-1 POP-ON DISC CLAMP FOR A DATA STORAGE DEVICE Field of the Invention This invention
relates generally to the field of magnetic data storage devices, and more particularly, but not by way
of limitation, to a pop-on disc clamp for a data storage device. 5 Background One key component of
any computer system is a device, [such as a data storage device (DSD)] to store data. The most basic
parts of a DSD are an information storage media thaj is rotated, an actuator that moves a read/write
head 10 (head) to various locations over data tracks of a storage media, and electrical circuitry used
for encoding data so that the data can be successfully retrieved and written to the storage media
surface. A microprocess toft fi t j ' anging data
between the computer sﬁgtg%léﬁméD@DgW@?n§?§%F?a%eﬂ1%gé@?£§{g§%ith DSDs and
data storage device assemt arecosteffective iques forclampingdiscs-tc
hubs. A reduction in component count or pr%gf£0$§%peﬁli@én?§é%n frequently yield_s cost savings in
excess of the component purchase price savings or the direc savings from the eliminated process
step. Process step elimifiatsonpeventslags @doensty R0lentchboflingdamdge socagmtered at that
step. A reduced camponent Sount MeaNs, JoWel samReRanisnest ipkeorsied agke and
controlled, thereby avoiding overtead Costd associated with {hose corﬁponepnt%. or exampPe, clamp
rings that dependemfdstestersgo d&stcre the clamp ring to the motor hub, and to develop a clamp
force used ta.assure the discs remain 25 substantially fixed, relative to the motor hub over the life of
the DSD generally include a plurality of fasteners, each of which has an opportunity to be dropped on
the surface of the disc causing a ding in the disc. Baddigioneily, variations in the amount of torque
applied o each fastenerigags 0. SaNINA ' AP a6 e JRAR s a0 ndeslible Hpzout. In either
case (dings or coning), the resultis a

storage device (DSD)] to store data. The most basic parts of a DSD are an

information storage media that is rotated, an actuator that moves a read/write head

10 (head) to various locations over data tracks of a storage media, and electrical
circuitry used for encoding data so that the data can be successfully retrieved and
written to the storage media surface. A microprocessor controls most of the
operations of the DSD including exchanging data between the computer system
and the DSD.

15 Among the challenges associated with DSDs and data storage device
assembly processes are cost effective techniques for clamping discs to motor hubs.
A reduction in component count or process step elimination frequently yields cost
savings in excess of the component purchase price savings or the direct savings
from the eliminated process step. Process step elimination prevents rework costs

20  and handling damage encountered at that step. A reduced component count means
fewer components need to be ordered, tracked and controlled, thereby avoiding
overhead costs associated with those components.

For example, clamp rings that depend on fasteners to secure the clamp ring

to the motor hub, and to develop a clamp force used to assure the discs remain

25  substantially fixed, relative to the motor hub over the life of the DSD generally
include a plurality of fasteners, each of which has an opportunity to be dropped on
the surface of the disc causing a ding in the disc. Additionally, variations in the
amount of torque applied to each fastener leads to coning of the disc, which

translates to undesirable run-out. In either case (dings or coning), the result is a



-2 need to re-work the DSD, further exposing the DSD to handling damage. In this example both a
reduction in component count, and an elimination of process steps (torquing the fasteners) would lead
to improvements in both cost and quality of the DSD. 5 For another example, a DSD configured with a
shrink-fit clamp ring is subject to variations in the process, which lead to disc slippage or disc coning.
Additionally, special equipment is needed to apply shrink-fit clamp rings to motor hubs, and to remove

shrink-fit clamps, which have Qeen t shrynk to mator hubs_ jn order to re-work prqduct found to
o defocie chREE LD R A S o EU PRI i A58 et e et effoctve
techniques for seexiinglelisas toredattiohubhs @hpaiiamtosage drlicediSuaroans pkdsoessnvgntion In
accordance with preferred odiments, ethod,.apparatus and 15 combination are prqvided for
ciamping atorage ISHATE! B B B 18 BT AL B 2ot RIS LSty o the
data storage devio8DOn one embodiment, the disc clamp preferably has a generally disc shaped body
and includes_a central unting aperture, an eripheral portion extend) in a radial direction from
the central n?ounting ap ﬁﬁ?’89%‘?5@’?3‘6‘1?}?h%qgggﬁr%cf%lbgﬂ%gmf%aa%éwgfégi%lgﬁ%g}% 3 proximal end
of the peripheral pasitentdAvaenniotarinrthdppreferentinlyléadnediso thepetphetiat poriion, which
pressingly engages the storage media to clamp the storage media tp the motor. hub, A tool
Bggement oq LRSS SN B PR LA BRSOk E T HMIFSBfguration.
the annular rib is ladjscent to thredootlengadie olempre gibivlahaviobatah &b tetwkeo thedoblibnd data

region and the centrahrrg?untlg\% ertLdlrl%t %8 %%otthﬁg\ger%%?(g‘;@%rg%of the present invention, the

preferred steps of tRE Thethod 10 (ﬁléomplng tHe s orage media fo the motor hub include; securing the

disc clampMWith a retentiorspdrficmbésesoumtingaabl expbpdiigsafoisoc@arptcenitaffentuating
aperture with a deflection. portion of the mounting ool aigning e diec 80;clamp central mounting
aperture adjacenta retention groove %fdfﬁe motor Nub ag well a8 AdEnhular fib of the disc clamp
adjacent the storage media.
Summary of the Invention
In accordance with preferred embodiments, a method, apparatus and
15  combination are provided for clamping storage media of a data storage device to a
motor hub of a spindle motor assembly of the data storage device.

In one embodiment, the disc clamp preferably has a generally disc shaped
body and includes a central mounting aperture, and a peripheral portion extending
in a radial direction from the central mounting aperture. Preferably the central

20  mounting aperture is adjacent a proximal end of the peripheral portion. An annular
rib is preferentially formed in the peripheral portion, which pressingly engages the
storage media to clamp the storage media to the motor hub. A tool engagement
region is provided at the distal end of the peripheral portion. In a preferred
configuration, the annular rib is adjacent to the tool engagement region and located

25  between the tool and data region and the central mounting aperture.

In another embodiment of the present invention, the preferred steps of the
method for clamping the storage media to the motor hub include; securing the disc
clamp with a retention portion of a mounting tool; expanding a disc clamp central
mounting aperture with a deflection portion of the mounting tool; aligning the disc

30  clamp central mounting aperture adjacent a retention groove of the motor hub as
well as an annular rib of the disc clamp adjacent the storage media.

The preferred method steps continue with extracting the deflection portion

of the mounting tool to pressingly engage a compliant surface of the disc clamp



The preferred method steps continue with extracting the deflection portion of the mounting tool to
pressingly engage a compliant surface of the disc clamp -3 adjacent a retention surface of a retention
groove, which develops a preferential clamping force that is imparted on the storage media through
the annular rib. The preferred method continues with g release of the disc clamp from the mounting
tool, an eschewing of the mounting tool from the motor’hub, and a conclusion of 5 the preferred

method. These and. various other feat d advantages that cterlze the claimed invention will
edrndlont % G-lig bl ettt i e ek b e R

drawings. 10 Briafliieseigoiieccohibe Dripuirdk ke i@a@@@ﬁtﬁh@ﬂﬁo@‘gkﬁmmﬁlﬂﬂvibwmea data
storage device (DSD) that incorporates adls cla p of t referr bodiment of the present
venton: F10. 2 UGB P B TR AR N 16 e R BEATARE Dby,
cross-sectional etewatumbh@w@ametmbhubn@nwﬂfmhamm@bﬁﬁbﬂaﬁlCq;célntsha;mtcﬁWay, partial
Cross- sectlor%al el vatloF %f ?b wing dimensional relationships between the motor hub and the
disc clamp o FIGD] PTEIRET ~away, partial cross-sectional elevational view showing 20 further

dimensional relationshipBhestwae vdfieusothsrfulnaes the alsenthapioft &i@adteﬁietlfé is a cut-away,
partial cross- secthnal e evatlonal view showin '%stlll furth&r dl{gertlgfnal re ps between the

motor hub and the dISECIAMB " M "dd pafer %Sl %Sr%i‘lp {&Vational

SR e
view showing a mmmgrm@é\f@bfmmjﬁﬂmglﬂﬂﬁldimp to the motor hub, each of FIG. 1. FIG. 8is
a cut-away, partial cross-sectional elevational view showing the mounting tool deflecting the disc
clamp for mounting on the motor hub of the data storage device of FIG. 1.

