from
the data storage discs. This prevents any particulates resulting fromthe

i nt er f er eproeidé ntdesiregl qualint afoosdh gighmem éfahé clhagmpaléOoritnahub 182 gaba st or age
surface. As illustrated in FIG 6, any particulates resulting fromturning
t he fast eattachpgengof thadastener 28hment will fall harmessly into a clearance
gap 213 within the threaded bore 202. Were an interference fit_ exists

bet ween the optiithge 28i6d anBIG (Kdhe slgp 109 Gogprisessonpesing planohigees 344c an be
d t t t th I 160 . t tati wh th
et o SRR PRRs Heg BRPakirias eh et A et e 1
il at i . 4 | b
Geri ned. oy TikRnPOROR dRRRIE B fer TS BRA! foiEEnd i bty Hhad®l 05 b1

l'ocating fRMR&ELy REERiIRSy erfbab QBRI AR (A BeitRionSBAMY200THE poftdbiiAst P n can
be passed through the cl'anp 160 and 9 have a distal end engageable with an

apert ur e Refofidhigs TR} mifinihe thelBmddm.of PhicElafs tha® mijittel coguddd /GhPI N
relative to the apertures 240, 242 can be selected In order to provide a
desi red dfiastbndr200fis atowalddd. al i gnnent of the clanp 160 with the hub 152 prior
to attachment of the fastener 200. 5 1t wll be noted in FIG 6 the clanp
160 conpri ses dlwrosativedy. ptherra sliplateetweps, the pfgrenge syrfiape1&dngrtheice sur f ace
168 connecting. the faces 244, 246. Preferabl an interference fit

is desir a"SB‘ét,rgth’i’efe?téWee%@rfé Qeséﬁpﬁeag@n PBeéeIiaElyéﬁéF%%?rrégP% tsatse P99 ar cuate  and
et by TSELDRL SUSRRRERLF A AT AR By BRI uRRR L 7 P
be creat efheag atrgaﬁingjrglafigl%lhﬁf efhigpagiljtétesaéénﬁﬁﬁf gisposing 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 termnates in an arcuate surface 248 operably engageable with
the reference surface 168 in a mating relationship. This facilitates
centrally disposing the fastener 200 15 wthin the opening 166. The disc

fixing apmfé;ag%g%&%gbmﬁ o%é]%dﬁﬁ%ﬁF%h%a%%%&o@ecﬂﬁéﬁ i @1951%) sassgTbly with

signi ficant roved rotationa nce performance characteristics. In

one pr ef epy @dingiORkiBEMdtch 252 insthél@ftal addec1 850 coaxially align the clanp 160
with the hub 152. This is likely the case when the disc 108 is centered
around t he hubTHS&nbddméws of therpgdsynt ihtentiopenntemplbda disulddvdbe central |y
positioned in the clanp 160, such that the clanp axis of rotation is

coaxi al wsanprising ahaseqn WYL FePPosri 8y IedasThempagingabpb opgablisetr@blsr essi ngl y
engage the reference surface 168 wthin the opening 166 in_order to

regi stier ¥RENGA lopgitadipalayisy pdise dispessdareupdghe el aad meansfos gingthe f ast ener

200 ld th he at h t he h 152,.. i steri th I [ f
T N N R A e e A A R P
A di ngl. i : ' : ' . cl
axi s of Tt T rPRRY At bR uelNpuolik BT o iRl Alerkidin T T

al i gned. {Retuisihie dritbddiffent§ herdfilabSe Rt fudiArddnf ofd S@RpMR$S di stribution
can be made to conpensate for rotational 1 nbalance. For exanple, balancing

wei ght cagmbsiimestecet fdioh trotht Aeavah @ the(ii@ins $HANINg c&ftex’ﬂ?ﬂa&@@ih@ﬁ wei ght can
be renoved fromthe clanp such as by defining a relief notch 252 in the

di st alo edgmivhfnt erhhedierhBdvheesih sheoflarhp eoppess ntrefemnea turfave assocama at e a
disc drive conprising a base, a notor supported by the base conprising a
hub oper awitly peuitienindihe clanpadspbirogatiopn gurtherimea¢, theiingansgfogfixiagdi sposed
around the hub, and neans for fixing the disc in rotation with the hub by
appl yi ng @nfErRjtesembrdiments wherrn f fpteacheampiing fagstratip featugis nur poses” of
the present descriptjon,.as explicitly apd inplicitly descrjb in the
11 ust rat SEEEMFOUtH S EreHBPE P ks Bvarpa T tentEs pgassti AT ar y
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.
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enbodi nents set forth in the drawi ngs, the neans for fixing contenpl ates
ot her to equival ent enbodi nents wherein the clanp conprises a reference
surface associated wth positioning the clanp axis of rotation.
Furthernore, the nmeans for fixing contenplates enbodi nents wherein a
fastener conprising a registration feature is engageable with the

ref er ences R LGRSy, aalf f B bARIVBRREHR 16 RERARADDL1iM1AEs fB/ b so as to
register the clanp as desired relative to the hub axis of rotation.

