MAGNETI C DI SK CENTERI NG SYSTEM AND METHOD FI ELD OF THE | NVENTI ON [ 0001] The
present disclosure relates to magnetic recording, particularly to disk
drives, mu@ret0v/gsHéad testers, and magnetic di sk test er SCTREFPRENIB TO
RELATED APPLI CATI ON [0002] Thi.s a gl ication clains priority to US

Provi si onal Applicati¥a TIQDIﬁf ENTEBING SYSTEM ANDDAEEHOE 16, 2008, the
contents of which are incorporated by reference in their entirety.
BACKGROUND WING ] A spinstand is a device for testing
magneti c heg]}:sﬁiajﬁcpﬁrrggneti cﬁnjg@gﬁrrbeari ng di sks for disk drives. A disk
drive is a device having one or nore magneti c medi unbearing di sks installed
on a spi ndl e [P&M] r ot at iThapresantidisnhesursrelater te maptgtie tecardingauigichlagly teglissver t he
surface of thg di . i t : iiting data onto those disks.
[0004] FIG rllﬁlg o%éﬁgﬁf%ghp@%‘g%ﬁaé{&ﬁ%@&%ﬁg?%% view, partially cutaway,
respectively, of a prior art spinstand 100. The spinstand 100 includes a
base pl ate 1MREFERENCEAIOREEATEDIAPHIUCATIONuUdi ng a rotor 110 and adapted
for rotational notion about a spin axis 122, The spinstand further includes

a rotary enc 140 rigidly. coupled to the or..11 t at i Qnany, encoder
onder T05, d0Lok 11 2 Msgmlish SR by S s Vv andi i SN T oni ng
mechani sm 108001 Mo fited leshbdr BIQ00Y, the BeddntsRP $rhich el iBGREedDY tdirempth 146
for absol ute positioning of the head 116 over the disk, and a controller
105 for coord‘W&PWﬁH'and controlling the functional operation of the
device. [0005] The spindle assenbly 104 includes a rotor 110 (wth an
associ at ed drBAEKGROUND OPrHENINWENTIONt ed on the base plate 102. [0006]
The encoder 140 is rigidly coupled to the disk through rotor 110, and

rotates about the spin axis of the spindle. The epcaoder, 140 provj des
signal s repr d43t at i ve AoPinstard igp devicn far tasiige magnchiebsads ¥ npengtis @By 110
(and thus di 1 S drBley AGiTOFRBLy L 393 BhOS e Rhgdelemedisk- OF
when the di s%lé?rgég%%%%red. ?I%‘(S%%flehe pES_eaccﬁgiE%n 1ﬁ%ad %Iosi %i ogr#en I?nrrelchani sm
108 sel ect i veresringalisks ingpibed gan papindie for rdieding, and gne o5 wore mpgnetitlpads fiveng over

medi um beari | ] . f iadl e assenbly
104. [ 0008] THE %@c@i“ﬁ’gﬁg'ﬁsg’g%ﬁ%gg%faﬁ%?ﬁmgﬁ%%ﬁ’ﬁ%ﬂl%e;“ﬂ%?‘ovi des the
absol ut e

[0004] FIG. 1 shows a top plan view and a side view, partially cutaway,
respectively, of a prior art spinstand 100. The spinstand 100 includes a base plate 102, a
spindle assembly 104 including a rotor 110 and adapted for rotational motion about a spin
axis 122. The spinstand further includes a rotary encoder 140 rigidly coupled to the rotor
110, stationary encoder reader 103, a chuck 112 supporting a disk 118, a precision head
positioning mechanism 108 with attached X and Y linear position encoders 145 and 146 for
absolute positioning of the head 116 over the disk, and a controller 105 for coordinating and )

controlling the functional operation of the device.

{0005) The spindle assembly 104 includes a rotor 110 (with an associated drive

motor, not shown) mounted on the base plate 102.

[0006] The encoder 140 is rigidly coupled to the disk through rotor 110, and rotates
about the spin axis of the spindle. The encoder 140 provides signals representative of the
absolute angular position of the rotor 110 (and thus disk 118) at any given moment, during -

‘ spinning of the disk or when the disk is stopped.

[0607] The precision head positioning mechanism 108 selectively positions a
magnetic head 116, over the magnetic medium-bearing disk 118 supported by the chuck 112
of spindle assembly 104.



position of the head 116 in XY system of coordi nates. The position of the
spin axis 122 is also known in the sane XY system of coordi nates. The
angul ar pwei2nicans@B the disk 118 is determ ned by the retansemossies 140
and therefore the location of any point on the disk 118 can be expressed in
pol ar system of coordi nates having the center of coordinate systemat the
spin axis 122. The |l ocation of that point of the disk 118 can al so be

ﬁon\d/erted t ordobsy XY ﬁy%eﬁﬂeﬂgloﬁlﬂcﬂﬂ i)sﬂtﬂinﬁ}%,ms‘éh@ﬁbn{ tc}gtpr&msngslbgdma of the
ead In respect.to. .t ol _nt I sk..can he determ ned. a glven
T, T0000] Ptk o 8 o iR utett A SoorRrS e 2P LR Sircpacy o
support surf alecekﬁ\mfm ﬂﬁlsﬂdé EYkPdeh yf @otiidated Thhe abindde pﬂ:sllﬁon of tied ki@ 8l ist o

spi ndl e 104, for vacuu i in the nner h S
et ont 7, 205000 R PRE G S g IR b Dbl AR SR 5
spin axis 12@H@xmemd%ngmgehpenunnﬂmanmmawﬂnemgM@n@m@ﬁﬁ@heédmsmmmmeﬂ [ 0010]
There are seygr, @h R0PbA. GAL AR WD B, msalsg HEGRUM beanl ool akxhas

pre witten or re- rlne esea i catl ons he di sk
i ncl udes a phica qftcyoréfna@ seali| tleat tb@@ﬁ@@qﬂqﬂﬂ@ b&eﬁ 8 respet résth@momf ¢n tﬁﬁ@w@t ic

medi um bear i pg RWkkALRed £%8MBlftlgd by track 124. Wen disk with
pre-written or pre-printed data is placed on the spindle, the aX|s of

concentricit t he dat acks ta axls d axi s f t he spi (spin
axis 122) inﬁﬁg%eral dgm%dﬁg§&ﬂﬁ€%&gm€ﬂ@“? 3Rl SieERe ?8P@ﬁ§ﬁé@”me hi s
creates a pr@b#ﬁﬂkﬂ@4%9hhﬁ%ﬂlhéhﬂ&ﬁ8Kﬁﬂmﬁﬁdﬁu@hm&ﬂﬁesmr@ambk&yhamhm in

di sks with cl.osel l.aced data tr qhL¢ h P9 |t|

assenbly of TREPER( ﬁgFEWﬁmas fr nlq§¥%%ﬁ%2?f ?%?accd%nnd e such Psets and
performthe mekaﬂGﬁdkmSQMHQmﬂaﬂcﬂbmh&nththuﬁﬁodnehmeahhm¢acV§ Follomnng
of tracks in a presence of a large eccentricity makes it difficult and in

SOme cases iﬁsgg(gsi bl e haga %e\g}al Eﬁyﬂgﬂfoﬁp\kfﬁenl QRnOR hEurS BLNQg S¥SHAM Used

to p05|t|on 116 over t makes accurate neasurenents
i npossi bl e i Previticousprmpinice deth dn iesq appticfionaheedigndf dnchriesalpragy of

application iigutaeeddcBgrit H&a dackKsn mgég%et&%éﬁth Béz@lmgairfa@@ ek@nlﬂhlfed pyinted
u3|ng di screte track recarding (DIR) technolo L Qéﬁ% i E %

appl i cat i onstrakgihs¥hsigliskayith RI% agitieyer pﬂ%lP%.m?de c ttfeeﬁp ndieethe @t vsi s,
for exanpl e, ofageenticdi; SKthwidith triggke (daral aicispandiaris Qfﬂiﬁ&plﬂdﬂe (spinfa@ROYBAn f r om a
failed disk driv are

spi nst and, mﬁ??gfﬁ?ggkﬂ$ﬁ hwgﬁ?%%ﬁwaﬁ 2@3?555 mc Sy Kggmﬁo{qbﬁégggc? to
t he spi n axi Sacks.9n aghicaeaphaictladsinidisks weh clasdy pjiiceti éstti trm}s Dheorgaciec pdck
Recording ( Dl;ro%}tlog{n% lésssem to% t}{e%gi%gtgx{dymi%ﬁ\:qlof @é elb%rtg a&%ﬁﬁ%ﬁéé sith Bffsets and

perform the required testing functions with sufficient accuracy. Following of tracks ina

presence of a large eccentricity makes it difficult and in some cases impossible because of

unbearable load on the servo system used to position head 116 over the disk 118. It makes

accurate measurements impossible in various applications.

[0011] An example of such an application is testing the disks where servo

information is pre-printed using discrete track recording (DTR) technology.

[0012] In other applications, spinstands are used for data recovery and failure
analysis, for example, when a disk with pre-written information is removed from a failed
disk drive. For such an application, placing a removed disk on a spinstand, while providing
minimal data track eccentricity with respect to the spin axis, is as important as in the case of
testing Discrete Track Recording (DTR) disks. Data recovery and failure analysis are

possible with higher degree of integrity if eccentricity is reduced.



possi ble with higher degree of integrity if eccentricity is reduced.[0013]
Reduci ng eccentricity is beneficial for the disk drives as well. Wen DIR
medi a Wi tWopn®/qsi7at ed servo information are assenbl ed iPoTASdI@l6SIRY Ve, it
is inportant to nount the disk on a disk drive spindle with m nimal data
track eccentricity. Track followng is possible with greater accuracy if
eccentricity is reduced. [0014] It is beneficial to reduce eccentricity by
al i gni ng t hejodadla axi sRafucﬁg(dbcsktﬁmitytibb&ﬂfeﬁcislrfbnhadiislsdm(esas\squ] MéteadRor a

drive. [0015 aQV'ltRurse-de d%gr%o?hr atlc% lrg‘ sgn‘t;lgd %Q%hs rdngg te}gltm h pur port
to center a drsk ustn gp¥ I nner er or ou nater of e di sk,
e.g. as showmoum tltd@lSﬂ?aln@rduskNove @m@elmllglglmrfﬁiéammcwtnmthaﬁa%afpmmassurres

that data trQ%B%fb%@lt}?@%zﬁaia'cajrécx1Fé35@1h%t1glﬁs(}e(ﬁlfae& he outer edge of the disk,

which is generally not“true. This prOV|des accuracy coupl e of orders
of magni tude | ower than required. ig0016] The present invention provides a
centering nelfB and siétbensficl toge ‘{j‘rﬁﬁ@ﬁ’ﬂm%‘fﬂé’%‘&‘ﬂ%g theidata gxis At HALHVH axi s

based on t hewk BfiREARSS Hpindlahd &RV, t he di sk, achi eving a high degree of
accuracy, on the order of several angstrorrs SUMVARY OF THE ENf VENTI ON

[0017] The i tion provides.a syste met.hod for. ali jn data axis
of one or é?ﬁl rcul ar 83 4 BE AT gle BHOER ‘é’ﬁ LPy grgur élc?éarglégl on of
a magnetic rrm‘hgabemmrn@ancht@br oum':rtdl‘ran&tapf the disk,s.g0éis showpinddd Baterft Na. spi nst and

or a disk dr& % 19\6h %Ee tr}#)cﬁ] gfaﬁfﬁtp?tre s%me? th&%&%%%é @sgenhﬂl)l J%ﬁce?lwc tGCEe

regi on of the disk and 1 s are concentric wmthrespect to a
data axis. [00&}r clge pbhé dslmwhied mmlera&moﬁ, trag- Idisrreathodfpreyedep é%“raay data track

centering as oY oidSrsloPRbMESE: loRefnaPifigiand. An exenpl ary spinstand | COA
is shown in %%@é 7 érﬁoa pé{‘gt?erroegl for mﬁ\ﬁt he data track centering assenbly

i ncl udes two act uat ors 400 and 410 di sposed fromthe opﬁosme sides of a
di sk. The di ¥R14ls m)unifbfdpr‘éﬁmtlh@ng?}‘p%%‘@cs&?ﬂt%@ rgFh FISETHPT ¢ he

spi nstand. Eaghmastovatian aﬂ@ﬁqt@-a@&ﬂ&ﬁ@bas&i @nfamnf&&ét@nmwbmnnmpu vely,
and is adapted for selectively transl the contact element through at

| east a port ﬁma%ai 1 derret AT IR THRC &%e‘iféevﬁf g@gls%%s region is defined
as a spatial region extending fromthe disksupport surface in which a disk
is placed in a spinstand, or located in a disk drive. Both contact el enents
are aligned sUMM®MRY QF GHE ENYENHGN t ransl ati on axi s 460, where the
translation axis intersects wwth and is perpendicular to the spin axis 122,

so that the ﬁ)@ﬁ]aCt The invention provides a system and method for aligning a data axis of one
or more circular data-bearing tracks on an annular surface region of a magnetic media-
bearing disk, with a spin axis of a spindle of a spinstand or a disk drive, wherein the data
axis is perpendicular to the surface region of the disk and the data tracks are concentric with

respect to a data axis.