10 Brief Description of the Drawings

FIG. 1 is a partial cut-away top plan view of a data storage device (DSD)
that incorporates a disc clamp of the preferred embodiment of the present
invention.

FIG. 2 is a top plan view of the disc clamp of FIG. 1.

15 FIG. 3 is a partial cut-away, cross-sectional elevational view of a motor hub
and disc clamp of FIG. 1.

FIG. 4 is a cut-away, partial cross-sectional elevational view showing
dimensional relationships between the motor hub and the disc clamp of FIG. 1.

FIG. 5 is a cut-away, partial cross-sectional elevational view showing

20  further dimensional relationships between the motor hub and the disc clamp of
FIG. 1.

FIG. 6 is a cut-away, partial cross-sectional elevational view showing still
further dimensional relationships between the motor hub and the disc clamp of
FIG. 1.

25 FIG. 7 is a cut-away, partial cross-sectional elevational view showing a
mounting tool for mounting the disc clamp to the motor hub, each of FIG. 1.

FIG. 8 is a cut-away, partial cross-sectional elevational view showing the
mounting tool deflecting the disc clamp for mounting on the motor hub of the data
storage device of FIG. 1.

30 FIG. 9 is a cut-away, partial cross-sectional elevational view showing the
mounting tool positioning the disc clamp adjacent the motor hub of the data

storage device of FIG. 1.



30 FIG. 9 is a cut-away, partial cross-sectional elevational view showing the mounting tool positioning
the disc clamp adjacent the motor hub of the data storage device of FIG. 1. -4 FIG. 10 is a cut-away,
partial cross-sectional elevational view showing the mounting tool releasing a peripheral portion of the
disc clamp to develop a clamping force to clamp the storage media adjacent the motor hub of the data
storage device of FIG. 1. 5 FIG. 11 is a cut-away, partial cross-sectional elevational view showing the
mounting tool releasing d c. clamp of the data, storage device fFIG . FIG. 12 is a cut-away,

partial cross-sectional e IR %@WW&I ﬁ§8§ﬁaf%cftltﬂ%a r?ﬁlr?él NG XNt the disc

clamp of the datanséarage tdellie&@’hlr_g@ pripBerdalBon affinvuchaiionp roekhatopfclamping the
storage media to the mot r hub of the data storage device of FIG. 1. FIG. 14 is lan view of an
alternate preferre ‘fT ﬂ{gﬁf bF HBR E?: S'C‘fﬁﬁ%f)%?ﬁ?@%acﬁ%%fgr}gtg%ﬂbp%&v §9\§)of an additional
alternate preferredeembedivitenift ESfithe disc clamp of FIG. 1 FIG. 16 is a top plan view of a further

dditional alternate preferred. embodiment of th lam 1.FIG. 17 tial cut-away,
Cross-octonal clevatiofas b of B SENeRESAH FORTar O (L AAY SRS o

additional alternateowflipgatered i dingist ofding diabcthimpotfdéddvideaiaifiéd.Description
Referring now to the drﬂgggz FIG. 1 prowdes 0 (plan V|ew orage device (DSD) 100.
: R

The DSD 100 includes 3 K4S deeh S0 UBoBERIANG 25 T HALT AoV P IO A SO Fepart
cutaway) to form @sesaitd frbasingiiong e dhamniad|qpomiohcafithe IRSPoI0ks datewdaige as a head-disc
assembly (HDA) d%gfsc eA(\) fspi%dl? motor assembly (motor) 108 rotates a number of data storage
10 FIG. 13 is a flowchart of a method of clamping the storage media to the
motor hub of the data storage device of FIG. 1.
FIG. 14 is a top plan view of an alternate preferred embodiment of the disc
clamp of FIG. 1.
FIG. 15 is a top plan view of an additional alternate preferred embodiment
15  of the disc clamp of FIG. 1.
FIG. 16 is a top plan view of a further additional alternate preferred
embodiment of the disc clamp of FIG. 1.
FIG. 17 is a partial cut-away, cross-sectional elevational view of the

peripheral portion of the disc clamp showing a still further additional alternate

20  preferred embodiment of the disc clamp of FIG. 1.

Detailed Description
Referring now to the drawings, FIG. 1 provides a top plan view of a data
storage device (DSD) 100. The DSD 100 includes a base deck 102 cooperating
25  with a top cover 104 (shown in partial cutaway) to form a sealed housing for a
mechanical portion of the DSD 100, referred to as a head-disc assembly (HDA)
106.
A spindle motor assembly (motor) 108 rotates a number of data storage
discs (storage media) 110 with a magnetic recording surface (surfaces) 111 at a
30  substantially constant operational speed. An actuator 112 supports and rotates a
number of read/write heads (heads) 114 into a data exchange relationship adjacent
the magnetic recording surface 111 when current is applied to a coil 116 of a voice

coil motor (VCM) 118. The heads 114 are secured to a suspension 120, which is



discs (storage media) 110 with a magnetic recording surface (surfaces) 111 at a 30 substantially
constant operational speed. An actuator 112 supports and rotates a number of read/write heads
(heads) 114 into a data exchange relationship adjacent the magnetic recording surface 111 when
current is applied to a coil 116 of a voice coil motor (VCM) 118. The heads 114 are secured to a
suspension 120, which is -5 attached to an actuator arm 122 of the actuator 112. The suspension 120

assures a consistent, predetermined spring force is applied to_the head 114.for groper control of the

moad 114 relathre B A A ORS00 AP 3t thB ST LR 12 moves

the heads 114 tocbnditarrgakddedancthetupféces ildptivdietlataid an iegddriectamithe

storage media 113. Wplen t@a[?r%D.loo isgdeactivated, the actuator 112 moves the heads to a
A a1 f

predetermined pd: B e IRBF I TS Hal! Bosition the heads 114 adjacent a home
position 126, and utilize _uaggieptatetod 28 to: cosotiaif, throdianaodithelasiowdothklizattonever,

alternative means for restrajning the 10 actuatar, 112 may be employed, for example, a ramp
oadlunload toch AR THol SRS TRA5e 1AdHhOAE S GOl oy SHe Heator 112
during periods ohisditivity. divihen £ $001 @amdvacti;acahttht anddnie b enelesttonieadonshe DSD
100 are provided on &grinted ircuif.boa assemkﬂg/t 30 mo ntﬁ(iizto the HDtA 106. Eur'ng data 15
transfer operatior?sl?rg P Sgﬁ%ﬂﬁ B8 155 SHIMNEY'ES AHY cwtni@ﬁpcoghb‘?ﬁo%% &&dhwrite signals
conducted by thelfléxadjacuiit h3bhetyesdtioln &2or nteldutdica it togale lacbeldBly L3@sanththe heads 114.
In a preferred embogime tt the tO{algle %I ia 110 is IamPed by a s'kntlgle {nembe{hdisc clamp 136
adjacent a motor RUB” (;l?etﬁ(% Hotor i 8. The disc' 2y ¢ a%ep sdeoverl%sp%%n&%mﬁ force between
the storage lediachiApahtltheyriatemplohci3Boiccassipie, thenstplagd/ imidid hiCheamaiisdn a fixed

position, while the, motor 10% rotates th%er(;i‘ugtor hutb 138 duringgﬂ%)gf{ﬁetigc l%I‘tthq BS£ 100. Preferably,
iSC

the disc clamp 136942 Hﬁl@{urgénggrgosfﬁng e%%)élg,rg{grrﬁlﬁéla clamp as ifustrated iFPFIGS. 2 & 3.

25 FIG. 2 shows pepicafe riohenibiog vfi ét DE® 600 cost, single piece, self
Command, control and interface electronics for the DSD 100 are provided
on a printed circuit board assembly 130 mounted to the HDA 106. During data

15  transfer operations, a preamplifier/driver 132 attached to a flex circuit 134
conditions read/write signals conducted by the flex circuit 134 between the printed
circuit board assembly 130 and the heads 114.