Accor di ngdcyapinidadtiof ofemiferfe@énckifit Ng expressly does not contenplate prior
art approaches involving a clanp with a clearance aperture receiving a

f ast ener nenbeW,ithwheloeation dfehe bprani repndsternperdnm thdock 3O2 caraintpe sige bethposi t i oned
i ndependently of the fastener position. FIG 7 illustrates a method 300
associ at expepingtang flee iegtsationelisatyredeternineddip beckt304. he stammbad ther ei nabove for
fixing a disc inrotation with a notaor., First, the 20 desired c|]anp

r ot at on XPRErican IeP P Dreyiqasin hiack 3000 The IERSHRkPS 17a50Tadt SRR n bl ock

302. For exanple, where.the Oor suppor.ts cent ral dji sposgd di sc then
Pt s 1 kR BB PTG o 5 R0 B e PR B b 6Nl T s o
rotation; r.di.ngl J 0t : y

| ocat ed. fgﬁé xge?ﬁg{h?gg ?/C,hggvﬁoetrh g%ﬁgﬂgiﬂg}l{l%@ lﬁ#gdsge)g)%gits%gge ‘ﬁ@ﬂﬁ’iw&%t ageous
to of fsetptfdg clanp in the opposite direction for 25 bal anci ng;
accordingly, the opening in the clanp would be offset. The fitting

rel ati onshi p dh sihendirgghsembddiments &8 the fRe@idiniiieiodl cdfRngidee b dgci S

determ ned in block 304. For exanple, in one enbodinent an interference fit
i s advanfixiggepparatps v fidingp data gbmge den (Suoh @e 109) ih hetacdrawph sl hubat t he
subassenbly can be noved toget her w thout disrupting the clanp

regi st r at(@eth asd S2hef 7 metasfaich ag 150 areynden MoK pxis #f 5tatipry (suchcasnl SPein
advantageouys to mnimze particulates fromthe scraping action of an

i nt er f er ehtd? ftPragedpyiRe {sHeh potlDi dRe disc fixdeApaAiaiY CaBPEFF 1&8™Pn bl ock 302,
dth i f i d.t i strati f eat det L.ned i

bl ock s0a°018 1ePhfhs SRTESHbE N PEREF Aot n Rl BT E R ock 306,

The regi sirgkl 8 fs t@sto'dfat deéiﬂf{h% ; ’%%Ee Bgmwr%nr %@@ﬁg?&i@gﬁp%&s' n bl ock

308, so as to register clanmp ast ener.
15  further comprises a fastener (such as 160) with a registration feature (such as 209) that

o

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 notor in block 310 in order to register
the clanp to the notor. In summary, the enbodi nents of the present
invention contenplate a disc 10 fixing apparatus for fixing a data storage
disc (such as 108) in rotation with the hub (such as 152) of a notor (such
as 150) around a notor axis of rotation (such as 154) in a data storage

device (Such apncQfiloqidBits 8f B isthiioy ARRATAEINER IS8 i@ (such as

160) that is engagea e w conprises a reference surface
(such assté&&)ssénﬂﬁg(du‘éh@§$@®'c@hﬁﬂsiﬂg&ﬁb Ho®rahd @R #xk 8 ifotdtdhatitiPme The di sc
fixing apparatus 15 further conprises a fastener (such as 160) wth a

regi st r atdisnfitiagappaaths UThe @nb@BMpents béthe praseaviapattmbl fertidrinord he ref er ence
surface, and the fastener is attachable to the hub, thereby fixing the

di sc and ¢vateniplate gtdésci dsivedsithrae d DEx comimigingttbe olotorpnd discland mewos faaxi s of
rotation. The clanp can be adapted for coaxial registration to the

| ongi tudi fixing g discon rotation W@hﬁ%ﬁslﬂ‘%‘@f re&ﬁ&?”“@r‘i‘lt)ﬂﬁlwdl@hélﬁ{n@&l&‘f@l’cecoaX| al