[0018] To perform the data axis alignment function, a data track centering
assembly is included in a spinstand. An exemplary spinstand 100A is shown in FIG. 2. In a
preferred form, the data track centering assembly includes two actuators 400 and 410
disposed from the opposite sides of a disk. The disk is mounted on the support surface of
spindle of the spinstand. Each actuator has a contact element 404 and 414 respectively, and
is adapted for selectively translating the contact element through at least a portion of a disk
locus region, where disk locus region is defined as a spatial region extending from the disk-
support surface in which a disk is placed in a spinstand, or located in a disk drive. Both
contact elements are aligned and move along the same translation axis 460, where the
translation axis intersects with and is perpendicular to the spin axis 122, so that the contact

element can engage with the disk edge, apply force to the disk edge, and translate the disk.



el ement can engage with the disk edge, apply force to the di sk edge, and
transl ate the di sk. Each actuator can performone of three functions with
respect twodnsk7i@8 using its contact element - di sk edgeTdst@onssmrg di sk
edge position neasurenent, and disk translation. [0019] In accordance with
the invention, a disk 118 with pre-witten information is nounted and
cl anped to the spindle 104. The precision head positioning nechani sm 108
moves the hegghidifatov@n péitemding kf thit8 funtiiens e despea ebsdidkrifl @ usiag jtodoniatt tt en on
t he di sk and ,det erm ne ccentrjcity of.the data trac 15 . relative to the
Spin axis 1A 6IRk R arrapy i ot kT Pet e AR RRIIRRE of tracks
crossed during one revolution, track pitch, and the angul ar position of the
poi nt corresPérdi ng t olntahenrdrmrd witlniho inveetiodsa @gcEBtwithgirg-yritierhiaformagionshe
farthest pol R eS8 RADESHE HALINE neld dolifodif] ALdnkBs? P64 L1 On of
a portion ofgéﬁgﬁﬁgggﬂg%ggfﬁkhgpgﬁ isﬁﬁa?théép ?{3%1t%éﬁépin aiis conpar ed
to all othermeysh Hedees ! ibipserdbg disk Ydctke hepd scagh mfrmptignoiitien oA the disk 2gét er mi ned
by spindl e g L il tats Pratks 8RS RIRGE [OHOL iR Ol THIRKcediriRL
gener at ed by&%qgﬁéﬁg%%?glgﬁ%g%e? 140, Pre}erafﬁy,§¥helpre-mwit%en dgta
i ncl udes enbeddeniraddasag o dltcanmposd Opckrlionsed dhanging kevokitign. dippierichrigd
preferably 1Qckedid Podfalok HRPoihERsdol@nsd @l tBe AXliSuinDublab@Resniciy e
translation axis and faces the translating actuator. The1§%52£g Pis

[

al i gned wi t Histthefartheshrauati(FOrPndbs dskapryesshiatyet s qialbys nepike Yretand a
first porti ofe @fta trit®, Ghick W@ Honthe §9exiOdonipared @ Skotkdr poigistonhetdatans! at i on
axis. [0021] In the itllustrated formof the jnvention, the actuator 400

performs a drask theapsyiarnosiomme dterTiaehhy IgleFarqdsy Wk 5SREFUR 2 8B Fosi ti on

detection usxie{?&uﬁdaqnc[&%%ﬁatg&y&atmtﬁ@gpi@heeéﬁewes144ﬁﬁreml>4m.premampsi tion
of the contact el enent 404 kgﬁﬂg%grnined by a |inear position sensor

conpri sed of¢§“PﬂH§éFmB8¥¢@? oder 480 attached to the contact el enent
404 and a linear position encoder reader 490 coupled to base 102. The
posi tion of [b®Ejcont acThel ®eerk is4lbbpddund etefratilniodkedyn position ediereplodatai on

sensor conprised of Linear positi.on r - A e jcont act
el enent 414 %ﬂﬁs?%%m$ﬁﬁé§F%6%@§OPSﬁQ%%ﬁgggg%fgggépgkéggggg% %ﬁ&tol ase 102.
[0022] The cadighakvitiethe remiatidd 4xip460taneé is bfteern thie spih asie prskt gt o108 thfpved

tovard the eqe, pfthpled dfnlis@ubifl ( daskilod Ay speed to minimize impact

when the contact elenent engages wth the di sk edge, such that the contact

el ement does not cause a shift in position of the disk duri&gﬁed g position
measur enent . (0948 advanbeheipstatedderm o iavantien. dirsnpaian HPOiperh 66% when it

cones into t{e G5 Adtacithibiuioherstinsk Rdgese pbhigoklidktietgengibsictpeotivel S
contact elements 404 and 414. The position of the contact element 404 is determined by a
linear position sensor comprised of a linear position encoder 480 attached to the contact
element 404 and a linear position encoder reader 490 coupled to base 102. The position of
the contact element 414 is determined by a linear position sensor comprised of a linear
position encoder 484 attached to the contact element 414 and the linear position encoder

reader 494 coupled to base 102.

[0022] The contact element 414 of the “detecting” actuator 410 is moved toward
the edge of disk 118 at a relatively low speed to minimize impact when the contact element
engages with the disk edge, such that the contact element does not cause a shift in position
of the disk during edge position measurement. The advancement of the contact element 414
is stopped when it comes into the contact with the disk edge. The disk edge position is

indicated and memorized when the reading of linear position reader 494 stops changing.

[0023] Then, the contact element 404 of the “translating” actuator 400 starts

moving along the translation axis 460 toward the edge of the disk.



i ndi cated and nenorized when the reading of linear position reader 494
stops changi ng. [0023] Then, the contact elenent 404 of the "translating"
act uat or WwOQosrmsi7s novi ng al ong the transl ati on axi s 4@0Tiuse@wdetobe edge
of the disk.[0024] The controller 105 noves the "translating"” contact

el ement 404 using the position feedback fromboth the |inear position
encoder 480 attached to the "translating" contact el enent 404 and the

I4i1 ZearT h|oosi t '[oomclqlencoderrhél&ﬁtrayetr amﬁdvets alet“t}efllsi'ad@g’a@hdaagien@a«no?@ltsmgthemgnt "

: e contro r stops Vi the "transl ating" contact el enent, 404 when
it determ neBSto] &?ﬁﬁggﬂgﬂ§@1&%Bﬁmﬁgﬁﬁﬁﬁfmﬁggﬁggﬁmﬁ%%t?gwn§W5§Eﬁ§ t he
requi red di stanceclanghalo4 mditiedinergssitiedeneadzefi4ratectey to thO 0REtingieotaanear
position encoder hed .t the "detegting" At efl ects
the disk pos%??%ﬁ%%%ﬁéegg@ﬁﬁgfgw§m88n g?egg?%&%ﬁégﬁ%ﬁgkgggggﬁ§%§%ﬁencoder
attached to ddtemirtes trasthat'detrgting oattac lembwrfdhis Q4d bhbe sagyeed digande skwahmy be
conpr essed b¥”£#ﬁa%%%gg§%&h& g" contact elenent fromthe "translating"
actuat or side. e disk fromthe "detecting" actuator side is not
conpressed. [0026] In a preferred form the optional disk clanp assenbly
sel ectively O0%Hps a nABOBICRPATEET sncpesa Pitasheddp she “defeting ‘Eﬂ“é%t-%%‘beﬁbﬂ‘l
surface W t hy.8.86heaisRBbidal i adc@aes: colpgred loamPlidear sRitivs edl@ati@tled r om
force value FC for disk eq%ﬁ dete&@%gn ug@ﬂ¥%? aqp force gl e FC2 for
di sk trans| atoi®®h Hepiiingo FOnRRhEr BT *Heciruse dis i reht efCP‘BPﬁef—gfg {tVpically FC2
is smaller thansiiGe) coftfdéhentien thanahsitingl aactaeratder Thealskdppl the f or ce in
two nodes - %? tpe”first quehtt&%Q%Igiing actuator applies force to the
edge of the diCERMFaPRPSL B dVRY EBRR Y i ction between the disk and the
cl ampi ng nmechani sm sel ected to disk clanp force FC2; in the second node,

t he transl at[08g6lact uat bra profeeed form.ttheeopsives) disb vleme atscmbly splpatiyely glaggsa of

force, such poate g‘%ﬁﬁe&wﬁg cfriﬁarg\% Qirs}@\s/@le:&@ birBcERER ¥elQfablcR@ingobicacthe el ement
K

to the disk to nove t K 8% n the "detecting" actuator
i ndi cat es t helamp frscedp sgtecies! ff aelagFel for disk pdegdeieatipndinstighe orehe

actuat or con{acdrc®l BFEAL SartddorPfideibAvidken POL R diyed framad 1 f(typianityecadi sk
edges. [0029] As a final step, the disk 118 is clanped with the nom nal

clanp force maller@pleh-to spin to a nonminal rotational speed, the head 116
is |l oaded on disk 118, and the quality of centering is confirmed by reading
servo infornmoegn. | n Thetraakeng eaaseranepply force in two modes — in the first mode,

translating actuator applies force to the edge of the disk mainly to overcome friction
between the disk and the clamping mechanism selected to disk clamp force FC2; in the
second mode, the translating actuator moves in the step movement to apply pulses of force,

such that each pulse transfers kinetic energy of the contact element to the disk to move the

disk.

[0028] When the “detecting” actuator indicates that the disk is translated by the
required distance, the actuator contact elements 404 and 414 are both moved away from the
disk edges.

[0029] As a final step, the disk 118 is clamped with the nominal clamp force FC1,

driven to spin to a nominal rotational speed, the head 116 is loaded on disk 118, and the
quality of centering is confirmed by reading servo information. In the case the servo
information indicates that the residual eccentricity exceeds the prescribed threshold, the

process is repeated iteratively.