In a preferred embodiment, the storage media 110 is clamped by a single
member disc clamp 136 adjacent a motor hub 138 of the motor 108. The disc

20  clamp 136 develops a clamp force between the storage media 110, and the motor
hub 138 to assure the storage media 110 remains in a fixed position, while the
motor 108 rotates the motor hub 138 during operation of the DSD 100. Preferably,
the disc clamp 136 is configured as a single piece, stamped disc clamp as
illustrated in FIGS. 2 & 3.

25 FIG. 2 shows a preferred embodiment of a low cost, single piece, self
centering stamped component (disc clamp 136) providing the clamp force used to
clamp the storage media 110 to the motor hub 138. Because of the preferred
design of the disc clamp, component count of the DSD 100 (of FIG. 1) is reduced,
and no additional components are needed for a preferred installation of the disc

30  clamp 136, which eliminates process steps and reduces handling damage resulting
in reduced instances of re-work and re-work costs. Absence of a need for fasteners
to install the disc clamp 136, leads to a direct reduction in particulate generation

during the assembly process of the HDA 106 (of FIG. 1). While the self centering



centering stamped component (disc clamp 136) providing the clamp force used to clamp the storage
media 110 to the motor hub 138. Because of the preferred design of the disc clamp, component count
of the DSD 100 (of FIG. 1) is reduced, and no additional components are needed for a preferred
installation of the disc 30 clamp 136, which eliminates process steps and reduces handling damage
resulting in reduced instances of re-work and re-work €osts. Absence of a need for fasteners to install

the disc clamp 136, leads to a direct reductjon in particulate generation during the assembly process
of the 1A 106 (BRERGE Wh b Sul G BLAPBAC Sy (RGeS At o cucas an
amount of imbalantezpresent in the HDA 106. As will readily be seen during the discussion of FIGS.
7-12, simplicity of a preferred.design of the disc.cla 36 facilita ow cost, highly reliable 5
ounting 100l for use i ASUITF BN HISHOUIRG e GioRIBY 11T e RSOk 36, which
reduces machinepdefetntidng:¢ind onaieteiRantamgoss ovhitélitnrkanong astidightedaiadimnbly of the HDA
106. The dis¢ clamp 136 features include; a general yddisc shtaﬁjeﬁ)bradg i cludigﬁ ce%rﬁal mounting
aperture 140° and"S BUHSHSPL! 50rtisnL 2 WHESRG RO 15 heh s WBR i B iSre 140.
During an assemblytopkuatids, armicinerdiicsnaisthldd dofiherpe iptherainpariicre t42 exiplrnds upon

mechanical deflection, from a free state to enlarge mounting aperture 140 for passage by an
outside diameterefl 8?%1?&,%}% KRl %8?8%%6 afrl%%‘(qos‘%@fgl). The mechanical deflection develops a

leaf spring load. Upon rdleagésotihepll3 tneahacidat ieieatienethidyptisiphiensdpbotign 142 of the disc

clamp 136 is restra'inﬁd b¥1 thetm tor hub 138 and plrf&ludgd fromhrettirnir}g to f’t&fre J3on; deflected
state. The prever%ﬂtc)ﬁl or &ecﬁgrlrﬁ glr%lflbbn iR 142 %ron fé u?rﬁﬁﬁllfoq g e Bate qeé{vee'?obnsga clamping

force, whicH (s trandlaliyditonthcstosagengepiatdit0l 4@f Piing)dnyasseabhubgeribiddGiormed in the
peripheral portion 142'1:20 lih%f%hfurther sholws a. balapce con&gensatlon (;)‘otch flg8ﬂ|ncg9rgorated ina

preferred embodf}ﬁaenrll 5 t]he presgll?te fﬁ?/%eﬁ | Or\}\ll ich s O a|18nalllly formed'in tiie “Gise cPar‘np 136
during the assemfibnpadessstat tloechl ExAcltB6 afuntGigkpdrame 140 for passage by an outside
diameter (not shown) of the motor hub 138 (of FIG. 1).
The mechanical deflection develops a leaf spring load. Upon release of the

15  mechanical deflection, the peripheral portion 142 of the disc clamp 136 is
restrained by the motor hub 138 and precluded from returning to its free, non-
deflected state. The prevention of the peripheral portion 142 from returning to its
free state develops a clamping force, which is translated to the storage media 110
(of FIG. 1) by an annular rib 146 formed in the peripheral portion 142.

20 FIG. 2 further shows a balance compensation notch 148 incorporated in a
preferred embodiment of the present invention, which is optionally formed in the
disc clamp 136 during the assembly process of the HDA 106 (of FIG. 1). For
example, during a balance operation, if the motor hub 138, storage media 110, and
disc clamp 136 of the HDA 106 meets a predetermined balance tolerance criterion,

25  no material would need to be removed from the disc clamp 136 to offset the
imbalance. For those instances of imbalance, the balance compensation notch 148
or notches 148 are used to bring the HDA 106 within the proscribed balance
tolerance criteria.

FIG. 3 shows the motor hub 138, includes a retention groove 150 with a

30  retention surface 152, which communicates with a continuous annular compliant
surface (compliant surface) 154 of the peripheral portion 142 of the disc clamp 136
(of FIG. 2). The compliant surface 154 circumscribes the central mounting

aperture 140 (of FIG. 2), and upon engagement of the compliant surface 154 by the



example, during a balance operation, if the motor hub 138, storage media 110, and disc clamp 136 of
the HDA 106 meets a predetermined balance tolerance criterion, 25 no material would need to be
removed from the disc clamp 136 to offset the imbalance. For those instances of imbalance, the
balance compensation notch 148 or notches 148 are ysed to bring the HDA 106 within the proscribed
balance tolerance criteria. FIG. 3 shows the motor hub 138, includes a retention groove 150 with a 30

retention surface 152, which com ates with a cqntinuous an ar compliant surface (compliant
uace) 154 of tHETRIHGRIN o GHS5f SRS BREET S8 o PRATS) e B TaALSLrtace

154 circumscribemiher tebtiadidmounting aperture 140 (of FIG. 2), and upon engagement of the

compliant surface 154 b etentl n surface 152, the dISC lamp 136.is prevented from moving
away from the motorh k}gi]gél I@%y ‘6 & eﬂlgtrslﬁbal} bveﬁ‘é’ﬁ iSAYSsavLY tgo(ﬁe@fﬂ/%ﬂ/ to obtain an

enhanced under&tﬂﬁa@iaﬁmﬁmmn@tﬂetae@aifnmaimehﬂmmmmﬁﬂﬂelﬁlmmf&mmp 136. Upon
review of the geo?etnc§%d ructural relaé nshl s of the disc clamg %6 §1v.vn b}éEﬁIGS 4- 6, an
ability to ' tune a Iaﬁ&bofloli%éege? et W%C(ﬁg L sl 0] %p? St(ea those skilled
in the art as a feataep dBBthehpraseéptiiusntios, arhsebihifity t@uﬁu’na"dﬂwdfsiaﬁq)ﬁt&n@p force is
attainable throug Qjter tions of the meiric and stru I relat hi resented by
FIGS. 4- 6. The RUIEHED Beiels SHEPPol e e Be MO HAtOR IS R RaLABY HeRbdtion present n
the disc clamp 136athes @ﬁ(ﬂnmpieseﬂmemmmﬁ oTHeﬂbﬂttgn(n‘ftdhé discdeleinp didmpresenisin FIG. 4 is
reflected by an ang t%r ?(’j %\} ﬁeragg nlg spt%stggél%? llflpgaﬁn qc?ur%e ntl% h%nzontal line 158