re|strat|0n tOt mot or. .axis Q |Strat|0n The ree ce Surface

or of or abl eyl dipssacia @fﬁt@a@lﬁflﬂaaw@%ﬁleF%@?rwlseﬁga@a% TS FRROAREN & ot r at i on
feature | %qsn?ve%u %&1{1{% 1%' Eﬁ?%ﬁ)ﬂlég el Q“a P fi m adl&ok baiarrpctde dto, a
frictiona |OnS eregls |On%( ture Can Cor’rprlsea

surface %@%ﬁ% tm& hapowﬁm?o'} a}&tﬁ,h%nﬁami 00bf HARAl cpSinguch as but

not limted to a cylindrical registration feature receivingly engageabl e

within a gk kepd ef pro@ldfieeél8mp Widhde® corhPhsih£h sfeRAC: arfat@sRosiad Wad ar cuate
so as to define a point contact with the registration feature. The

r egi st ata dampeaiswfeotadon {such ie302306)defisteeing theadlaphengber tithra mat i ngl y
engageable wth the arcuate reference surface. 12 The enbodi nents of the
present i lovgitidinnh agigof héastamer(soonaseiff)atligningdhs basteseranid chagsetrgethef such as
106) corrprl SI ng the notor and disc fixed in rotation with the disc fixing
appar at usWithr diateshing e fastemepiodhe Rub sodiptregister e chammember

ﬁgg;gr?lo?t %h 6hedrlngt((:)r g{lls \(;Fro(tastll“cl)%rlsuc?l asg?a).corrp“ sing the motor and disc and

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 | ongitudi nal
clanping force and associated rotational inertia with the notor axis of
rotation. The enbodi nents of the present invention furthernore contenpl ate
a nmethod for fixing a disc in balanced rotation with a rotatable hub of a
not or arﬁgﬁgta tor,.axis of rotation, conprising the steps of providing a
clamp ne dﬂ% Qlﬁg a reference surface associated with 10 a clanp axis
of rotation (such as 302-306); registering the clanmp nenber with a
| ongi t udi nal aX|s of a fastener (such as 308); aligning the fastener and
clanp t oget herA digF fRingRPPAIEHISA i4ng adRtarieresrdisa i ioreon Mt the hlub so as to
regi ster  drienGhAmR: SROREDI dbid 4 6ol Bk Rlof AthorCth o AlAkLAD. bHG uits 310).

is to be understood t at even though numerous characteri stics and 15
advanbagehmnﬁmngapmwmueuhmubhgnts of the present i nventi on have been set

f th th t th th det 1 1 t
o funat | oo R0 PhBge e R RAL A IR bt SRR ReSipdd P oty i T

illustrative only, vaigdthehangesiieyrobgionaide i n detall especially in
matters of structure and arrangenent of parts wthin t he principles of the

present i nventd fafenes comprisige  resisterioniferiieLoeperalie tHI the BhereREner al 20
meani ng of the te”gﬁrf’a% W Gl ﬁéi'%ttéc Sl;éqs%e%gﬂopﬁu@f]ﬁm%)lw $§<ﬁ$ﬂi For
exanpl e, the manner attach ing t astener tot may vary
whi | elormai nt ai ni ng lmbbsrcaanoredddyegﬂsterisgthe damg td the aldatenyaxv afirotationtepar t i ng
fromthe scope and spirit of th res i nventio ddi ti.on, although
the. pref err od BRI GESEH FaeararFen Aboph 8 Pect o [P or age
device, it wll be IpR Rsteadraddbe tdvose skilled in the art that 25 the
teachi ngs of the present invention can be applied to other systens, |ike
data storage test or certification systems, servo track witers, or
optical dala ShREGanIXRLAIE 1 Wi the AERAT IABhTABLAG RERRGIANT SPT it
of the present h%nvgnt}on ﬁﬂg e 8 e(ﬁ ﬁedﬂcgagte 1. R gll sc%%H)g(tllng
apparﬁtUSORmmmﬁynxmgﬂaxﬂaf&mﬁh@ﬂuge dISC inrotation with the hub of a
notor that is rotatable around a notor axis of rotation in a data storage
device, the 5 disc fixing apparatus conpri sing:

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.
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a clanp engageable wth the hub conprising a reference surface associ ated
with the clanp axis of rotation; and a fastener conprising 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
clanp to the nptor axis ati on; rance gﬁg?i s | ocated

f wher ei |
bet ween & por t} r‘r‘pB‘fratt“ﬁé’?F]@{jggt‘Ylﬁf‘?%H‘efrgg‘%ﬁl?tgonaf(?gwfe%gwlé‘g&e " and the hub.