[0030] In various embodiments, when two or more actuators are used, some
actuators are dedicated to the disk edge position detection function and the other actuators

are dedicated to the disk translation function.



information indicates that the residual eccentricity exceeds the prescribed
threshold, the process is repeated iteratively. [0030] hi various
enbodi NneNWe,20WEM7BWO Oor nore actuators are used, Sonme RCTUBL@VDCHARE
dedi cated to the disk edge position detection function and the other
actuators are dedicated to the disk translation function.[0031] In various
enbodi nents, when two or nore actuators are used, both actuators can
perform bot hjodsgk edgempasbisictbodigiis,twien thdinatdre Bctaitds irh&sedil&kht ransl ation
function. nanater tlveform t.he . entl n
conter i ng asBA S er RS s i e dae Pt e PR Bal e
functi on betfweeiondi sk edge position neasurenent function and di sk
transl ation function. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0033] Vari ous
enbodi ment s @haine | NVENAln e f%rnsoqvkﬁ%mn%&l zh@@ra&péeh%ggsm@ | ed
description and the acconmpanyin Is a top plan view
and a side phendssiasinglepamatonmhichelig ts @@HWW@nﬁéb%@éﬁﬂHﬂ on of a
prior art W%&ﬂe&eﬂ%&iﬁ@@&hd%&l&aﬁﬁaﬁoﬁrfunc%%ﬂh a magnetic medi um bearing
di sk nmounted on a spindle. [0035] FIG 2 is a top plan view schematic
representation of a magnetic head and di sk test systemw th two actuators
i n accordance_w e i i 0 G 3 is a schemtic
repr esent atl%ﬁﬂéﬁ th%’%ﬁf%’ﬁ@ﬁb&ﬁﬁg the eccentric tracks and the
track nunbers decoded by a servo decoder. [0037] FIG 4 is a schematic
drawi ng of awoEYybodi neMtrics embalinemiesftthainvantiothart disclesst iratho fadlow[ng038] FIG 5
is a schemat | W f I t he actuator in detail. [0039]
FIG 6 is a C?f?ale?g%csﬁlogan%e %géd%éiﬁg{l)?ést he contact el enent of the
"detecting" actuator as a functl on of tinme throughout the alignnent
process. [OOMOIIFI G 7FIGs 14 sleneltavicy andpridaiat dEV onrifly cHav el stemitst FI G
2 with a di sk,REdRFiod OF Abrlod MBREnetit RAG khd £ikiGest&:, Wih & mSE1EFBediGm-bearing
representati on of the systemof FIG 2 with the disk rotated such that
maxi mum out \Aﬁ?%o@é‘?flé?‘?tar@{?ﬂey is ali gned with the translation axis of the
di sk ali gnnent nechani sm

[0035] FIG. 2 is a top plan view schematic representation of a magnetic head and

disk test system with two actuators in accordance with the invention.

[0036] FIG. 3 is a schematic representation of the head trajectory over the eccentric

tracks and the track numbers decoded by a servo decoder.

[0037] FIG. 4 is a schematic drawing of an embodiment of the invention with two
actuators.

[0038] FIG. 5 is a schematic drawing of an embodiment of the actuator in detail.
[0039] FIG. 6 is a diagram showing the position of the contact element of the

“detecting” actuator as a function of time throughout the alignment process.

[0040] FIG. 7 is a schematic representation of the system of FIG. 2 with a disk
prior to alignment.

[0041] FIG. 8 is a schematic representation of the system of FIG. 2 with the disk
rotated such that maximum outwards eccentricity is aligned with the translation axis of the

disk alignment mechanism.

[0042] FIG. 9 is a schematic representation of the system of FIG. 2 with the disk
after alignment.



[0042] FIG 9 is a schematic representation of the systemof FIG 2 with
the disk after alignnent.[0043] FIG 10 is a bl ock diagram of the disk

cent eri ngwel2govd7séa f or the systemwith two actuators. [PQ0AKRoOBIOGR24] IS a
top plan view schematic representation of a magnetic head and di sk test
systemw th a single actuator in accordance with the invention. [0045] FIG
12 is a block diagramof the disk centering algorithmfor the systemwith a

si ngl e act uafooa3) [ 0046FIEGis alidodkSidrSCoRRPditicceteand NgorPim thencaldiar nat i ve
enbodi nent of télhe actuator with a voice-coil based coupling nmechanismin

detail, wher EWBTCE™HY is in the position for di sk edge detection. [0047]
FIG 14 is a schematic draw ng of the alternative enbodi nent of the

actuat or w t [90dd]voi ce- €. 111 restep plen viptviscigmaeckpmrscamipmoithehagnbtic hehdand voi ce
coil isint it I ati ol 0048] FIG 15 is a
schemati c drgl% Jﬁg%gﬁg{l ﬁ’gﬁgltsftng]? ﬁg@%tgﬂhg%%%%@ dg’gf)lgﬁ?%&gct uator with a
spring coupling mechanismin detail. [0049] FIG 16 is a schematic draw ng
of an exenpl B)P%S]coupl i Y- e ésretiockidhiagaannef the Pivkegnigtinealeetiyafethogyiem var i abl e
pressure | evgln a2 k9950 &hGS 17 is a schematic drawi ng of an exenplary
actuator with two linear position encoders. [0051] FIG 18 is a schematic

drawing of a disk alig .mechanismfor disk centeri dn a_.disk drive.
DETAI LED DESEB®TI on [3@3%1 shemplie Areivaig ob ths et erad Vg ef?gg%a‘“é?ﬁg‘esystem for

aligning a dahatdxiith aGbicereil based@uplirg Mehindym Hakeail pelsrd igeetcoAddds then an
annul ar surfaocl% rg(%idosrll(e fe ete’gﬁ%{'eti c nmedi abearing disk, with a spin axis of
a spi ndl e of PRI SR EHiNtassenbl'y (for exanple, of a spinstand or a disk

drive), wherein the data axis is perpendicular to the surface region of the
di sk and t hel0p4Hcks ar EIG dhderschinmtipidielyinged feeltemaiva cohedimentiofthe Pr ef er abl y,

the data i nCAcHQnE)? y/?tﬁ%\Qgicg—ggi?baséc{!co?gl‘ﬂ{gqlflé%ﬁgn% iani'éﬁ]l, Wi RY&iBMidiRtludes a

di sk spin asse a rack ntering assenbly, and a system
control | er. [ 0988postien fopdishtrinslatitan be i npl enented in nunerous ways,
including as a process or method, an apparatus, a system a conputer
readabl e nedjopggisuch asi 16 ANdk&NKatic drawing of the alternative embodiment of the

actuator with a spring coupling mechanism in detail.

[0049] FIG. 16 is a schematic drawing of an exemplary coupling mechanism using

a pneumatic actuator with variable pressure level.

[0050] FIG. 17 is a schematic drawing of an exemplary actuator with two linear

position encoders.

[0051] FIG. 18 is a schematic drawing of a disk alignment mechanism for disk

centering in a disk drive.
DETAILED DESCRIPTION

[0052] The invention provides a method and system for aligning a data axis of one
or more circular data-bearing tracks on an annular surface region of a magnetic media-
bearing disk, with a spin axis of a spindle of a disk spin assembly (for example, of a
spinstand or a disk drive), wherein the data axis is perpendicular to the surface region of the
disk and the tracks are concentric with respect to a data axis. Preferably, the data includes
servo data. In a preferred form, the system includes a disk spin assembly, a data track

centering assembly, and a system controller.



readabl e storage nmedi umor a conputer network wherein programinstructions
are sent over optical or electronic communication links, to effect the

met hod ofwohelnats@ati on. In this specification, these imprasemvasioens, or
any other formthat the invention nay take, may be referred to as

techni ques. In general, the order of the steps of disclosed processes may
be altered within the scope of the invention. [0054] A detailed description
of one or nof@s&nbodi maht BlVﬂﬁlOﬁb?ﬁlHCﬁMﬁlﬁﬁlElﬂEﬂ inSwpeoud d@d 1beihmmg alaong with
acconpanyi ng f| yres h tra the princi nven on. The

i nvention |sp8escr| &q° cf%na ﬁ%élcs:’tasg%vxﬁat%% uteﬁregir?’g%dn edm SuCh %‘Wuter

i nventi on i sreadabld sterpgegaedivn enmcompiiotiietreerk whitias psquqmemtfruomhw armpemvneon is

limted onl yog%alté?%le%aw&nmﬁl % my%&&ﬂfémhsﬂl%%@gﬁtﬁsﬁw%

b 2
alternatives, nodifications ancf equi val ents. Nunerous specl ?ﬁc get ails are
set forth i nSEeR@cstion) Bew irgpleraetatiopy, Pb#nyiothes fome that @emvswqaénaa 2o BURFN

under st andi ngfQfedt IR thdMRREsl @ngen-&la?% oRek 8f thS st@fs@f Bk QNded B cEseds ntdy®e PUr pOSe
of exanple and the |nvent| on be practiced according to the clains

Wi t hout sonedisFedayit “b?hetS‘F?Q%f@?)@(Y?“l“iOE details. For the purpose of clarity,
technical material that is known in the technical fields related to the
i nventi on haposglt beenadieaded dediption dfdnaiol mse chdbadimeine of thy @Rédtionis S not
unnecessari lffr v1§ ur e head i sk test

system | OOA %%%lég ‘\’7\%%% %CC?IH%an?’mg% i %tr}%afils sﬁte?he p“m“ﬁflbgftg. In FIG 2,
el enents whi mheramnréqumtlbmlséb@nbwtls comedtive withiseeh ebpdigysisadmt df FIG 1 are

Jdentifled WolGdihe ARIRIEALSEE ol g{le%cop[e%g&@hv zFl%n%QﬁrHééd%ﬂz wf system

| OQA includes a pIn asse ase spindl e
assenbl y 104thm§19mseeeidéh¢ 1@%“%6@90‘91?96%@@ml@fzousdlhﬁ‘iﬂét@iefmnmﬁhfﬁétws Bessi ti oni ng

assenbly 108,,,aR0,R KAREfAL {RLifd ARailsQke &:%f‘tg'ﬁﬂtﬁ& fdﬂgwﬁl@‘%&ﬁﬁﬂid'th l)id@lgtot he
functi onal operatl on of the system | OOA. [0 The precisio

posi ti oni ng ﬁ@?é%ﬁ?ml’ﬁéuil‘?rs%élﬁg afithe BWC@@PeE}EqS?/é‘TWISﬁEFSHr?Y‘ nfﬂﬂﬁ%l magnet i c
hgad [138 vagr @Sﬁmﬂiplecanaraféhwmhﬁ@ﬁdyw p@lcﬁ&dh&&rcﬁh@é@@lﬂdcﬂﬁrﬁbwthm slpl ndl e
104. 5 sho 8 1is o] I.n.a horizonta

pl ane, cl anp¥PtB aﬁn ofthg 8P?leéctﬂﬁfa§%el¥ %%Ffpug’ﬁf%%pgm%%cw(@ 33?a?r6}fg by vacuum
cl anpi ng (i nkdoke 1ﬂ&i’&rﬂ6:ﬂ1nﬁdﬂ(ﬁehis kdlatédSo Retieventioh 129 bot®O@) desdribed peletailie thepi ndl e
104 is drivep to rotate 8 apout a spin axis 122 extending

1
per pendi cul a f%e?thogls?oéﬁrénec?ssat%%}élb "8k 118. [0059] The outer dianeter of the

chuck centering bushlng 111 is smaller than the
[0055] An exemplary magnetic head and disk test system 100A in accordance with

the invention is shown in FIG. 2. In FIG. 2, elements which correspond to elements in the

prior art system of FIG. 1 are identified with the same reference numerals.

[0056] The spinstand of system 100A includes a disk spin assembly including a
base plate 102, a spindle assembly 104 mounted on the base plate 102, a precision head
positioning assembly 108, and a controller 105 for coordinating and controlling the

functional operation of the system 100A.

[0057] The precision head positioning assembly 108 is adapted for selectively
positioning a magnetic head 116, over a magnetic medium-bearing disk 118 supported by

the spindle 104.