(the horizontal ling 15158 Comé& Aa top sur fface ISC clamp 136" hithe disc clamp
136 is in itsiftee qtaat@)qmﬁbngHﬁﬁuznarécontact line 162, of the disc clamp 136. The annular contact line
162 is a radius distance Agfrom aporig |n 16611I &PreSﬁntf% tpe Iocus of om%s gf the disc clamp
136 nearest the motor hu “Which hieeds ¢ ar he motor iub 238 to alfow & assembly of the disc
clamp 136 to deflection present in the disc clamp 136. For example, the amount of deflection of

the disc clamp 136 present in FIG. 4 is reflected by an angle A1 156. The angle
A1 156 is substantially the angle between a horizontal line 158 (the horizontal line
15 158 coincides with a top surface 160 of the disc clamp 136, when the disc clamp
136 is in its free state) and an annular contact line 162, of the disc clamp 136.
The annular contact line 162 is a radius distance R 164 from an origin 166,
and represents the locus of points of the disc clamp 136 nearest the motor hub 138,
which needs to clear the motor hub 138 to allow assembly of the disc clamp 136 to
20  the motor hub 138. The origin 166 is determined by an intersection of a line 168, a
distance D 170 from a rotational axis 172 of the motor hub 138, and perpendicular
to the horizontal line 158. The distance D 170 is the distance between the
rotational axis 172 of the motor hub 138, and a disc interface line 174 of the
annular rib 146.
25 The disc interface line 174 represents the locus of points of the annular rib
146 adjacent the storage media 110. The disc interface line 174 is determined by
an intersection of the line 168 with a radial distance r 176 from the origin 166,
which is also the distance the storage media 110 is from the origin 166. The radial
distance r 176 in conjunction with a thickness t 178 of the disc clamp 136, are two
30  of the variables used in tuning a desired clamping force imparted by the disc clamp
136 on the storage media 110.
The amount of deflection of the disc clamp 136 present in FIG. 5 is
reflected by an angle A2 180. The angle A2 180 illustrates a maximum deflection



20 the motor hub 138. The origin 166 is determined by an intersection of a line 168, a distance D 170
from a rotational axis 172 of the motor hub 138, and perpendicular to the horizontal line 158. The
distance D 170 is the distance between the rotational axis 172 of the motor hub 138, and a disc
interface line 174 of the annular rib 146. 25 The disc ilgterface line 174 represents the locus of points
of the annular rib 146 adjacent the storage media 1107 The disc interface line 174 is determined by
an intersection of the Jine 168 with a radial distance r 176 from the origin 166, which is also the
Cistance the stordBE IREGHTHA] 19 HOTHTHRS oIt 6BIoR (HGTH RHATLBT b7 i fheton with
thickness t 178 ohtldaidisaottampbl3R dudiwasséhtil ihe vasigites aspd 36 tonionsodedited clamping
force imparted by the disc clamp 136 on the storage media 110. The amount of deflection of the disc
clamp 136 preseﬁ FIG. 5is reflected by an angle A2 180. The angle A2 180 illustrates a maximum
deflection -8 the disc clanhp d:36unndédydrstion citdradice datweeiotpeeamnidafiCardact line 162, and

the motor hup 138 dqurjing.assembly of the disc clam tQ. the motor,hyb 138. The nt of

orioution of tho AFLCHATY £50BPE SEET PIG e Tl B RS UEC SRR AnEAS 162,

The clamp defleciibrteneie AS{1E8Roilltsiratesgsinlditeditor kenpaidih gpontkenigeticampis36 upon

completion of the assembly. of the disc cl 136 to the motor hub 138. As will be recognized by
ot e s e B Al S ey

those skilled in the Sft, icUTSCdtme anE e e disc clamp 136 depends directly on
the dimensional charactaxistitsbd Geobginereddiptiuse d38edrar ierposds phehbncigeasiemderstanding

of the present inveqtion, an oty way of imbpsing,imitatipns an the present inueriion, the.points
covered in the foﬁlowmg i€CUSSIoN Have beeh Tund 1o De %Ip?u In pracﬁcmg e presen]tlnventlon.
Additionally] @he vdltresustied inbld E3R:riBingparporetesifaoh embiadi meanided tha diresenthic pesstion are

provided for |IIustrat|é/e[i%151> pu(%)rlgoﬁgtis cw%,o an aid t?ientggnce an understatndlvré% of tht% gresent

invention, and fa]i]flflol?mpc‘)sa({:-l ona-on the gf)lllﬁ% and scglﬁseoé}tt]ﬁ%pﬁ?(sa%%r% invélr(l)tlllOn.

points covered in the following discussion have been found to be helpful in
practicing the present invention. Additionally, the values used in describing a
preferred embodiment of the present invention are provided for illustrative

15  purposes only, as an aid to enhance an understanding of the present invention, and
fail to impose limitations on the spirit and scope of the present invention.

Useful design parameters for the present invention are illustrated by FIG. 4,

FIG. 5, and FIG. 6. An important design parameter for a preferred embodiment of
the disc clamp 136 is to achieve sufficient radial interference between the

20  peripheral portion 142 of the disc clamp 136, and a maximum diameter d1 184 of
the motor hub 138 to build up a desired clamping force. That is, the ability to
develop sufficient clamp force while retaining an ability to deflect the peripheral
portion 142, an amount sufficient to provide clearance between the annular contact
line 162 and a maximum diameter d1 184 during assembly of the disc clamp 136

25  onto the motor hub 138.

There are 3 stages of the clamp deflection. An initial free stage, as shown

by FIG. 4, in which the absence of deflection is present. As illustrated by FIG. 4,
an interference between the annular contact line 162 and a maximum diameter d1
184 is present.

30 A fully deflected stage, as shown by FIG. 5, is a result of the peripheral
portion 142 of the disc clamp 136 being deflected by a mounting tool (not shown),
to change the deflection angle A1 156 (of FIG. 4) to the deflection angle A2 180.
As illustrated by FIG. 5, an enlargement of the mounting aperture 140 (of FIG. 2),



Useful design parameters for the present invention are illustrated by FIG. 4, FIG. 5, and FIG. 6. An

important design parameter for a preferred embodiment of the disc clamp 136 is to achieve sufficient

radial interference between the 20 peripheral portion 142 of the disc clamp 136, and a maximum

diameter dl 184 of the motor hub 138 to build up a desjred clamping force. That is, the ability to

develop sufficient clamp force while retaining an ability’to deflect the peripheral portion 142, an

amount sufficient to grovide clearance between the annylar contact line 162 and a maximum diameter
i e B HS

dl 184 during ass&hBI§ ST 1Re SR QI hF R 1B T3EPSRYS M HE TBISY HEH S a9 RE & 3 B ages of the
clamp deflection.Anuhitieditee sieges3ashawmbyihlo diainadridh Use abgeneetof defacion is

present. As illustrated by FIG, 4, an interference between the annular contact line 162 and a
maximum diamet@rr Hlasl%/ igfrﬁ]&%ﬁf.éﬁl}? ﬁ@/%}’eeﬁé%?éﬁ%f’é&%‘,ba@ghown by FIG. 5, is a result of the
peripheral portion 142 of i&:alisd clampsiade, risighdeflected by, asmeesilingsl thelpEditshawvn), to
change the deflection anlg{%A}rl]t 56, (of FIG. )3t the defgecti%r%arﬁ%{%eAH%i%. A%illléustrated by FIG. 5,
an enlargement FHE Motm? %S ﬁﬁ}%nifﬁ Pﬁlf@.rﬁ CAFVide e BN Pt eperipheral portion
142, provides cleasfinceobgivigien tiehantwlatigotielCtdintahg?,fend thedoedtiumadigmieter dl 184 of
the motor hub 138, for e of the disc clamp. 136 oyer, otor hub 138, A r d clamp
stage, as shown ?foFg‘gH%%fs tl%gbﬁtce&%rﬂli)e%gﬁ%%f@rgp‘é/eplélr’lt]ig%lel% 6%%3%%10@&5&5 5?26 being
released from theritdfttience: dicthe cdefieation pattion 2o toreatint toglobo chdhgef ot he
deflection angle A2 180 (of FIG. 5) to the c flection angle A3 182 As.| ted by.FIG. 6,