2. The appafaad dusfaed oﬁér@dl?bﬂ-gd@@ﬂﬂ_@iwﬁlthttﬁ'@re@ér@lﬁﬂé susfagdiapt @etidgor coaxi al
registration 15 to the longitudinal axis of the fastener. 3. The apparatus

of cl ai miglatipeshdl.n the clanmp is adapted for coaxial registration to the
notor axis of rotation. 20 4. The apparatus of claim1l wherein the

ref erence surface defines an opening receivingly engageable with the
regi stsratgd.on fEetapparaius oéclaimd dhgthdricompniging @h apewing defimed Wy. thd blempppar at us

of claim4 wherein the reqjstration feature i s engageahle in. t openi ng
Ch & i1 GESONERSEReAsERe Sl g 1L Famier B RaC thrdrey e g mer ot 1 on
Wi th the and2nfashfBith the i BODRCBIMSarf hub idirbladomher ei n the registration
feature conprises a surface disposed parallel to the fastener |ongitudinal

axis. 30 7. The apparatus of claim6 wherein the clanp conprises opposing

planar fages ety m&usro?ﬁﬁ{rﬁﬂ%e%iﬁft C{j)eﬁ&g'}%ﬁ&ﬁ% fhihd égﬁﬁati&ﬁer.e' n the
reference surfacerrs  characteristica arcuate and there y receivingly

engagwablfeatutetibicylelricalgi strati on feature in a point contact rel ationship.
14 8. The apparatus of claim 7 wherein the registration feature term nates
in an arcuate surface operably engageable with the reference surface in a

mating rgl at imeePpiatud of clalkh @0 AR tHeSlBhp 6ddpiRed afcohtabeurfag@pri si ng an
openi ng defined by the clanp receivingly engageable with a renovabl e

| ocat i ng RiesyBElY prasceblecagatnsbilg diseiaad epnegptric 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.
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and engageable with the hub to fix the clanp and hub in rotation. 10. The
apparatus of claim4 wherein the opening is circular and the registration
to feature is cylindrical. 11. The apparatus of claim 10 wherein the clanp
conprises a contact surface pressingly engageabl e agai nst the disc and

concentrigc w th the opening. 2. .The aratus. of cl.aim,11 wherein the
contact sutfac ei@’pé?‘i‘ﬁiflozircgdlmjl]g.%qﬂ%‘nzlbep‘agﬁf)&coﬁm P’éﬁf?tire Qi n the clanmp
defines aohghidehal ALl theathaéaet eri stically positioned and sized to operably
conpensate or rotational inbalance. 20 14. A disc stack assenbly,

conprising: a notor conprising a hub rotatable around a notor axis of

rotation; s a Opfe, bﬁaﬁﬁs(ﬁ(élaﬁhqqm?]éraﬁt z'mr%gisddqaﬁiailg)féé}?et%ﬁl?@ﬂét us,
conprising: 25 a clanp engagi ng the hub conpri sing reference surface
associsat emdotor tkistoheotatgdnanp axi s of rotation; and a fastener conprising a
regi stration feature cooperating with the reference surface, the fastener
attached to the notor hub fixing the disc and hub in rotation and

regi stering tehedigdRaod dsberhbl@ offBlafth 12X Heredh tHeGbREdnes surBe\WBRn& 4 a

cl earance gap is |ocated between a portion of the registration feature of
t he fast edSpngdmatingly engaging theymsgistrpldonpisp@iFat us of claim 14 wherein the
clanp is coaxially registered to the |longitudinal axis of the fastener.
16. The apparatus of claim 14 wherein the clanp is coaxially registered to
the B notdhr akhesdied staak asenshly of ZlairfTfAé wdiesin gteackistasmarfbdtyreafomplriaesm 14

sher ol LS L SLENCS UL AS T RHRERo AR RRFRLGY I Nl Y engagi ng the

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 assenbly of claim 14 wherein the registration feature
conprises a surface disposed parallel to the fastener |ongitudinal axis.
19. The disc stack assenbly of claim 17 wherein the opening is circular and
the registration feature is cylindrical. 15 20. The disc stack assenbly of
claim 17 whereipn the clamp. conprises annul ar _.contact surface pressingly
engagi ng the df GRCBSEBRRBE Pe SRR EREROERTRETE JI R fSepRe ol ack
assenbly of clai m lshrfabsnied fasteher atthétivd 16 ee Me®r Bub fkingfthddikeind b
characteristically positioned and sized to caonpensate for rotational

i nbal ance. 22. A dil8codrpw and eiisrngithigclamp pydeihe moysrakisy ratahstior