[0058] As shown in FIG. 1, disk 118 is supported in a horizontal plane, clamped to
a support surface S of spindle 104, for example by vacuum clamping (in the manner shown
in US Patent 7,295,002). In use, the spindle 104 is driven to rotate the disk 118 about a spin
axis 122 extending perpendicular to the plane of the disk 118.



i nner dianeter of the disk 118, such that the disk can be translated in
respect to the bushing 111. The difference between two dianeters shown as a
gap 120 mwetotwn7si7eat er t han t he maxi mum anmount of eccemcmius2aog/oso2e. t he
maxi num di st ance between the spin axis and the data axis). [0060] Wen disk
118 with pre-witten data exenplified by tracks 315 in FIG 2 is placed on
the spindle, data axis 310 and spin axis 122 do not coincide due to

mechani cal t gloggjances, The &Jtertdﬁa%{éke‘i oBhS Rk cdn@Eidf; 86kheE0 e NsMsiaBdr |t%n\6ﬁet h

respect tothesm axi sethetra ks are | oc
eccentrical | 7% aén%eéé’aﬁ“ﬁ%‘aﬂ%é% CS‘I%’\%E‘C(‘%S B%bwn%t?gﬂl TPSPAE tcb‘ﬁ gi‘sg‘\ngZ)
crosses nul tipl @hd dlﬁeﬂeﬁcemfetvstehtemd)l cBMnetéFhﬂlot;vhackgarpmbemﬁt Bbagﬂeatbetlﬂe&ﬁded and
the traj eCtoer?n%rrha?neo s gcrétt% {I coorddl nat ee? as .sh ?{t:t%u
[0062] During one revolu |onn el dmixi%m?leééla%m? %eeﬁélfeSBlHaWS Itiple
tracks wittéataons)t he di sk and sends the signal to the data decoder 330.
The data decoder cal cul ates the nunber of tracks crossed and angul ar

position of '§dﬁ at anyygh Y801 IR re- @ﬁe§ﬁ@%e%l1ﬁéﬂrb%ra§§§%lsm Ge2 P

represents t poi nt of nmaxi mum outwards eccentricity (FP). The |ine 345
shows the t a?lg‘??@ of thecRindlg ndséraxisf il 8 pndspiedrisy 28 idp ot coineidprgveyl mephapich

represent th@omsésMenudat8cs 8d 1dchiad KecBARBY withl rdsBf RS8OIpid 4@ Wb ni num
detected track nunber, and Pis a track pitch. Then eccentr|C|ty eis

calculated a = (M *P/2. esence, of seryo .i nfor

adtal posi ¢ NBRlIan beBelEie HRRMHoEE R RSSO R SR P Bl TTon of

track pitch. byl sliptiacti EIE, 2) diessehi myiligle emknbf the disk. Maasbuketimbers bansecur acy of

about 1% of tra 0064] , The 05|t| on a is d rmned by a
spi ndl e enco(5 eré;e 4?8“ \AﬁLtOWCﬁ'}’Eprﬁse&fglenpé)naéoo erdmatgs aS|ShOW ye}tclgu%nl ed to the
rotor of spindle assenbly 104. The spindl e encoder 140 produces two

signal s: an 0Aédx si gnRhringaviecdvolusion e hoed 5lé rpasls infervolion from mubipledriekrder

signal, whi ch;getsrd &%anh@éhd@&fé%lgﬁﬁ 1849 4hid tedd@S 38D O atal d€oddi SK 10
respect to the index. c(f]ér ine 355 1s a reference for the angul ar
('

posi tion mea@lfbies ﬁtesnumbﬁr 1@%{5#&@@ eplerqsiion of ¢isk YRy HEIINIREAS t he

monment when §BenspLindt @4@%@%@9%&&% 8 n BT neRinl OB ards wcafnecrlmpip)

enbodi nent of stemw th ctuators is sho in de
he%me%45 shows the target trac num%er after eccentrr}m)[/}vlqs remove& iet M represent

the maximum detected track number, N represent the minimum detected track number, and
P is a track pitch. Then eccentricity ¢ is calculated as

& = (M-N)*P/2.

[0063] In presence of servo information, radial position can be easily determined
with resolution of a fraction of track pitch. In practice, the displacement ¢ is measured with

accuracy of about 1% of track pitch.

[0064] The angular position o is determined by a spindle encoder 140 shown in
FIG. 2. The encoder is rigidly coupled to the rotor of spindle assembly 104. The spindle

encoder 140 produces two signals:
. an index signal, which is one pulse per revolution,

. an encoder signal, which determines the precise angular position of

the disk in respect to the index.

[0065] Line 355 is a reference for the angular position measurements. It
corresponds to the position of the disk at the moment when the spindle produces the index

pulse.



in FIG 4. The system | OOA includes a data track centering assenbly, which
is conprised of actuator 400 and actuator 410, positioned on opposite sides
of a suppwotedy/ddsei 118, and a controller 105 to controlPCrhis2doenegoronal ity
of the data track centering assenbly. In various enbodi nents, that
controller may be part of, and integral with, the controller of the

spi nstand of system | OOA or it nmay be enbodied in a controller distinct
fromthe spipséand conhmpedfired.cmbODméldt of heysant wish o adQBtoandshach iadeil 410 are

| f t 4 d 410 I
sernerally_ Sl fuhers 38, R Rp ATk keSS, A0 A ShghePe °
transl at es adcongr 404 sreinstuatbr 4110, positiondich dpposiel siiesat! alsemgttectadlmlrl& ad aof di sk
l ocus r egl OnCOnE&?ertlé%sc Q’[&(gg‘[% f@aggﬁnaih (H'%C%a{aqllacﬁ (Qen'[eﬁﬁg QJ&Q’H@Y Ofn \BH&JSdI S k 118

and intersects spin axis ntact element 1S
sel ecti vel y wrhpdgesnisntheiggetraifer mayibespartof.gme intasepl s, the eangp floéﬁleam s, as
control l ed byfhgq G@}Etéxﬁ'lb@,& or it RA$HI exﬂﬂ?ﬁw@% H&nRbn4 ARuhS ﬁ%ﬁ'tﬁ‘&ipﬁﬁtaﬁ@

performa disk translation function and actuator 410 is selected to perform
a di sk edge {88P{¥on detection and measurenent function. [0069] The
preferred enbodi nent of the actuators 400 and 410 is shown in nore detail

in FIG 5 . posAact uat OTh&aQﬂﬁioSh(BJ ol aauzmmtla@te geheemrsﬁmlwzndmnmd on a

carriage 604 ac .| i near ttach the
contact el enéfif®6 ‘?“at%rs ?ﬁxﬁ &r&ch’ ¢ beagfc ‘(ﬁfmﬁt Conk%td&?menf h@gg Hi%onary
bracket 610 Pmhnbmedbt elﬁmantpﬂaa&laees&kﬁlgattltawid’md atip4Gthibrobgs® 1082, poaldnlorﬁélak
pOSI tion enCIOdesrre %I'n4 t%r%fgﬁg} %{% %Egal e?{?)ttﬁegﬁl o?%%squgancﬂﬂgrsgcté

posi tion encod at| onary base
carriage 604axnm1\2és E@crh @ntagticlen@nigs pdaptet o slepténety cmagglan ﬁ@etolfaé disk éh%fﬂ@ltgi on

axis, as '”dt'hgﬁﬁrﬁfiu@/ %@gs JRahEA HEQWnEAR,. The rail 6 18 is attached to
6

t he stati onary plate nounted On a base 102. [0070] The position of the

contact elenment with respect to the stationary base ﬁjdjgeasured by a
| i near posi ti98¢8] encodeFhaasiiaior 4@is selepted 19 peHioRR aﬁlﬁgltrta? anfeader

transmts signalos 41 0disgadidds p&forinhlifkQ@abd pddition fiettdiion aaihasire@tbe Meitiod 0 t he
systemcontroller. The systemcontroller noves the contact elenent in a

servo cl osed p mann us line i 0 dback.
[0071) “The bR oper af T st saedysP ookt DOSRE PR Rl pot

conj uncti on ddtdilin FIGS. BnActuftOpaistidiG. codtag ebpwentt 498 nposted poncafiagsdht.act
element 414 Ofl 6t09 G thgI h&F '%nlo{})g rigﬁﬁial&%hg{l to the contact element 602, a linear motor body

608 attached to the stationary bracket 610 mounted on a plate 612 attached to the base 102,
a linear position encoder 614 attached to the contact element 602, and a linear position
encoder reader 616 attached to the stationary base 102. The carriage 604 moves on a rail
618 in the direction along the translation axis, as indicated by the dashed arrow 620. The rail

618 is attached to the stationary plate 612 mounted on a base 102.

[0070] The position of the contact element with respect to the stationary base 102
is measured by a linear position encoder reader 616. The linear position encoder reader
transmits signals indicative of the position of the contact element to the system controller.
The system controller moves the contact element in a servo closed loop manner using the

linear position encoder as a feedback.

[0071] The basic operation of the system 100A is described below in conjunction

with FIGs 6-9.

[0072] FIG. 6 shows the position of contact element 414 of the “detecting” actuator
410 as a function of time throughout the alignment process, starting at point 501.
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410 as a function of tinme throughout the alignnent process, starting at
point 501.[0073] A disk with data information is nounted and clanped to the
spi ndl e. WRQIHWHIAMEBi ¢ head is | oaded onto the disk. [O0PAI/UA3008/6802% i n FI G
7, the band of data tracks 315 (dashed lines) on the disk 118 are
concentric about a data axis 310. The data axis is offset by e fromthe
spin axis 122. [0075] The controller reads information fromthe data tracks
pre-witten W78he di sl didBwithTduea infofoativatd suniel ané aldmpddan thetshiadlier Bjeect or y
337 (solid | the spin axis 122. Based on the

i nformation *n@%&eugﬁ&%g@{oé&et%rog@ck%ﬁs‘e the controller calculates the offset
e of the data axis 310 in respect to the spin axis 122. [0076] The purpose
of the met hotP03Hd systé\msbﬁwrtlhéﬂcﬁ nvéabinskpfidata tracka Pl Yeslaghiae livkal en thxlisk 310
with the spi t:h r.ound t he
Spin axis. [8108?227ﬂe éQI' ctngiaa\%\(géglsltlﬂg%%atgég%)@?gaﬁ(S%%Hﬁ&? é‘l %mﬁlnzaam S
122 is expressed in a %ol ar stem of coordi nates, which has the center at
the spin axi 80p3sition, h%l?ﬂﬁltfe Qgds aforpatfoarfoncide fitnsaddsprededicgnatied by

spi ndl e i ndexsk mem@awneﬁbnq; rewﬁo@%@tr@}&t&y aiﬁ(sbﬁu ﬁdab &)n@%cddr&ﬁltd?hesySt em
is a vector 420 charact erized b a

par anet ers eSPARMEKIR Xy Saged|on fredp anygg gﬁmdFF %"f’et“lcg? %)]TSI‘T@F F‘H’rﬁ“’ﬂ@éﬁlc’ﬁlﬁté?n t he

di sk 118, thgcbeadebsindahiRadesho ih REp&ORtEOItPLkisSops and | ocks the spindle
at the angul ar position (translation position) as shown in FIG 8, such

that the data axis 310 noves to Ioc élon on the translation axis 460

bet ween the H8/H axis Ilzep%ﬁe?ﬂ ¢ pethpd angksytigm Qe tha vertionggo aligdhedak 118

remai ns cl anpad’ toavith e Sih NG @2Wukhthat the 884 rackamp cbRegec HGnd thd HIAs. As
shown on FIG 8, the contact el errent 414 of the "detecti ng" actuator 410 is

Mpact whon ETcont act et ERETT eh T Re fieeto PRtriiebage.” SOER-CRA ¢ he
cont act el enpidr sgoes oﬁmOrdnaa(t,fsevlaclslms flte cemterpo gietspio mxmbosuthm ghid$R amputar ng edge

pos 1 on MeASHEGE L. 3 EeaARIARG STRAL xls e nGANY AP b TROLI G fu o St PPl

when it comes i1hto the con he di s en stoppe
position of ¢doehxmtesslystenigeaV@tcniét(ecrhmantedzeldjoyﬂdmethlaaméamglqz)®3| tion encoder at a
poi nt 500 shown on FIG 6, where the linear position encoder reading stops

changi ng and'ghﬂiﬁl cates the tion.505 of

i S 0080 en the
clanp force he di sRME1E aimse%eé Saar?Seoéartegalﬁulgs}rra%seé(on ﬁlfm{“atmn r}Lad .

[ 0081] Then thkdisk bIR, dcthesl ie melngded,Gle whirdlkee stopsemsd llaks thg s;amdluatthrrangﬁl@r i s
moved al ong position (translation position) as shown in FIG. §, such that the data axis 310 moves to a
location on the translation axis 460 between the spin axis 122 and the translating actuator

400. The disk 118 remains clamped to the spindle with a first clamp force FC1.

[0079] As shown on FIG. 8, the contact element 414 of the “detecting” actuator
410 is moved toward the edge of disk 118 at a relatively low speed to minimize impact
when the contact element engages with the disk edge, such that the contact element does not
cause a shift in position of the disk during edge position measurement. The advancement of
the contact element 414 is stopped when it comes into the contact with the disk edge. When
stopped, the position of the disk edge is determined by the linear position encoder at a point
500 shown on FIG. 6, where the linear position encoder reading stops changing and

indicates the position 505 of the disk edge.