and the c% dﬁleme L sur gcé %gzgfqﬁeetgﬁﬁ %ergggglétlggg%% {é g&g?ﬁa ﬁ }}]h éts

interference between TStention SuHace her ngro
confinement Gurfacarhf dictherjpdriptigrattioariién b4 (oEddGt3hpsbbvitdl BleidrnTdfethe peripheral
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annular rib 146 atetlfieptisg foteefacehtinkisd éthmp 136, which is imparted by the annular rib 146 at
the disc interface line 174.
The difference between the clamp deflection angle A3 182 and the
15  deflection angle A1 156 determines the leaf spring force built into the design of the
disc clamp 136. The difference between the deflection angle A2 180 and the
deflection angle A1 156, determines the amount of deflection force needed by the
deflection portion of the mounting tool.
Important design constraints to consider when practicing the present
20  invention include; a thickness t 178 of the disc clamp 136, a radial distance r 176
that the disc interface line 174 lies from the origin 166, and distance D 170
between the rotational axis 172 of the motor hub 138 and the disc interface line
174.
By way of illustrating a preferred embodiment of the present invention
25  through a presentation of useful design optimization guidelines, but not by way of
imposing limitations on the spirit or scope of the present invention, the angles
described here-in-below are expressed in degrees and the linear dimensions are
expressed in inches.
In optimizing the design of the preferred embodiment of the disc clamp 136
30  to prevent shifting of the annular rib 146, it has been found useful to maximize the
radius distance R 164 from an origin 166 to the annular contact line 162, maximize
the clamp deflection angle A3 182, maximize the difference between the maximum

deflection angle A2 180 and the clamp deflection angle A3 182, and minimize the



The difference between the clamp deflection angle A3 182 and the 15 deflection angle Al 156
determines the leaf spring force built into the design of the disc clamp 136. The difference between
the deflection angle A2 180 and the deflection angle Al 156, determines the amount of deflection force
needed by the deflection portion of the mounting tool. Important design constraints to consider when
practicing the present 20 invention include; a thickne's:l*,(in'178 of the disc clamp 136, a radial distance r

176 that the disc interface line 174 lies from the_origjin 166, .and distance D 170, between the
rotational axts 175 SAILABTEY 16 1aiso PP HER TS A rcnasy By 4 TR S a
preferred embodithestoaidbenpdesent s¥entidisboliirpugh a presentation of useful design optimization
guidelines, but not by way of imposing limitations on the spirit or scope of the present invention, the
angles described here-%%gl%wggrg‘l%&ﬁr@é&a@&?j{d@éréggpgﬂﬁ%ﬁﬂ%é]?edm%ﬁ@}gﬂg%et&pressed in
inches. In optimizing Saefdsignoasithetprete ued embadiniediohthe distsdanmddgedibio prevent
shifting of the annular rih 146, it has heen f useful to maximize the radius distapce R 164 from an
origin 166 tothe S S0 EACH b L B2 H A NTSR s S Aot H G AL S5 iimize the
difference betweangheADa gt yitlectionodngiel A2 dsdmnsbtheidm phdafleatiobeangliadi3 182, and
minimize the -10 rgdial distance r 176. It has been fqund,that shifts jn the annular rih 146 relative to
the storage mediA IO NAIRE AR K| CESPS e T HISEHER FrrSR Ry Bth the
maximum diametesnghll ih84sof five nictondinih 3, iatwdferenaxiofpre fdiabie 00l Sendfthire retention 5
groove 150 (of FIG. 3) is useful, kegping.in mind that at the maximu flection anpgle 80, the
Jiela point of the ST NS 158 Y AL SO BE e A A DG PR ainbe fefcton
angle A3 182, thésetanttonfeurdace fib 2natedi tmeo o phidomi stirfeod stSlamaihBzin B dsteréerence of
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clamp 136, and the radial distance r 176, are preferably manipulated with the aid of
a computer model to achieve the desired clamp force.
Additional design optimization guidelines found useful include; ensuring

15  that diameter d2 186 of the retention groove 150 is optimized to control the self-
centering movement of the disc clamp 136, preferably a radial clearance of
substantially 0.001in., results between the mounting aperture 140, and the retention
groove 150, at clamp deflection angle A3 182. Also, ensuring that the maximum
diameter d1 184 of the motor hub 138 is optimized to give sufficient clearance, for

20  free entry of the disc clamp 136 at the maximum deflection angle A2 180, in
addition to a clearance to accommodate an operating tolerance, for the mounting
tool operating under robotic control has been found to be useful. A convenient
tolerance found to accommodate the operating tolerance of the mounting tool
under robotic control is substantially a 0.0015in., radial clearance.

25 FIGS. 7-12 illustrate a preferred embodiment mounting tool 188 that
includes a deflection portion 190 and a retention portion 192. The mounting tool
188 operates along a Y axis 194 to position the disc clamp 136 relative to the
motor hub 138. Additionally, the deflection portion 190 operates along the Y axis
194 independently from operation of the mounting tool 188 in the Y axis 194.

30 Independent operation of the deflection portion 190 and Y axis 194 facilitates
deflection of the peripheral portion 142 (of FIG. 2), resulting from the deflection
force imparted upon the peripheral portion 142 by the deflection portion 190.



the clamp force meets the desired specification, the thickness t 178 of the disc clamp 136, and the
radial distance r 176, are preferably manipulated with the aid of a computer model to achieve the
desired clamp force. Additional design optimization guidelines found useful include; ensuring 15 that
diameter d2 186 of the retention groove 150 is optimized to control the self- centering movement of the
disc clamp 136, preferably a radial clearance of subélja]nfially 0.001 in., results between the mounting

aperture 140, and the retention groove 150, at clamp deflection angle A3 182. Also, ensuring that the
cimum diameter ol TGP AORST Al SS REGIAISEA fo GO0 el S HRARAE Tor 20 free
entry of the disc c¢tdeapekB6 ditdhigampXipouinvtatiectiomangle 2 $80 Tin: Adelition foaiciesance to

accommodate an operating tolerance, for the mountin | operating under robgtic control has been
found to be e 1oRPEGHUENAAE AL ARE TR 0o MR The GBB kil LOReISflce of the
mounting tool unsgapehatic eiviol &8 Suhsiaetaltly adktfEAd5i0( sadiel piaphardeo2bdnlGR. 7-12
illustrate a preferred embodiment mounting tool 188 that. inclu a deflecti ortion,190 and a
retention porton 185 SHE AL AREbI St pET S It o FoaR ST RS e disc clarmp
136 relative to theompiiant w381 Mighitiahaliyothaegiefactioncpartid@8 90 operates along the Y axis

194 independently from gperation of the mounting ool 188 in the Y gxi 4, 30 Independent
operation of the deflecti epE)er ?8%%’960%%?\#] xf)sg.rl 4@88%1&%%00&elt?;écﬁéﬁso?lﬁwté)%%ripheral portion
142 (of FIG. 2), reapiipeentiarethiendeficfidre doxcelampariédipbindtepetigheavallpahton 142 by the
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tool engagerfent pegpirriBpootidhel discoctamppd Bt mberting @roage hdendfdgidisd 9Busplddated on a
distal end 200 of atli;elg)%{)geﬁbpg.rtion 142 5 and adjacent the annular rib 1_46. The annular rip 146 is
disposed between the compliant surface 154 and the tool engagement region 198. The retention
portion 192 of the mouning. tbehd 88 tholas théngabodn§ade menitae gnitib@8«dhtive wisheclamp 136 in a
fixed position, Whri1|1eott(brehub 138 and the disc clamp 136 in its free state. FIG. 8 shows the mounting
tool 188 in a raised position, the disc clamp 136 in the maximum deflection angle
15 A2 180 (of FIG. 5), in response to a deflection force imparted on the peripheral
portion 142 by the deflection portion 190 of the mounting tool 188. FIG. 9 shows
the mounting tool 188 in a lower position and having positioned the annular rib
146 adjacent the storage media 110. It is noted that the motor hub 138 is supported
by a spring-load 202, which accommodates placement of the annular rib 146
20  adjacent the storage media 110 by the mounting tool 188, absent damage to either
the disc clamp 136 or the storage media 110.
FIG. 10 shows removal of the deflection portion 190 of the mounting tool
188, to allow the compliant surface 154 of the disc clamp 136 to pressingly engage
the retention surface 152 of the retention groove 150 (of FIG. 3). Upon release of
25  the deflection portion 190 of the mounting tool 188, the peripheral portion 142 of
the disc clamp 136 is restrained by the motor hub 138 and precluded from
returning to its free state. The prevention of the peripheral portion 142 from
returning to its free state develops a clamping force, which is translated to the
storage media 110 by an annular rib 146 formed in the peripheral portion 142.
30 FIG. 11 shows the release of the disc clamp 136 by the retention portion

192 of the mounting tool 188, while FIG. 12 shows retraction of the mounting tool