COMPI i $1 NG & NYRerBRS Ablinck ¢t ABkAePbQUBth ApBlbRbr 1L SsRlidGtablon and

supporting, in turn, a discdisposed around means for fixing
the dissc in rotati oof thé fastenéreandithe lwp.r egi st eri ng a | ongi tudi nal cl anpi ng
force and associated rotational inertia with the notor axis of rotation;
wherein the neans for fixing conprises a disc clanp, conprising: a clanp
conpri si ngg.a refeadisdevesaficl A2 2a8596inakhetemstiBr Axiabadfurdst s of 30
rotation; and 16 a fastener conprising a registration feature cooperating
with the Gherasreaidedby agifersaes surkige defutinghan opgningc AN heRgienNgdher hub fi xi ng
t he disc]%%gng fehtlr Ot @ation and registering the clanp with the notor axis
of rotatioR; ereln a clearance gap is |ocated between a portion of the
regi storation feature 5 of the fastener and the hub. 23. The disc drive of
claim 22 erei,n the nmeans, for,fixing is further . ch terized by a

refer enceﬂgurf f%:ee&%feql?vr%oﬁgflaélﬁl 2ozp“é ‘?r?%g t% F?{bc’l 9r é’ﬁlagésft:@%?%e regi stration
f eat ure. cHaracterized by a registration feature comprising a surface disposed parallel to the

fastener longitudinal axis.

15 25.  Thedisc 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 claim22 wherein the neans for fixing is further
characterized by a registration feature conprising a surface di sposed
parallel to the fastener longitudinal axis. 15 25. The disc drive of claim
23 wherein the nmeans for fixing is further characterized by a circular
openi ng a | i T e ' 3 ' ive of
claim 23%& efl‘)né I%lﬂg&irrggﬂgﬁq{%? ﬁﬁh)%% %(gﬂ?éﬁ%ﬁfﬁlgrthg%ﬁ%rgg%%%hﬁ]%égé by a

cont act dastéree ¢o the hube stdpanfjpopitiesing g fastengragid oipniphi@tads smghat gni@ént
concentri.c. w,t he opening... 27. met hod for fixing a disc in balanced
Foratt on it edub Y apSREreHilignfienbmibg: troyeh pRernEtades ARPeRd R o at i on,
conpri si ngb. providing a clanp nenber conprising a reference surface
associated with a 25 clanp axis of rotation; registering the clanp nenber
with & longitudinal axis of a fastener; aligning the fastener and cl anp
toget her 4y th 3 achd : as to register
t he cl arrp”r’renbfeﬂréemvmagﬁd ?ﬁg&ﬁgmf)% ggthgg?oé@?&?%?gatf # gg%ﬂg%ljag?b%@ 8i ng a cl earance
gap bet wedignmemon¢mber fofm theecldrap tmdhihe hab dftehatabbilng thelfast2ger td e bt hod  of
claim27 further conprising before the step of attaching the fastener to
the hub a step of positioning the fastener and clanp into a rough alignnent
with the hub by passing an alignnment nenber through openings in the clanmp
and the hub. 5 29. The nmethod of claim 28 further conprising a step of

wi t hdrawi ng the alignment menber fromthe clanp and the hub after
attaching the fastener to the hub. 18 DI SC FI XI NG APPARATUS AND ASSCCl ATED
METHOD FI XI NG A DI SC AND MOTOR | N BALANCED ROTATI ON

18



Abstract of the Disclosure A disc fixing apparatus and associ at ed

nmet hodol ogy for fixing a data storage disc in rotation with the hub of a
notor that is rotatable around a notor axis of rotation. The disc fixing
apparatus conprises a clanp engaging the hub and conprising a reference

surface associ at .} ' [ er conprising
a registration r@%t%‘ugﬁ&‘gg‘e&af@%%ﬂéé%@@ﬂ%%%f ace, registering
the clanp w th HIXINGSA ®ISC ANDEMGEOREN BAL. ANCEDhROTATION not or hub
fixing the disc and hub in rotation and registering the clanp to the notor
axis of rotation. An associated nethod is provided for fixing a disc in
bal anced rotation with a rotatable hub of a notor around a notor axis of

rotation. The nmethod conpri s%s&ragyhﬂh@g)lwgslﬁkanp menber conprising the
ref erence surface associated wth e clanp axis of rotation; registering

the clsanp nenbgidisdifixng X}@afaﬂ&%nﬁ%@éd&?akecﬁﬁbtﬁo@ﬁlo%}t"ﬁ)rffi%ﬁge(ﬂ@‘{ta stafa!gem ng the
fastener and clanp together with the hub; and taching the fastener to the
hub so asdikoin roeagos wéth thdeutcdfeapotoe e is rotatdbld eundi atot@axs off rot ati on.
Figure 2

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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