[0080] Then the clamp force on the disk 118 is changed to a smaller disk clamp
force FC2.
[0081) Then the contact element 404 of the translating actuator 400 is moved along

the translation axis 460 toward the edge of the disk as shown by arrow 470 on FIG. 9.
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the translation axis 460 toward the edge of the disk as shown by arrow 470
on FIG 9 .[0082] The controller noves the "transl ating" contact el enent
404 usi ngwoheloposi7si on f eedback from both the |inear po®Criuspoocsdder
attached to the "transl ati ng" contact elenent 404 and the |linear position
encoder attached to the "detecting" contact el enent 414. The cl osed | oop
parameters are selected such that it is desirable to nove the contact

el ement wi t hpgs2jover Shogd contkhifr 6RMEs R Ft@ﬁsmﬁag’p&onmavaaﬂen& hes ustigams| at i ng”

contact elenent. 4 es. t hat ecti, ont act el enent
914 s moved Byt ASIPER dorathe DU §heole S Pdie Aake ShbMh on
FIG 6 and Ftl&ned 404 S8R lm'Eblepo}smmearcomsutatchemno arcaeteftingt toachiedenicat 414e

"det ecting” ntach el enent. 414 refl i sk SI t| aceur at ely
conpar ed to? e SleneaP PRI 81 Sglﬁcct%dsélrc h?ttlgléﬁe PIQ Ove‘ r%orlllét emen{

cont act ele rmmhoull@\tbrshb@cﬁhmmtrdibr dolsknqvagg tlxte“tmmhpme’é w@cwemm%é’r when

"transl ating: .cont.ac e fromthe "tr atin ct uat sl de. The
di sk from t hlt dqqe 1nesttha?lg ng ctm;% contac létmlersltalﬂﬁ is moveg béﬂw TS u1r?%61§tﬁrjcef
transl ati ng @eposdicordld¢Ans dppflnyonﬂ?lﬁcﬁandm(ﬁ\&o rmdes - in the first node, the

transl ating actuator applies force to the edge of the disk mainly to

overcorre i gign bet ween e diiske 208 L6l 8T 0. aRE ARl srskeeted to

di sk clanp force FC2. e secon e translating actuator noves in
the step novishessthe diskpesitipnmanetccuraielysrgparehiodhd ieas rositign prcedréedachided

i mpul se to npvR tulaﬁswn@keontafaeeﬁ%&a@t b&h@mtd&m%efc&nﬁ@ﬁw@; thwi th the
disk for a relatively short period | yi ng short | ses. to the disk

edge the act d’é‘f%‘f‘tln@véﬁ’rﬁ%h‘é@m‘f%érog’ttbect“iaﬁﬂaq‘“lgl A sidfidl hFIﬁlé$E B a of the

di sk itself tdotettiransatiadier ssRiighdicskpreRdet. does not cause defl ection of the
spindle rotor (the spindle rotor nmay defl ect due to limted stiffness of

the spindle beari . .[0085] Then the.cla e aQn 118 is
changed backwgﬁt he or:rgl naélflgtgllgsal%luéﬁoé% aP@?’(f:OerCﬁ'—lgp oM g‘ﬁSéT thf‘h rStm ?%I | owi ng
t he transl atthotrasfatingectaits lepilies Ercetth éregdgeaof sbei dsskﬂa@nlatrdovsppme émtlsn 122
coinci de as SO i i aidold &gﬁ}%qéécﬁanu{g&ﬁ% ed ?Jﬁarm%pceaﬂ&smm' ally

concentric in respect to t Then t he act uat or
cont act el enspens! n2Qlg t@d@nﬂatmgap@atb@phveﬁﬁvté@stmyvemeew EPRlY linelie cagrge s

[0088] As a {jpabs §%£@eterﬁﬂ%d% sclt§ nfg(/é ¥e8isk; Qhesd%hﬂctte@enfénﬂ&EHeQﬁJ coh@ttat i onal
speed, the head is 1oaded o n the dis and the quality Sll sk c%nt ering
is confir madw;é}ythp disk if(ﬁ@ refafivgly short perlod By applying short 1mpulses to the sk edge t

actuator overcomes the stiction friction and the inertia of the disk itself to translate said disk,
but does not cause deflection of the spindle rotor (the spindle rotor may deflect due to

limited stiffness of the spindle motor bearing).

10085] Then the clamp force on the disk 118 is changed back to the original disk
clamp force FC1.

[0086] Thus, following the translation of the disk by &, the data axis 310 and spin
axis 122 coincide as shown on FIG. 9; the data tracks 315 are then substantially concentric

in respect to the spin axis 122.

[0087] Then the actuator contact elements 404 and 414 are both moved away from
the disk edges.
[0088] As a final step, the disk is driven to spin to a nominal rotational speed, the

head is loaded on the disk, and the quality of disk centering is confirmed by reading data
information from the disk. In the case the data information indicates that the eccentricity

exceeds the prescribed threshold, the process is repeated iteratively.
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information fromthe disk. In the case the data information indicates that
the eccentricity exceeds the prescribed threshold, the process is repeated
iterati veWp.2p00BS473The al gorithm descri bed above is il estrnst@d/oesv2dl G 10.
[0090] In an alternative formof invention, the data track centering
assenbly is principally conprised of a single actuator 400 di sposed from
one side of the disk as shown on FIG 11. The actuator alternates its
function bet (08891 "t r anFhadlgoiiim desdribed @b@etis ilgstragtiepFI@d 0descri bed bel ow.

[ 0091] The disk is mounted on the spindle and eccentricity is neasured the

same way as ri bed \V j ’ aRpesd.andek dringt he
transl ation @g%ﬁtion. F%%@gIn%ﬁ?ﬁ?ﬁ*?€+g?%%bg%tugtgﬁﬂb%?# rﬁ% shgsdisk edge
posi ti on deteécingly camsirivef eftesinglerpetaptondidispeted iveioue sida pf the tislgastsBowme

contact ele n&plt"IG‘kl@f" The QQ93br 2K B8Red ErusdiBABethOsCEaihtihPend 8keclid® dips I educed

to a smaller disk clanp force FC2. [0094] Then the actuator perforns
transl ati on ¥fdetBedPLeRY by a distance e in a servo closed | oop manner using
the sane linear position encoder attached to the contact el enment. The

cl osed | oop peygnet er sTH dsksie heaitedlositie fpiddidindictcenSiclies infeatulre thosameve t he

contact elenment wthout overshoot. [0095] T the.clanp force.on the disk
118 is increﬁ@@ﬁw%ggga%%mf%é%ﬁ8ﬁ$%% S@P%%ag$§ﬁ%ﬁf%@%gmﬁ UQHFﬁﬁgg] Then t he
actuator repeats the disk edge detection step to ensure the disk is

transl at ed bipo22]pr escr itedydhstcante perfams the doliségetriositiel ddtectioig@sipptiet i on

measur ed by ﬁ?%géﬁﬁ%ﬁg&m@%?ﬁﬁﬂ&iéqﬁ”%ﬂgagﬂ%ﬁ?f*ﬂ@t the di sk was translated

by the val ue an e under pushed”), the translation step is
repeated. In the case the disk edge position measured by the actuator 400
i ndi cat es t h@P93lhe di sKkhsrehe ¢ammirogion dhesiskiId isyafuged Rrdaligdiskglapp e
"over pushed" drcctd@e. control l er rotates the spindle by 180 degrees, locks it
in that position, and the process is repeated. [0097] Then the contact

el enent 404 is noved away fromthe disk edgg. &QOQ§éﬁ§§H§ final stgp, t he
disk 118 is @PPen to &pindhe 5tugton BeHwRP ransiLen ikt & NSGE S HeR™ 16 i s

| oaded on di ksed IRp ndddertubifg AdBArhd Mneddf poditisK ere0didr @ftdchEH th SheGonbitrer@dny
readi ng data _information fromthe dugk.hln.thg'ca e the ta ingqgnagion

i ndi cates t hite 445ed (o0 BRpMFIET £ir seleeiadsh AL I5AEYRPF BLEOYHPLSRBr ¥ he whol e
process is repeatedrdhber atively.

[0095] Then the clamp force on the disk 118 is increased back to the nominal disk
clamp force FC1.

[0096] Then the actuator repeats the disk edge detection step to ensure the disk is
translated by a prescribed distance. In the case the disk edge position measured by the
contact element 404 indicates that the disk was translated by the value less than € (i.e.
“underpushed”), the translation step is repeated. In the case the disk edge position measured
by the actuator 400 indicates that the disk was translated by the value more than & (i.e.
“overpushed”), the controller rotates the spindle by 180 degrees, locks it in that position,

and the process is repeated.
[0097] Then the contact element 404 is moved away from the disk edge.

[0098] As a final step, the disk 118 is driven to spin to a nominal rotational speed,
the head 116 is loaded on disk 118, and the quality of disk centering is confirmed by reading
data information from the disk. In the case the data information indicates that the

eccentricity exceeds the prescribed threshold, the whole process is repeated iteratively.

[0099] The algorithm described above is illustrated on FIG. 12.
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[ 0099] The al gorithm described above is illustrated on FIG 12.[00100] An
alternative enbodi mrent of the actuators 400B and 410B is shown in FIG 13.
An act uatwo 20mmesEBs of a precision | ead-screw act uat or psuhrsaeomedory 702,
voi ce coil sub-assenbly 706, and a contact el enent sub-assenbly 708.

[ 00101] The contact el enent sub-assenbly 708 consists of the contact

el emrent 730 nounted on a carriage 732, a linear position encoder 736
attached to f0e&003ont actAneltenmive embodiméae af thp 8Sudioro BB GAALOB [s8RSIRT in 738
attached to tatignary base 102, .an voi ce coil . 740. The carriage 732
noves on a r};fl(}‘e_ 1§3§£ ﬁ%u%%recoﬂsllsﬁse%ftlaipééﬁ 1551“3%"‘3‘58 e & ?I%tﬂrsﬁugfalsstgﬁlb]é{}i% & VOuE

i ndi cat ed bycaillabdsssmbly 786.rapdve Z&dact dlbreent ah-asFe@ably Féat t ached to t he
stationary plate 712 nounted on a base 102. [00102] The voice coil

sub- assembl y[og@fijconsi ?Eécogfact_tetﬂz‘?ne\‘lpélugglss%&i)iy m%wsisg%@%e%&%a&%ﬁ&ﬁ%o to the
bracket 724 nmounted on a carriage 726, and a shoul der screw 742 attached to

the bracket Moutedigie @H{AEF A¢fe? HDGT PRIVILE cpgoder 734 pitackedyg thepoptael el¢meric | on

al ong the tradsl@kition cfoi& reaasr 138 ditkat @ thystdibardasbech, and PWikReil 7Adhe rai l
7 18 is att }?ed to e stati on%r% EJPIOgt g 712 ungeed on .a base .15),2. [ 00103]
The preci si oh' BHHES éreMPEe PHATYY ¢ TP SEwhY §omE0De Eaelidt &ispts indigyede si on
| ead- screw alsytthatiashed/atdbw 75g1 THeytailv P4t echclnd taths satioranagiyte pl Adeuntfcidnat t ached
to the base 102,..and a bracket 714 nmounted on a carriage 716. The carri age

716 moves on’ % %1 718 in the direction along the translation axis, as

i ndi cated by the dashed arrow 750. The precision |ead-screw actuator
sub- assenbl yl0902] al so Thetoirtesil subeasfabie?d6icasistany tisproiaegoi¥ 20tor bbdydB2 appl i es

the expansi of,fiQh¢Smt Brabf 75@?911n9§d0%a%%9ﬂ%9%6 AL SRR scr8H §b Ma@ﬁegfghe head

of said screwrests 2e;ﬁal nst bracket 714. [00104] The actuator can
sel ect ed t o pebPRefichT ¢hdhofariage 7Fumeress ona rail 4 dkthe digestippalprg Batrenstebiet i on and

di sk transl alxiOf indiPRIPS] thd 8ush&l Lol Asherdirsik718408:aPRAIS 110 BraflHaB/GHdtON
function, the controqller praovides a cormand to the precision | ead-screw

actuat or 7107238\ c8RPaeHPEe carriages 716, 726, and 732 away fromthe
di sk edge, then the controller applies the command to the voice coil to
nove cont actjoeiospent 7BR: gaycision’ leddadctewedcina®haibtasgtindiyelie @onsists df@ pehcis@at i on

towards the disk ed ) .t.hat the.voice.coil  surface.7 i sengages from
the hard ot dorors™ S LS e PR PR BRI el 2R lE R ST RBE R
for the coilandpO®ELRS]7 17 henntehen c@niagel ] te The emdege 7 hemovanvandait O 8tilnte

precision | ecﬂr%ét?o%ra%lxgqget t%glgﬁon axis, as indicated by the dashed arrow 750. The precision
lead-screw actuator sub-assembly 702 also includes the force limiting spring 720, which
applies the expansion force to the head of a shoulder screw 742, such that the head of said

screw rests against bracket 714.