188 from the disc clamp 136.



deflection portion 190 of the mounting tool 188 applies a deflection force to the 10 peripheral portion
142, to enlarge the mounting aperture 140 of the disc clamp 136 as shown in FIG. 7. FIG. 7 shows the
mounting tool 188 in a raised position relative to the motor hub 13 8 and the disc clamp 13 6 in its free
state. FIG. 8 shows the mounting tool 188 in a raised position, the disc clamp 136 in the maximum
deflection angle 15 A2 180 (of FIG. 5), in response to a“deflection force imparted on the peripheral

portion 142 by the deflection portion 190 of the mounting toal 188. FIG. 9 shows the.mounting tool
38 i lowier posiion d NI o LER O AAIAR RACA S HBIAE & R AR B (R 110, 1t s
noted that the meiot haad 3Shistauptoctach by B3 8priagilaast 202; wbieksacgopdnadates placement of
the annular rib 146 20 adjacent the stora edia | 10 by the mqunting tool 18 8, absent. damage to
either the dise CIRTHBE 5% PUHEPSTONAE oL o TERA S D LTEAe U OF BRBBEASLRDn portion
190 of the mountiignip@but88.sto3alevithive Laneptiantutiacesiod of tHe) disthelmmmiss tewpressingly

the retention surface 152 of th | 150 (of FIG. 3). | 5 th
Gofiection povtor 190 oPERE ALRERE 150 18851 BERIAAR (B LH LA BF kO a1 6

deflection po tionAl
restrained by themotor hub 13 8 and precluded from returning to its free state. The prevention of the

peripheral portion 142 from_returnin its free state develops.a clamping force, which is translated to
the storage media 1 10 ) RITGIGIER A s S FTHEITP Hid HEV AR TGRSR TAB BT | shows
the release of theldisaattarhpbl 36day db@ereienportiportach 29thofl 8 afabaiimgboal88] while FIG. 12

shows retraction of the mounting toal 188 from the disc clamp 136. -12 FIG. Jﬁ{’as.ow a clamping
orocess 250 for CRIING SLETIg0 [Hen A ARRPRS IRy TR (D h A S S 03 Lty ot
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At process step 228, the mounting tool aligns the disc clamp adjacent the
motor hub and a storage media (such as 110) supported by the motor hub (such as
shown by FIG. 9). At process step 230, the deflection portion of the mounting tool
15 isretracted from contact with the disc clamp (such as shown by FIG. 10), and a
compliant surface (such as 154) pressingly engages the motor hub, which develops
a clamping force to secure the storage media adjacent the motor hub.
At process step 232, the compliant surface of the disc clamp communicates
with a retention surface (such as 152) of a retention groove (such as 150) to restrict
20  displacement of the disc clamp from the motor hub. At process step 234, the
clamping force developed at process step 230 is translated to the storage media
through an annular rib (such as 146) at a disc interface line (such as 174) of the
annular rib, to clamp the storage media to the motor hub.
At process step 236, the disc clamp is released from the mounting tool
25  (such as shown by FIG. 11), at process step 238, the mounting tool is eschewed
from the disc clamp, and at end process step 240, the clamping process 220
concludes.
FIG. 14 shows an alternate preferred embodiment of the disc clamp 136,
which includes a plurality of relief cut-offs 242. The relief cut-offs 242 (i.e.,
30  material removed from the peripheral portion 142) have been found to be useful in
“tuning” the desired clamp force to be delivered by the disc clamp 136. The size
and configuration of the relief cut-offs 242 will depend on the type of material

selected for use in forming the disc clamp 136, and the thickness of the selected



At process step 226, the mounting tool positions the disc clamp relative to the motor hub, and a
deflection portion (such as the 190) of the mounting tool imparts a deflection force on a peripheral
portion (such as 142) of the disc clamp to 10 enlarge the mounting aperture (such as 140) of the disc
clamp (such as shown by FIG. 8), to facilitate assembly of the disc clamp onto the motor hub. At
process step 228, the mounting tool aligns the disc clamp adjacent the motor hub and a storage

media (such as | 10) supported by the motor hub (sugh as shown by FIG. 9); At process step 230, the
deflection portior S U dHE E5F FE A8 o P ST RRAD SRS GOt s shown
by FIG. 10), and Ravobepligotsdiiabe (st as o hpksinglicerdagas Sae¢nator dnaihlashich
develops a clamping force to secure the storage media adjacent the motor hub. At process step 232,
the compliant su &% of the disc clamp communicates with a retention surface (such as 152) of a
retention groove (such agG50j thsastsctir2Rditplacenesteatthendisdialan p feodisthaametor hub. At

process step_234, the clamping force developed at process ste 0 is translated to the storage media
through an siruht (1 SSEH RS B IO Th GRS TG P80 s T BTGP M T, o clamp

the storage mediadecthecmfotimidobbeAigerarasstsigne? 36 theidisclalamfoisa eddaseéeifrardtbe mounting
tool 25 (such as shown by FIG, 11), at process step 238, the mpunting tool is esc ed, from the disc
clamp, and at en@ﬁr@é@gﬁg}%ﬁfﬁ%@%ﬁ? iﬁﬁn Fodale lﬁﬁg% eotrlil&lg et .egf@?slgf %ﬂ\lls an alternate
preferred embodidepaidbintdigpciathhitRGesyvbichaiecisidescat glfialiiycohraliatiagttiodfdized 2. The relief
cut-offs 242 (i.e., :?0 malt%ial removed from the peripheral portion 142) have been found to be useful in
"tuning” the desired® amp force to be delivered by the disc clamp 136. The size and configuration of

the relief cutéffs 242 wikslepihd apptheidyaebyftmatesiallcsbie che difothuseniodot mimgatbeadlisc clarap

136, and the thickness of the selecﬁed -13 ma?ﬂblgeah%rggerﬁed eé'nbo iment, alloys selected from

series 300 stainlé’ggsse%gé g\}jee%ge%r%ﬁ%%l?g e useful, as'we a8 § fg)clts s?gfé%%eodl fOm series 400

stainless steel. amount of clamp force that can be developed by the disc clamp 136. By designing
the disc clamp 136 to impart a maximum clamp force, a desired clamp force below
the maximum clamp force may be attained by removing material from the
15  peripheral portion 142. By removing material from the peripheral portion 142, the
peripheral portion 142 becomes less rigid, thereby reducing the ability of the disc
clamp 136 to impart a maximum clamp force. As such, the peripheral portion 142
is “tunable” to a desired clamp force.
FIG. 16 shows an additional alternate preferred embodiment of a disc
20  clamp 136, which includes a plurality of etched tuning regions 246. The etched
tuning regions 246 have been found to be useful in “tuning” the desired clamp
force to be delivered by the disc clamp 136. The size and configuration of the
etched tuning regions 246 will depend on the type and thickness of material
selected for use in forming the disc clamp 136. Again, by determining the amount
25  of desired clamp force to be provided by the disc clamp 136, the amount of
material to be removed from the peripheral portion 142 is readily determined,
allowing the disc clamp to be “tuned” to its environment.
FIG. 17 shows another alternate preferred embodiment of a disc clamp 136,
in which the peripheral portion 142 of the disc clamp 136 has been tapered via the
30  coining operation. Tapering of the peripheral portion 142 has been found useful as
a means of removing material from the peripheral portion 142, to "tune" the disc
clamp 136 to attain a desired clamp force. The amount of taper imparted on the

peripheral portion 142 of the disc clamp 136 to attain the desired clamp and



FIG. 15 shows a further alternate preferred embodiment of a disc clamp 5 136, which includes a
plurality of tuning apertures 244. The tuning apertures 244 have been found to be useful in "tuning"
the desired clamp force to be delivered by the disc clamp 136. The size and configuration of the
tuning apertures 244 will depend on the type and thickness of material selected for use in forming the
disc clamp 136. 10 As will be appreciated by those s'k]iﬂe'd in the art, the amount of material present in