[00104] The actuator can be selected to perform one of two functions — disk edge

position detection and disk translation.

[00105] To select the disk edge position detection function, the controller provides a
command to the precision lead-screw actuator 710 to move all three carriages 716, 726, and
732 away from the disk edge, then the controller applies the command to the voice coil to
move contact element 730 by a relatively short distance in the direction towards the disk
edge, such that the voice coil surface 760 disengages from the hard stop 762. The linear

position encoder 738 is used as a feedback for the coil.

[00106] Then the controller sends the command to the precision lead-screw actuator
710 to move the carriage 716 towards the disk edge until the contact element 730 engages
with the disk edge and the position read by the linear position encoder reader 738 stops

changing.
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710 to nove the carriage 716 towards the disk edge until the contact

el ement 730 engages with the di sk edge and the position read by the |inear
posi ti on wocotar/se7eader 738 st ops changi ng. [00107] To selEais2aMmesies k
transl ation function, the controller provides the reverse current to the
voi ce coil 740, such that the voice coil stop surface 760 conmes into
contact with a hard stop 762, which brings the voice coil sub-assenbly to a
rigidly "lockew7]stat eTasclghtwisk marfslaGon ﬁldctloﬁlDlﬁ&&&}rodei@mvﬁd’eetIEWfsal | er
sends the co i §l { 710 t e t he
carriage 716%9\/\%?&2 ‘{Ol}gcﬁggﬁ) Hﬁla t%?g?l§t(ﬁ)ﬁ Stog I!fla% % Cé)rrpgﬁfn?oigpﬁy ransl at es
t he di sk edgwitlhyharfstopi’63, azﬂlissébengSIthe s cddbub- Etssmblky Toelmgaﬁil flgckad sdatbbsy

i ncl udes onl y,,00¢, fet yat or 400B di spl aced from one side of the disk, the

di stance e is neasured by the |inear p05| tion encoder reader 738 reI ative
to the disk edge p05|t|on measured by the sane reader at the edge detection
step. |f the[(’aﬂlgb t r ac kh@dhf @rirellsr %Q%%FWW@I“BIH@@@PW“%E@%F%la%‘u'ﬂ?rspI aced

fromthe opposit fosd theSarBihgete tohasds the digk «ded @€ ih8 gorasd: biathert 740 @BisRrgages
t he contact elenment 730 with the di sk edge, and then the distance e is

measur ed by Phdisk pigedy hsdistanroh Iféh‘“c%%?aC%é%IH%fPlg?ESSmP%‘E%‘FqC%E% A% he

det ecti ng actuatPhodhkl@8 ¥l kembhesilid é}ﬂl% alx, ng dﬁ%ﬁaé@&@heﬁs@% byaNfkat es the
di sk. [00109] An alternative enbodi nent of the actuator is shown in

FIG 15. | n Rosien prcgderacadgcBg atlgive sobedisk edgr pawitiqnrnesetred le th? FREtedeRdRy a

contact el engpfe eﬁé@d&&ﬁ&ﬂ@éﬁ/lﬁ%atﬁra@l@%‘t&ﬁ ﬁsgana%@mawm%%ma@@d a
preci sion | ead-screw actuator sub-assenb hpThe cont act el enent

sub- assenbl yhisdesed e ihfeppesite ﬁﬁ?%fheéill%n@ﬁfiet%%‘&g a%‘luaé‘i’{& Rereagstiy 805

attached to Joh@ctcewea@ho%ﬁﬂﬁmlsk aiglalaﬂ@afen BRYstdn &k B ReARed ¥ IR lirRd a
carriage 815. The carri IS mount on a rail 820 attached to the

stationary plosiian %Qd%i’r’%?reﬁg drtaleonghe éetT@‘Zg acfyptor ¢hME yhile 1Be BpRskiing

sub- assenbl yacagloegd0BVeinylatetimdarskcontrol of controller) noves on the rail
820 towards the disk and back, as indi cat ed by the dashed arrow 816.

[ 001.11] The b@@@bhl on ‘R‘?ré g%é% gnfin %ac ug%or%(s 18 slqo%}srﬂg%iG 19 En

stationary 02 is I tTon sensor inclu ng a
| i near posi tfignre, emmde]OO@is();hamﬂmaie&ilathMag g/cdntaaeatmmslbtasmnbbrﬁbdzer reader

830 d h i
mount ed on I%r s%b Q?s%glbl]‘%r%l a%ggé;e%%]ﬁ;[ REEG LS, ! eslugg%gﬁgl&%m act uat or 860

i s mounted ofl % statio noves sub- assenbl y

801 towards the disk 118 and back as i nd| cat ed bP/
[00110] The contact element sub-assembly 803 includes a contact element 804, a

shoulder screw 805 attached to the contact element, a linear position encoder 810, and a
carriage 815. The carriage 815 is mounted on a rail 820 attached to the stationary plate 812
mounted on the base 102. The contact element sub-assembly selectively (under control of
controller) moves on the rail 820 towards the disk and back, as indicated by the dashed

arrow 816.

[00111] The position of the contact element 804 with respect to the stationary base
102 is measured by a linear position sensor including a linear position encoder 810 and a

stationary linear position encoder reader 830 mounted on the base 102.

[00112] The precision lead-screw actuator 860 is mounted on the stationary base
102 and moves the coupler sub-assembly 801 towards the disk 118 and back as indicated by

the dashed arrow 851. The precision lead-screw actuator 860 is connected to the controller.

[00113] The coupler sub-assembly 801 includes a pneumatic actuator 835 mounted

on an intermediate plate 840, a bracket 845, a carriage 850, and a compression spring 863.
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t he dashed arrow 851 . The precision | ead-screw actuator 860 is connected
to the controller. [00113] The coupl er sub-assenbly 801 includes a
pneumat i cwaabwatrsr73835 nount ed on an i nternedi ate pl at eP8BFAIS2@968eket 845,
a carriage 850, and a conpression spring 865. The internediate plate 840

| ocated on the carriage 850 noves on the rail 855, nmounted on the
stationary base 102. [00114] The spring 865 applies a light expansion force
bet ween t he Eenntawtedetensnf4Bodktavd tharerreadiano846n the mit ¥4, meuntddenact uat or
internediatthggkgmgAggzﬁgch that the shoul der screw head 805 rests agai nst
the bracket 845. Thé spring expansion force is greater than friction in the
rail carriage 815. [00115] The pneumatic actuator shaft 870 is retracted in
the di sk edg80Hd ect i ohhsvptieg SoPiaapliss pfighiesrangipn fqiee bspyacnregemagt slewets i ci ent

for the pr eczioaiaﬁmtﬂe%mka@nﬁwoméd@ttm acSlaRAsH@RBdiMe 8RR 440, ABVBattte cont act

el ement sub-ass 03, towards the ut compr essi t.he sprin
Soe Once rBoagH ety TerEr et aang Tt e RS o ket SRR ¢ o

edge of the tHisticildSin thcheil &pridgag1 865 starts conpressing, such that it lets
t he contact el enent sub- assenbly 803 stop while the actuator 860 keeps

rmv! ng t he ggéf[.i%iioby i eepélgl(l:n(lj &Pé agtgzﬁor E%%giog lr(etrgggfm tI?e (gﬁcteﬁgé %}‘E'ec%?” the

position re e controller
sends the cowwhﬁﬂﬁﬁaﬂhh@0&@@&&@@@686@uﬁbwgﬂ@ﬁheP@@&@@Fw$53®mﬁ¢%ﬁﬂ§@9the

di sk transl Zaﬁ eP‘Q) }r@ﬁqo n}obgthg @(ﬁfﬂm&lhlﬁe@gﬁﬂ"zﬁgéﬁ{bl}sé'@ftgwﬁ'zgthb disewipaded (shown

by the dash nes 870A In 15), re55|n% he shoul der screw head
agai nst t he J9mRERYERS @45@“&%5 é?nrce thejcentact glpmeni§84 sBers e mGegegictlsortedgl e t he

pneumati c achHah@EdgsRatie dRet e s'bhﬁ‘% E5tsand esnResink | Qth BAQAB AR cbiteet
retracted position 870. The air suﬁﬁﬁﬁdgreSSﬁre su Iled to the pneumatic

actuat or is <§ienf beastenyohy S08 §iop S femoH tes ggﬁFﬁﬁ@@ﬁfﬁmthe di sk,

bult smal | engugibiyt S2pTRVEK edgé fildetdc&éﬁi@l&bn theDibkitidh relpﬂr“ccsi(m?ehc&mbmﬂrfmdﬁrs a
sol enoid or y ot at or used in tic actuator
835. [00118]8%Bﬁt°§% n@ﬁ%ﬁfﬁ%ﬁ‘t‘) erS’E & thsegmmap ‘ﬁ%’%ﬁ‘?aﬁg“é‘i‘@r% tos °6r 860 can be
a pl ezoel ectric notor, a st epper notor, a | i near notor, or an ot her notor.
[00119] In s[001ﬁ6bnbod| Testigh td tﬂnedsbumslangg nedanthemneumetic arieatertshasl Fhent

b nbl f
subassenbl ¥ andaaciiy %05 tﬁé’%@%ﬁ%ﬁ@g)é%A%‘ﬁquff%Iré?su%gh@é}%ullaé’r SBRANS,Of a

single pneuna shown he shaft 1005 of the
pneumat i ¢ actgeiastéhe brscklei 83115d1 he aisguipis 88 WidtBR0 egasedgn togele tha ROFEPRticSEBAs senbl v

404. The ai ry bt gSeHaht ScdBP)dsREn BT OMENNE BRacted position 870. The air supply
pressure supplied to the pneumatic actuator is sufficient for the contact element 804 to

translate the disk, but small enough to prevent disk damage.

[00117] In some embodiments, a solenoid or any other actuator can be used instead

of a pneumatic actuator 835.

[00118] In some embodiments, the precision linear actuator 860 can be a

piezoelectric motor, a stepper motor, a linear motor, or any other motor.

[00119] In some embodiments, the coupling between the contact element sub-
assembly and actuator sub-assembly can be done solely by means of a single pneumatic
actuator 1000 as shown on FIG. 16. The shaft 1005 of the pneumatic actuator is rigidly
coupled with the contact element sub-assembly 404. The air pressure is supplied through the
inlet 1015. The air supply system switches between two levels of pressure — low pressure
level of approximately 10 PSI for the disk edge detection step, and the high pressure level of
approximately 100 PSI for the disk translation step.
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inlet 1015. The air supply systemsw tches between two | evels of pressure -
| ow pressure | evel of approximately 10 PSI for the disk edge detection
step, andwoheloni7giT3pr essure | evel of approximately 100 P&i/Usesotbss2di sk
transl ation step.[00120] In sone enbodi nents, a second |inear position
encoder 1200 can be attached to the actuator sub-assenbly 1205 as shown on
FIG 17, such that the nonent of tinme t0O when the contact el enent 1210
cones into clontz9tt mﬁthSDMeembskmedgeS¢@mﬂ@menm$Mememm¢mIEMBmdbéta bet ween

two |inear pa‘?t%!:ﬁeh?n?th@ Q&Qa‘?c?rrﬁb §sfsé}£ﬂilg (13 (R&gl o&tﬁiﬁ(ﬁgk&ﬁ tﬁ?&@%ﬁwﬁt@ contact

el enent sub-assenb osition enco ctuator sub-assenbly
posi tion end@ﬁ%@“@90ﬁwco¢%%¢bm@h1%H“Pﬁ@3@ﬁe@n@@geﬂﬁhe@H@ﬂ@e§dkhgmpﬁiof t he

| i near posi ty R {&NERE8EwE&AGL ttgeatg&ﬁtlo@@gtdaée@taﬁt cHaRBnhBNER e BdtwidniBe t 0.
[00121] In sone enbodi nents,  disk centerlggw di scussed above nmay be

per for med i rFoRtagh skqmeat fabassgmblygsionnerdes 720 aad e peipgronsyb BssemBlY PRERR i n
FIG 18. Foreneefcefrpme) Pdbitidn SPhIYi &SGR khe readalolpgd @5tha lilas osktidd @ncoder

di sk-support_s not . shown ndIe 1312, a magnetic head assenbly
1320, and a S§t ﬁ%SS%hW?%ﬂqg ‘%ﬁ%? é In this exanple, actuators 1305
and 1310 center the disk in respect to the spin axis of the spindle 1312

wi thin a di sk ve bollsorh8dbbodimens sk e:mmidg aedhiscessediatwive dry bepdidyedl 315

rboa ront o 14 PR 3Ar fovid sdidlin e Bbly NEE of Gofin KL A BoDp AL 40 SO
1315. In somenenﬁm@bweﬁpemaémmdﬁ%}9dehemueﬂswﬁyebetewwmbyémnwﬁléﬁhﬁunct|on

with a di sk grhue heﬁl‘@s@ﬁhtﬁ?lﬁco eta%ttpﬁldre%ﬁfo\nme(ae%e&nl mehitdRaApidet achabl e
encoder attached to a 2ﬂ$ ate or hub, and narks etched or
€ rln

pai nted ont d‘céla@FSsll%‘OéP@Tb’tlhge“mr&t FsiesCt tp thespiexis ph BRisHBENE 431231t ar y
encoger mlay aoaﬁtcatvﬁgb the. EaoRe eaame@e dgeaﬁvvdﬂwsﬂlalb%wgtt@e&oralml ndl e
encoder n sQne. enbo nts, rotational positi e dete

optically, fgf! é%ﬂﬁ@%ﬁxeﬁhﬁ PovHge a&ﬁ toHte qnﬁﬁﬁl@ \éﬁowuﬁt(jrs l%hggrf{i cl anpi ng
pl ate or humsamdmﬁeteﬁﬂuﬂmﬂgkanﬂﬂ&myu@nsbﬂﬁeﬂemhmﬁméﬁamummw$UQMmae%a Screw,

hol e or l%gl %Wg)yf;(ﬁlen copjp %ﬁ'fl émﬂg%;sk'ﬁe SExamPfef %tt {(Yg?y Qn%é&@ﬁn%[u caL

di stri but ed SAcal e gé?e can be use
exanpl e, |n<hhem¢hsmc@krMhﬂeﬂtamdmbﬂ@mmngh@wamhwaami@whﬁ@dwd@aw@@ﬂht

positions wi t @%{l%glhgﬁ?l% TFiMb, q_lfl SO]D?C n%%gl[ﬁi%ﬁﬁ’aﬂo&r}t éh%otfe?*ﬁﬁy %eri’t@hﬁr

actuators the ac e |l ocated at p05|t|ons w t’"h angul ar 1 ncrenent of
90 degrees; tbt eme[r00aa3F dacrbrdugrvetie Podiegerdy éﬁﬁa@ﬁ et sve been

descri bed i %t%%?ﬁl ARt lmay ®E dRMRASRSa10f foFe)éﬁipIGYbyQBalyﬂﬁlgez{ &bandhag, the
invention is not litmted fo the details provided.
showing a disk clarnpmg plate or hub and determining a position based on a feature such as

a screw, hole or mark.

[00122] In some embodiments, more than two actuators distributed along the
circumferential edge of the disk can be used. For example, in the case of three actuators the
actuators are located at positions with angular increment of 120 degrees; in the case of four

actuators the actuators are located at positions with angular increment of 90 degrees; etc.

[00123] Although the foregoing embodiments have been described in some detail
for purposes of clarity of understanding, the invention is not limited to the details provided.
There are many alternative ways of implementing the invention. The disclosed

embodiments are illustrative and not restrictive.
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There are many alternative ways of inplenenting the invention. The

di scl osed enbodi nents are illustrative and not restrictive. WHAT | S CLAI MED
IS: 1. Awethmd7sas al i gning a data axis of one or norePCTUSA0R068029

dat a- bearing tracks on an annul ar surface region of a magnetic

medi a- bearing disk, wth a spin axis of a spindle of a disk spin assenbly,
wherein said data axis is perpendicular to said surface region of said disk
and said traeBARIRCIAIMEBDIS:c With respect to said data axis, wherein said
di sk has a circunferential edge (CE), conprising the successive steps of:
A. supporting said disk on a disk-support surface of said spindle, B.

spi nni ng said di sk n?e'ﬁRB% ahgﬁlﬁé Qﬁzﬁa i &%(‘5,9 01319&@‘3 r&é&r%&%@ﬁ{ngwa&ﬂ ondhd

support ed di sk about sai ectin tracks and
in response to de@r@@kaéwr@mraglpmeﬁﬁmgy@quedaa b%nn&shislﬁmﬁh@éemwpéﬂy

rotational angle %lrQlfle &fa'd@dﬁtsﬁh'a%@mglfy wikr&n leégat%)&sr S pRpAic0ar iQaid farthest
point (FP) on said annular surface region sai d di sk representative of

the relative posi¥¥Bf rﬁglo’éoﬁf@’rdtql%ﬁnﬁfal‘étr?ﬁi %fef"i”&&’PE“W’ﬂﬂ&FFSP%t PSP AY_t from

sai d spin axis commkdekein@aialdisk @hdredircp@lckdnOfleded (CERI Am@adiag the agkessiand b. a
di stance e betwee alfd spin axis and said data axis at said angle a, D
rotating said spi hHdl’&to an al i gnment position whereby said point FP is
aligned with a translation axis extendi ng perpendicular to and intersecting
Wi th said spin axAs sugndingstidesk osailidk-sypiport axfase afrdidapiilest portion of said

CE along a translgtig famﬁggeﬁa a0 8hobort S8 b BT B b p:f’i‘ﬂ?d ying a

translation force al alrd t ation axis sal In axis, to
said first portion dfskgth@Esplw eby said disk is translated al ong said

translation axis &0 jLRAHGRIQN B%ﬁ&tr@ks%lgréi@&@e%e&cﬁéﬁﬁeﬁafd@& @f: to said
spin axis. 2. The nethod according to claim 1l conprising the further steps

of: following step D, #tockiargnuapesptifydp@tional anglegr of drignfaéamof pad sk on, and
followi ng step E, corresponding to a farthest point (FP) on said annular surface region of

said disk representative of the relative position of a portion of a data
track which is farthest from said spin axis compared to all other
portions of said data track, and
b. a distance € between said spin axis and said data axis at said angle o,
D. rotating said spindle to an alignment position whereby said point FP is aligned
with a translation axis extending perpendicular to and intersecting with said spin
axis, and between said spin axis and a first portion of said CE along a
translation axis, and
E. at said alignment position, applying a translation force along said translation
axis and toward said spin axis, to said first portion of said CE, whereby said
disk is translated along said translation axis to reduce offset of said data axis

with respect to said spin axis.

2. The method according to claim 1 comprising the further steps of:
following step D,

locking said spindle at said alignment position, and
following step E,

unlocking said spindle,
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unl ocki ng sai d spindle, The nethod according to claim1, conprising the
further step of: followng step D, and prior to step E, D. at said

al i gnnentwpasind7e073 detecting the position of a second pomtuseensnbtsesai d CE
along said translation axis, and wherein said applying step E effects an
application of said translation force to said first portion of said CE
pursuant to a determ nation of the position of said first portion based on
sai d detected position of said second portion of said CE. 3. The net hod

according to i ! i Sl f: following step E, F
3 TS AR ORI S, Lo St 0 o

repeating step and a. In "position of CE
indicates that the disk translation of step E is substantially equal to e,

det erm ni ng t hat kn@p@%@&%@pmm§mgpﬁg{ tee, and b. in the event the detected
position of CE indicates that the disk displacenent is not substantially

equal to e, repeating steps Eand D . 4 . The nethod according to claim 3,
wherein: a . duribDy ast®PalignmeRPpiNod)etectiah PoiGorf AGeohhortion ésaidersai d
di sk to said disksupport syrface, and b. during step E, applying a clanping
force FC2 to claﬁ%mﬁgﬁﬁtﬁPéﬁu?ﬁxﬁé?g di sksupport surface, wherein FC2 is
different fromFCO . 5. The nethod according to claim3, wherein said first

portion of said i [ sal | at is on a.first side
of sai d di sk and i n uEBaRA R AaR i A SR BB B LY §
transl ati on axis ontrerigwedsadd SEgarseint g ditedhigktiongdithg positome ssiddiest bei ng

opposite said fi rﬁérticgqi 138ed fsailACieIBS QMR ELAICLORAI HOiCh Bf BlaXy Wher el n sai d

first portion of said CE Is the sane as the second portion of said CE 7.

The net hod according to claim1, wherein said first portion of said CE
includes plurality of areas along the circunference of the disk. 8. The
met hod accordi ng T RetaqGAcrdih ko daim Sseamprising S5 dUpsT #FR5Tof said CE
includes plurality of areas along the circunference of the disk.

following step E,

F. repeating step D1, and
a. in the event the detected position of CE indicates that the disk
translation of step E is substantially equal to ¢, determining that
translation is complete, and
b. in the event the detected position of CE indicates that the disk

displacement is not substantially equal to €, repeating steps E and D1.
4, The method according to claim 3, wherein:

a. during step D1, applying a clamping force FC1 to clamp said disk to said disk-
support surface, and
b. during step E, applying a clamping force FC2 to clamp said disk to said disk-

support surface,
wherein FC2 is different from FC1.

5. The method according to claim 3, wherein said first portion of said CE is disposed
along said translation axis on a first side of said disk, and said second portion of
said CE is disposed along said translation axis on a second side of said disk, said

second side being opposite said first side.

6. The method according to claim 3, wherein said first portion of said CE is the same

as the second portion of said CE.
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9. The nethod according to claim1, conprising the further steps of:
followng step E, F. rotating said spindle, and during said rotation,
repeat i ngwetep/Zso7and a. in the event bis bel ow a predetrerrisa@d/otseeshol d,
determ ning that alignment of said data axis and said spin axis is
conplete, and b. in the event e is above said predeterm ned threshol d,
repeating steps D E. 10. The nmethod according to claim1 wherein

transl ation f.or ceThémappd dcestdiag t@clﬁchaﬁ&%ﬁ@ala&*udoy&rﬁ@sofslili.CETih@umt hod
according to claim1l Wh?J‘GI n_sai ata.is data. 12. A systemfor

se
aligning a data aXi@ligrolafes deng ?%rCEWFGE??F%?{tB%‘?‘ “bearing tracks on an

annul ar surface region of a nagnetic nedi a-bearing disk, wth a spin axis
of a spi ndl e8.of aTlt m&hsjrcrording endidim,3, wheeisisad saoat ghatien exaig§ CESncludes

per pendi cul ar to @g}aﬂe,soqrajegscaqm{%ei% MuRbrsal & fl gl and said tracks are

concentric withr sail axi s, conprising: A a disk spin
assenbl y i ncl udi n% L a base, (il ) a spindle adapted for rotational

moti on with $-espebhe mehediceoriiag o Apms campsising thedpsher geps davi ng a

di sk-support surface for supporting a magnetic nedi a- bearing di sk, whereby
said data axis isfopawakls®@pEt0 said spin axis, and whereby said tracks of a
supported disk are rotata | e about said spin axis, (iii) a magnetic head

and associ ated head | oadi ada ted to selectlv position said
head over said tr 6%@“?%5"1&%3’6‘%% qg;gé% ﬁaﬂo%eafaém%étﬁ? ﬁn%‘ddi sk, and (iv)
a spindle controller for selectively rotatlng sai d spindl e about said spin
axis,B. a data track centiertlilerﬁgelass;ebﬁiﬁwyapm(tdmdliimgtlaembldscteteaommttm havi ng a

cont act ¢l ement and, adoptaghulaf oASSELIN G LIARR] ALNG Skl ot act

el ement through at |east a portion o ocus region 1n a first
direction along a trangl aethgaveaks !§ab@‘@lS@!dﬁ)feéﬁgma@qddhfeﬁlﬁldsrep?ﬁlég gersti ng with
and E.