the peripheral portign 142 to be flexed, has a direct bearing.on the amount of clamp force that can be
dovbloped by the L IS o) LN A S AP T3 LA RS HREiamp force,
a desired clamp for¢erbeiguhdhiésoeximpum &lamp force may be attained by removing material from the
15 peripheral portion 142. By removing material from the peripheral portion 142, the. peripheral portion
143 becomes less rigic. ASEUP RSP HHEABMGRSH B B AL SR GBS clamp
force. As such, thedperigheia(peHian1B42 dsnétablaidoa des)retctiaipinfarcerktenikdishows an
additional alternate preferred embodiment of a disc clamp 136, which includes a plurality of etched
uning regiort 248 e A IOBIONE B35 e DSt R 68 SBR I BT the
desired clamp fotles tadheleetiveoas bysthebtigeuciaapl 08pFrotitengide: amst@dnfigupatiorhadlihe etched
tuning regions 246 will depend on.the type thickness of.material selected for use {n forming the
dice Clamp 156, ABSOBEEIANG 08 et BE A S ML e IR 01 B B bIUUMEd byt disc
clamp 136, the afaoilivitefa catesiahto fertdamousdfranththecpéfiptieraéabftiath 242 iid)readhly
determined, allovr\ﬁgt% tlﬂ?bdtscs éarsn% to.be tun\?ﬁ% to its enwEEn{g%Ft. Flo?.]rjg shows another alternate

preferred embodiment of'a st amﬁci%,plﬂg cszﬁofﬁ%epné?lp era Borl HB‘ of the disc clamp 136

has been tajgered via th&hd@soicingpoher atiencrhiiyelisngsbiphé petiphet ah¢godéon téirthhs been found
useful as a means of temoving majeial 1o ine perphersl porion 147, tupe? (e dise, dlamp 136
to attain a desweglc%mpgfopce. aé amount o&’taper ﬁnpgﬁea nthe enphera? ortion 142 of the disc
clamp 136 to attaim dhreditd siied tobanfipartte téntral mounting aperture. The central mounting
aperture is adjacent a proximal end of the peripheral portion. An annular rib (such
as 146) formed in the peripheral portion pressingly engages the storage media to
15  clamp storage media to the motor hub. A tool engagement region (such as 198) is
provided at the distal end of the peripheral portion. The annular rib is adjacent to
the tool engagement region and located between the tool and data region and the
central mounting aperture.
The preferred steps of a method (such as 220) for clamping the storage
20  media to the motor hub include: securing the disc clamp with a retention portion
(such as 192) of a mounting tool (such as 188) (such as by process step 224);
expanding a disc clamp central mounting aperture (such as 140) with a deflection
portion (such as 190) of the mounting tool (such as by process step 226); aligning
the disc clamp central mounting aperture adjacent a retention groove (such as 150)
25  of the motor hub; as well as an annular rib (such as 146) of the disc clamp adjacent
the storage media (such as by process step 228).
The preferred method steps continue with extracting the deflection portion
of the mounting tool (such as by process step 230) to pressingly engage a
compliant surface (such as 154) of the disc clamp adjacent a retention surface
30  (such as 152) of a retention groove (such as 150) (such as by process step 232),
which develops a preferred clamping force that is imparted on the storage media
through the annular rib (such as by process step 234). The preferred method

continues with a release of the disc clamp from the mounting tool (such as by



deflection force will depend on the type and thickness of material selected for use in forming the disc
clamp 136. Accordingly, in preferred embodiments, the present invention is directed to a disc clamp
(such as 136), a method (such as 220) of clamping a storage media 5 (such as 110) to a motor hub
(such as 138), and a data storage device (such as 10Q)_that includes a motor assembly (such as 108)
rotating the motor hub upon which the storage medié]ié clamped. The storage media is clamped to
the motor hub to facilitate a exchange.relationship with a read/write head (such as 114), to the
motor b by SteBEHST SEFRARG 118 EHO A B SR R B 6 o D A e
generally disc shapegddesslysapi®ludrisaa caslirdbmmduidi pe: Apeydure s 14 0) prodageripheral
portion (such as 142) extending in a radial direction from the central mounting aperture. The central
mounting apertu?@ePszé@ﬁacent a proximal end of the peripheral portion. An annular rib (such as 146)
formed in the peripherallpgriwbepressistghdehgages theuploragecroadishitadfeiisicsmatiorage media to
the motor hup. A tqol engagement region (such as 198) is provided at the distal end of the peripheral
portion. The S PR S L o BEF B SR TEbBrF A RsEaH BERARHTIE 100! and
data region and thethecfoikgjainguiding pajoal ttestidrenite ket stehs afwmethod fiauctoasd20) for
clamping the storage 20 e%’la to g[heértlf?tor hu?. in%I%de: sert':urin%c;;. th ditsct.clam withda retention
portion (such as I 53“81‘6? 1 ﬁlﬁlﬁﬁgs foo fslﬁlgﬁ%koﬂ 3S(ghsg Pay 31/S|5 0eE8d\SS, %296; expanding a
disc clamp centralhangiestingydpatiade s detaihscigdd) slliyh mafiestidintipottiem (slminaagcht of the
mounting tool (such as by process ste 2623; z?# ning the disc clamp central mountjng aperture
clacent a retont PO SOVE (R EE P o PR A L A L A A e s 146)
of the disc diampthedjacadigthersionagenpedithéstchsaa b piotesppted Phimbearpreferred method
steps continue wiéh %ggggtiqf% }Qeadefllec{'%” gptrti n. gfethe q:n%mtingrat,o(?el S#&E as bt¥1 process step
230) to pressinglyxégngage'a corr)%p]irlg)nef"surfgce1 such aénfng’) o the disce ampgacﬁacent a retention
surface 30 (such pstiG2Irafpplietentian grodise (fanh ehilSMa(stachias doppaotels gtepadd?), which

develops a prefefed CIAmMRIng folss H8LRATRANPAONIR SIABUR PR present invention.
In addition, although the preferred embodiment described herein is directed to a
15  disc clamp for a data storage device, it will be appreciated by those skilled in the
art that the teachings of the present invention can be applied to other systems

without departing from the scope and spirit of the present invention.



through the annular rib (such as by process step 234). The preferred method continues with a release
of the disc clamp from the mounting tool (such as by -15 process step 236), an eschewing of the
mounting tool from the motor hub (such as by process step 238), and a conclusion of the preferred
method (such as by process step 240). It is to be understood that even though numerous
characteristics and 5 advantages of various embodim Ats of the present invention haven't been set
forth in the foregQing descriptign, together with details of the structure and functions of various
embodiments of t \fef‘l% © disclosure is illustrative only, and changes may be made in detail,
especially in matters of structure &sé csfapgapagiie af paiis ovihisotheopentiptehob the present
invention to the full extent indicated by.10 the br(%@d eneral ngﬁig&gf the terms in which the
Uhndidiy

appended claims' SFa" G SLUEEC PSS ARBRAISH pRrtiR L Wy VAR 88BERYRYG on the
particular application of the:akseliglalivp skiwledrbadytauiiingisulgstantiaty ieisdme pkrnatamalidy without
departing from the scope and spirit of the present invention,. In additian, although the preferred
embodimentggescribed herein ééa‘ﬁé‘éft%qop%%?&§’8Fé’é%i§.&?€‘f’ﬂyagb%?§r8{8%ﬁa% device, it will be
appreciated by those skiltegshitutheribrioihaidhe teastiphsrof toetjoreseninnve ditosiagehaecdpplied to
other systems without departing from the scope nd spirjt of the present invention. -16 5 What is
claimed is: 1. A disc clamp eng |%rgag PORISH %18{/“(% P& fnotor hub for retaining a storage media
supported by the motor hub, the disc clamp comprising: a generally disc shaped body comprising a

central mounting aperture and ripheral portion extending radially therefrom:.and an annular rib
formed in the peripheraIEportior?lééﬁ |Sr$iﬁ%ali?rlﬁosti8ir)azalgr]ne)iﬁ?f§5t|&éequcn0&ne?rgsﬁnlgneb%?Pelahéﬁré\][n'sllﬁf?]aé:?orce. 2. The
disc clamp o6 claion 1 pitestheslconbpfishieg erpbierplipottgurtatecckd i ecpraximalend: aptheureripheral

rtion adjacent th ntral mounting.apertyre, . .
portion adjacent tan% %%rr{n?umcoalfmtg WP rtel’flegtlon surface of the retention groove.

3. The disc clamp of claim 1, further comprising a tool engagement
region on a distal end of the peripheral portion adjacent the annular rib, the tool

15  engagement region projecting radially from the annular rib.

4. The disc clamp of claim 1, further comprising a tool engagement
region on a distal end of the peripheral portion adjacent the annular rib and
projecting radially from the annular rib, wherein the tool engagement region

20  accommodates a balance compensation notch.

5. The disc clamp of claim 2, further comprising a tool engagement
region on a distal end of the peripheral portion adjacent the annular rib, wherein
the annular rib is disposed between the compliant surface and the tool engagement

25  region.

6. The disc clamp of claim 2, further comprising a tool engagement
region on a distal end of the peripheral portion adjacent the annular rib, wherein
the annular rib is disposed between the compliant surface and the tool engagement

30  region, and in which the tool engagement region accommodates a balance

compensation notch.



and communicating with a retention surface of the retention groove. 3. The disc clamp of claim 1,
further comprising a tool engagement region on a distal end of the peripheral portion adjacent the
annular rib, the tool 15 engagement region projecting radially from the annular rib. 4. The disc clamp
of claim 1, further comprising a tool engagement regiﬁg on a distal end of the peripheral portion
adjacent the annular rib and projecting radially from the annular rib, wherein the tool engagement

region 20 accommodates a balance.compensation notch. 5, The disc clamp of claim 2, further
comprising a tool engag 'mentl?llgeg?df‘?S}Fglﬂéﬁﬁaéﬂb%oﬁ%hbﬁi@ﬁéf’gﬁ 683#5@&%]]5{:%??% annular rib,
wherein the annulaoriisddispadedapetwenmpiheadomidi@nt surface and the tool engagement 25
region. 6. The disc clamp of claim 2, further comprising a tool engagement region on a distal end of
the peripheral portion adjacent the annular rib, wherein the annular rib is disposed between the

compliant surface and tige tool €hgdgertiantp36X kegion;, andvinicihichtdod dogl @ngagesaiit region
accommodatses a balance comé)%‘@ation notch. -17 7. The disc clamp of claim 3, in which the tool
a

engagement regi%%coé%lgﬁﬁ%% %C%gf)éﬂ%%né%tﬁ%é]r% ion notch. 8. The disc clamp of claim 5, in

which the tool engagement region 5 accommodates a balance compensation notch. 9. The disc clamp
of claim 2, in which the r tentiaﬁh r ovelis an Htalnul rete ti%trx] %I‘OO)[/e gircumscribin the motor hub,
the retention surface is &' contintiods aRRRr Feteiton SUYALE Sr e SN & Pt groove, and
the 10 compliant surfdaeréscattangrusees aonukeribarp phanisurface, dikctyrscioning the: sentral

mounting aperture. ]tO. The disc clamg g[)f claim. 9, inwhich th contir)[uous annular (%ﬁmpliant surface

. s con 11’1%10115 annu%ar retention surtace Ofvt\fl annuﬁlr retention gioove anﬁl 6%
circumscribing thé central mounting aperture is'a hon continuous anntlar cémpliant surface
circumscribirty theooepliralt muotieting aapetinmeus annular compliant surface circumscribing the

central mounting aperture.

10. The disc clamp of claim 9, in which the continuous annular
compliant surface circumscribing the central mounting aperture is a non-
15  continuous annular compliant surface circumscribing the central mounting

aperture.

1. The disc clamp of claim 10, in which the non-continuous annular
compliant surface circumscribing the central mounting aperture is formed by

20  providing a relief cut-off.

12. The disc clamp of claim 9, in which the peripheral portion
extending radially beyond the continuous annular compliant surface
circumscribing the central mounting aperture comprises a substantially uniform

25  thickness.

13. The disc clamp of claim 12, in which the central mounting aperture

comprises a substantially non-uniform thickness.

30 14.  The disc clamp of claim 13, in which the substantially non-uniform
thickness is provided by coining the peripheral portion extending radially from the

central mounting aperture.



11. The disc clamp of claim 10, in which the non-continuous annular compliant surface circumscribing
the central mounting aperture is formed by 20 providing a relief cut-off. 12. The disc clamp of claim 9,
in which the peripheral portion extending radially beyond the continuous annular compliant surface
circumscribing the central mounting aperture comprises a substantially uniform 25 thickness. 13. The
disc clamp of claim 12, in which the central mounting é%érture comprises a substantially non-uniform

thickness. 30 14. The dis¢ clamp of claim 13, in which the substantially non-uniform thickness is
provided by coining the E Tiph ffSgﬁig:q@t%aévﬁ‘}ﬁl%i&lﬁ%hﬁ%@%@ﬁﬁﬂ?ﬂ%’&ﬁﬂmﬁl ture. -18
15. The disc clampi¢ifrelaing pavillydbereibiesubsipstiphyrapporiiviosxteilicignessaisypiiowdad by etching
the peripheral portion jxtendinégéadiall\é from the central mounting aperture. 5 16. The disc clamp of

claim 12, further ESMBHENMY W MBS ee adjustment aperture. 17. A method of clamping a storage
media to a motor hub by steps comprising: 10 expanding a disc clamp central mounting aperture

confined by a peripheral portigp of a disc cla hroygh conical deflection of the peripheral portion;
aligning the expanded d} ¢ clambec(gﬁ%rélﬁm&%éad%ggrtﬁVéﬂgafé)&%?%n?eﬁé:iﬂgﬁ dove of the motor
hub; 15 releasingtljesaasicapdatiection to pressingly engage a compliant surface of the disc clamp

adjacent a retention surface of the retention groove to impart a clamping force on the storage media
through an annular rib of the disc clamp. 20 18. A data storage device comprising a motor assembly

rotating a storage medi&7the storagkochetldainsideisexaefangdisciationstoiphyiiibastepsd/write
comprising:

10 expanding a disc clamp central mounting aperture confined by a peripheral
portion of a disc clamp through conical deflection of the peripheral
portion;

aligning the expanded disc clamp central mounting aperture adjacent a
retention groove of the motor hub;

15 releasing the conical deflection to pressingly engage a compliant surface of
the disc clamp adjacent a retention surface of the retention groove to
impart a clamping force on the storage media through an annular rib

of the disc clamp.

20 18. A data storage device comprising a motor assembly rotating a
storage media, the storage media in a data exchange relationship with a read/write
head, the storage media clamped to a motor hub of the motor assembly by steps for

clamping the storage media to the motor hub.

25 19. The data storage device of claim 18, in which the storage media is
clamped to the motor hub by steps comprising:
expanding a disc clamp central mounting aperture confined by a peripheral
portion of a disc clamp through conical deflection of the peripheral
portion;
30 aligning the expanded disc clamp central mounting aperture adjacent a
retention groove of the motor hub;
releasing the conical deflection to pressingly engage a compliant surface of

the disc clamp adjacent a retention surface of the retention groove to



head, the storage media clamped to a motor hub of the motor assembly by steps for clamping the
storage media to the motor hub. 25 19. The data storage device of claim 18, in which the storage
media is clamped to the motor hub by steps comprising: expanding a disc clamp central mounting
aperture confined by a peripheral portion of a disc clamp through conical deflection of the peripheral
portion; 30 aligning the expanded disc clamp central mounting aperture adjacent a retention groove of
the motor hub; releasing the canical deflection tq pressingly engage .cork? liant surface of . the disc
clamp adjacent a retention surf 388 B HE TREIKEE Grody et?)tQT%efrﬁE 4 E?’é\%%ﬁ?gafglr‘(’: g the
storage media through an annwigmehliaf ¢hengisc clamp. 20. The data storage device of claim 19, in
which the disc clamp 5 comprises: a generally disc shaped body including a central mounting aperture
and a peripheral portion extending radially therefrom; and an annular rib formed in the peripheral
portion confining the stopage mEeialatinsierage tepacteddtampmdgioragchliBe disc clamp

5  comprises:
a generally disc shaped body including a central mounting aperture and a
peripheral portion extending radially therefrom; and
an annular rib formed in the peripheral portion confining the storage media
under an imparted clamping force.

10



	Background
	One key component of any computer system is a device, [such as a data storage device (DSD)] to store data.  The most basic parts of a DSD are an information storage media that is rotated, an actuator that moves a read/write head (head) to various loc
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