10. The method according to claim 1 wherein translation force is applied as a

succession of pulses.

11. The method according to claim 1 wherein said data is servo data.

12. A system for aligning a data axis of two or more circular data-bearing tracks on an
annular surface region of a magnetic media-bearing disk, with a spin axis of a
spindle of a disk spin assembly, wherein said data axis is perpendicular to said
surface region of said disk and said tracks are concentric with respect to said data

axis, comprising:

A. adisk spin assembly including:

(i) abase,

(i) a spindle adapted for rotational motion with respect to said base about a
spin axis, and having a disk-support surface for supporting a magnetic
media-bearing disk, whereby said data axis is parallel to said spin axis,
and whereby said tracks of a supported disk are rotatable about said
spin axis,

(iii) a magnetic head and associated head loading assembly adapted to
selectively position said head over said tracks of a supported magnetic
media-bearing disk, and

(iv) a spindle controller for selectively rotating said spindle about said spin
axis,
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bei ng perpendicular to said spin axis, C. a systemcontroller operative to
successively: (i) rotate said spindle about said spin axis, (ii) with said
magnet i ¢ Woeadio/dei7ect data on said tracks of said di sk eoTameads®esuppor t
surface and identify (a) a rotational angle a of orientation of said disk
when said head overlies a portion of a data track which is farthest from
said spin axis conpared to all other portions of said data track, and (b) a
di stance e bet mBeendsairgstksphterimpessemdlydngadity data axis at said angle a, (iii)
rotate said spindle until said farthest portion of said track is aligned
with said translati Qrﬁr?t)éhﬁatoxafﬁ%né'a%%nt@&%l'efﬁ@ﬂt%n@?dogtea 'er%&lecQﬁEly%l%ﬁanhg engage
said contact el enemsaﬁ"c&&a&@i'exqerg't f‘u h%ﬁ s% SQdSc#sk'l&cuE Fe%{lﬁ 11?5 ﬁxq al ong

said translation axis to r ?1 sec to
sai d Spl n axis. d.]II ction af% %a%al} alj)n ax1s iﬁgmﬁnslagon axis m{grsectmgézv E]CO&;'[ roll er

is operative to repé’ﬁi"g??‘éﬁ? aﬁo)sa‘é(sPW)ax‘is’t eratively unt|I di stance e

between said spin axis and said data axis is bel ow predeterm ned threshold.
14. The syst emCofa gpigmraontsolighencetive oguereesdisbi ol | er is operative pursuant

step C(iv) to activate said first actuator to apply a succession of force
pul ses, wherei n eacli)pwtaesatd pidfeabsut kiithatin axiener gy of contact el enment to
sai d di sk, whereby $i@) @ithlifSkmbhgeti¢ 828, daicediarlonRgd Hatid of saadibiadn aid daki S t o

reduce of fset of said datg,axisskbil HERRRG ;o@atmlqngﬁpwf%n%dtm&éf The
system of claim 13 Where'st%%k%Eﬁ&2&@&{&%‘?’12&;8 1o§‘8%ae&a§§t¥£ h%R?J at' ve in

two nodes: A a disk edg

insufficient to overcome%?r&l ?:tf i @PW@éﬁcgm%qr% toé‘ﬁ@ A" %‘ gsalde ort
surface, B. a disk trans|@%8 HEISERGEH PSP LIPHA SR éa”f%% tcient to
overcone friction betweenadagglek, and sai d di sk-support surface. 16. The
system of claim 16 wherein said disk spin assenbly further includes a clanp
assenbly for sel ect i(¥gloyatcdatlgpindlg vatilsaid F@thest poRidh af debtrdchds alipsdd vith sai d

di sk-support surface W t Raja wahsBitibn 0¢6,66a sai d clanp force

(iv) activate said first actuator to engage said contact element with said disk,
whereby said disk is translated along said translation axis to reduce
offset of said data axis with respect to said spin axis.

13. The system of claim 13 wherein said system controller is operative to repeat steps
C(ii)-C(iv) iteratively until distance ¢ between said spin axis and said data axis is

below predetermined threshold.

14. The system of claim 13 wherein said controller is operative pursuant step C(iv) to
activate said first actuator to apply a succession of force pulses, wherein each pulse
transfers kinetic energy of contact element to said disk, whereby said disk is
translated along said translation axis to reduce offset of said data axis with respect

to said spin axis.

15. The system of claim 13 wherein said first actuator is selectively operative in two

modes:

A. a disk edge position detection mode providing force F1 insufficient to overcome

friction between a disk and said disk-support surface,

B. adisk translation mode with a providing force F2 sufficient to overcome

friction between a disk and said disk-support surface.
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bei ng selected fromforce value FC and force val ue FC2, wherein said
systemcontroller is further operative pursuant to step 16(A) to control
said cl ampoasparthi?y to clanp said disk to said surface wcrhiss@omesory st
force value FA, and wherein said systemcontroller is further operative
pursuant to step 16(B) to control said clanp assenbly to clanp said disk to
said surface with said second force value FC2. 17. The system of claim 17
wherein FC l6s di THesygeh of dlaim BGhereiiBsaididiek spipssembbffucheaintiulids wher ei n FC2

is equal to FCl. 19. The %)éﬁﬁa%@@e%l %draé ght}\%lym %&g“a rﬁ?éngt d«.dﬁ"}écﬁ‘a Béaﬁﬁ

centering assenbly incl u@ p n C L £.6 I ition
sensor for detecting the 1s0£0§1 Cbls 1 PR S(ljlr aﬁ@d Oce Cams?l alil on axis,
wherei n sai d syst em cont PBPE &ecfed fig ?7186% ]rgtl‘ilafn Yagu C(iv) to
activate said first actuator at |east partlally in response to a detected
position of said di sthewinoayg ssuineicantrabieiivfurta onstptiveRyrsest EYSAPASEAEY sai d
posi tion sensor. 20confeésad/demamasedmidy i alanROsaidheskdd sridairdeaividksaabiet sensor

i s di sposed adj acenfortovabiRL1f atidst si de of said disk |ocus region, 2 1. The
system of claim 20 wherein said di sk edge sensor is disposed adjacent to a

second side of saidygkgk hRAGKSek ecgllt@nerlﬁﬁhﬂer%g&gmgiafs%tmtd@gémm@m te said
first side, 22. The sysfem QinFldiiBi %m%idrm% datfcd wackiceari ng

assenbl y i ncl udes agsecond actuator aV| ng a contact el enent and adapted

for selectively transtatir ng said contact el ement of said second actuator to

engage with the edge of said disk and to translate said disk in a second
direction alldng sHicdviteranbeleimi lgrvhasainst Chisddferanafign d6Pon axis intersecting
wi th and bei ng perpendicular to said spin axis, wherein said first actuator
and sai d secdnd a@tetﬁ*ﬁt‘?ﬂ”%?l@mdl7§’ﬁ6§e€dl: 1s 6HIHGIRGE " si des of sai d di sk | ocus
regi on, and sal d first direction and I d second di rec [uﬁgoppom tely

directed. 239 Thelheyastahrbfaip é.%he%l éaitff‘cgfﬁn&ng%is Vler is

operative prior tiosagfryadidig, &di d first actuator pursuant to step C(iv)
for positioning said contact el ement of said second actuator to engage with

the edge of said igi asé%sitm @Jn@(grrfo%iegting the position of said disk along said translation
axis,

wherein said system controller is operative pursuant to step C(iv) to activate said
first actuator at least partially in response to a detected position of said disk along
said translation axis as determined by said position sensor.

20. The system of claim 20 wherein said disk edge sensor is disposed adjacent to said

first side of said disk locus region,

21. The system of claim 20 wherein said disk edge sensor is disposed adjacent to a

second side of said disk locus region, said second side being opposite said first side,

22. The system of claim 13 wherein said data track centering assembly includes a
second actuator having a contact element and adapted for selectively translating said
contact element of said second actuator to engage with the edge of said disk and to
translate said disk in a second direction along said translation axis, said translation
axis intersecting with and being perpendicular to said spin axis, wherein said first
actuator and said second actuator are disposed on opposite sides of said disk locus

region, and said first direction and said second direction are oppositely directed.

23, The system of claim 23 wherein said system controller is operative prior to
activating said first actuator pursuant to step C(iv) for positioning said contact
element of said second actuator to engage with the edge of said disk, wherein said

contact element of said second actuator measures the position of said edge.
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contact el enment of said second actuator neasures the position of said
edge. 24. The system of claim 23 wherein said first actuator is selectively
oper at i vewbaotat7er8 an edge of said disk in on said diskcsaspavesny f ace,
and said second actuator is selectively operative to apply a force to an
edge of said disk 25. The system of claim 23 wherein said first actuator
and said secgg uator are alte natively operative to detect an edge of
sai d di sk on ald %@mgﬁ%ﬁBF?z%W ?ﬂﬁ%ﬂdQﬁﬂ“?@“%ﬁﬁ?@“é@56W€%u$ﬁoéﬁ“édge of
sai d disk. 26. Then &lgsbesmiddiskchah Baid Jiskhippat Surfcd] atdsald BEHd GaBALETIE NG
assenbl y incl udes at or in said actuator is

i ngl t
al ternatively ope?ez Cﬁi’%g?%e)er%g? AP 8r8§g:038fed%\,\4}(§algf1§§ on sai d di sk-support

surf ace, and o) rce L 27, Th stem
accor di ng t o cI a?rﬁ%pe %Stem O?Clalm E?Wofa?m Sef%fus acglgr? %Ill‘dl Sﬁld sgond aetpa Ef\orl%cl udes a

plurality of act udtemana@}zemtwes) dttest aniadert @fdaldld@hgnsmédck-smmﬁ erfpce of
sai d disk locus rﬁﬂ't@%pl?%or&;h@ax?&&%%ﬂ’%rgdlﬁé aim 16 wherein said actuator
a

i ncl udes an intermedi ate” coupl er asse coupling said actuator with said

contact el emet, YRE,GkR ofahih COURIER 2 858 B ¥nihdT S&LBELiANh&s GeHpLi NY
force; and said systemcontroller is operative to select coupling force Fl

during step 16(A)2HPTaSGRPYnHhareR sadd sepuatny is aifgmati el opsieRye to\ﬂﬁté?tépﬁ %orce Fl

is different fromffsarcrskhd said Aisk-Sipos YistReMaad toGpplly Mfdrde Whakeidvrsaidd spindl e
controller incl udc«ia%boper ation node for locking said spindle in a prescribed
angul ar position The system of claim 13 furt her including a I ocking

assenbly for ockgh res n Qs t| 0 31. The
system of cl (jl m 1 \?\%SétFréllaﬁcogdél%toﬁlam1?§H1§ree%nvao tacg %;e ﬁeseréd) tungudesf claim

13 wherein said diglkrabipiaf agtsgemdsieyblies chstlcbllqucaﬁmgttheaﬁrcanﬁreske ersaldélsk 33. The
system of claim 11§cd’¥?§é18ﬁ n said disk spin assenbly is a conponent of a
spi nst and.

28. The system of claim 16 wherein said actuator includes an intermediate coupler
assembly coupling said actuator with said contact element, wherein said coupler
assembly has selectable coupling force; and said system controller is operative to
select coupling force F1 during step 16(A) and coupling force F2 during step 16(B),

wherein force F1 is different from force F2.

29. The system of claim 13 wherein said spindle controller includes operation mode for

locking said spindle in a prescribed angular position.

30. The system of claim 13 further including a locking assembly for locking said

spindle in a prescribed angular position.

31. The system of claim 13 wherein said data is servo data.

32. The system of claim 13 wherein said disk spin assembly is a component of a disk
drive.

33, The system of claim 13 wherein said disk spin assembly is a component of a
spinstand.
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