; e3e$F64TyTr mmAi nnn TI TLE OF THE | NVENTI ON APPARATUS AND METHOD FOR
CALCULATI NG DI SK SHI FT AMOUNT | N DI SK DRI VE .BACKGROUND OF THE | NVENTI ON 5
The present invention relates to a disk drive that perfornms seek control

for noving a head to a target position on a disk rotated byulﬂluﬁmmmmmﬁmurt or
and track follow ng control for settling the head within a for
the target position. 10 In particular, the present invention religises to an
apparatus and nethod for calculating a di sk shift amount in a disk drive

whi ch apparatus and nmethod are suitable for cal culating the anbunt of disk
shift resulting froman external ct while the disk drive 15 is

i nactive. Hard disk drives are V\r'éﬁfﬁn%%mé@ TRYAYT SO8i sk as a recording

medi um The har j | V, Y, i sitioni trol

System (servo- sySeEn Vs e RIS D R et G Fple TR e LR ARS8
target position @ e disk;e This control system handl es an actuator in

whi ch the head is nounted, as a to-be-controlled object (that is, a plant).

The actuator supports the heagagueRouf®t oFfheyreadviggmyabl e in a radi al
direction of the disk. 25 The control systemcontrols driving of the

actuator 6&n the basi sTf sessnt nforemtion wiitesn fenbeddsd) gi-npythe disk.
The control system perforns seek control iuumndiioniiim E- 2 for a
seek operation d¢hatowhenfdrres hesek tapret @l gidir tiidckn@ngl heagked okl owi ng
control for a track follow ng operation (tracking operation) of settling
the head noved tf@ndaed tergdtian agk avididn wtareptbd a angendbe mdeot ar get
track. A disk runout that may occur as the disk rotates is known as a
factor degradi ng"tthé B&<dc K F101 Wi h F PErFor nfaie S oFt ey hel kiéak dri ve.
The di sk runout %result from for exanple, an assenbly error in the 10
hard di sk drive”fiet & herE&emAN ekt "t (AP PAHEE Spreci fi cati on

refers tg an errqr that. may occur when the disk is screwed onto a hub of a
spi ndl e ?n())tor dl}:’%i ﬁﬁ%%@@e@s% B e tUF Y A FREYESH skC Rfve. Wth

the track foll ow ntral.,the di 15 runout appears,as the runout of a
track. Accordi n\g:p;g),%rt %élsh%a%j Erpfgth%dzkfﬁﬁ 0 L{Lﬁoatf]tp{f)q g $HEk Y. The
conponent of th i rynaut . C onent) i.s .contai ned .i.n osition
errgr t hat may %én%ﬁl?li%mﬁgln%t k?el(%%%g&ﬁ]_se %ome(r}‘g%poa aoﬁqsoﬁqcﬂem?%q(é@tgﬁack.
20 Thus, Jpn. P@h-it/a\mlémfdéﬂé%'ﬁﬂ@e@ Qe Nonoue %%4&%{;@@

t 1)
di scl oses a technique for detecting t runout conponent © di sk runout
that may occur iressMRGMNGOFHSM Wirt e d-0t atrd ik 1of, g dijsk doseldpipate

t he runout . conponent fromthe position 25 error. The techni que described in
Docunent 13 can dseppnessitvee runout conponent for the track, which is in
synchronismw th the rotation of the disk, to
Hard disk drives are well known as using a disk
as a recording medium. The hard disk drive generally
comprises a head positioning control system (servo
system) that performs control for positioning a head
20 at a target position on the disk. This control
system handles an actuator in which the head is
mounted, as a to-be-controlled object (that is, a
plant). The actuator supports the head such that the
head is movable in a radial direction of the disk.
25 The control system controls driving of the actuator on

the basis of servo information written (embedded) in

the disk. The control system performs seek control
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«S - *3 reduce a tracking error that may occur in the tracking by the head.
The runout conponent is detected by adaptive learning. An initial value is
required to carry out 5 the adaptive learning in a short tinme. Thus, Jpn.
Pat. Appln. KOKAI Publication No. 2002-230928 (Docunent 2) discl oses

| earning of the runout conponent for each pre-specified radial position on
the di sk during the manufacture of the hargd disk 10 drive. Docunent 2
further discloses a technique for using, as an initial value for the
adaptive | earning, the runout conponent for each pre-specified radial

position on the;fdi sk obta}%ned t hrough the | earning during the manufacture
of the hard di sK%ridvéFhi¥PIR Y iHbRrE dHpidierths hea3d It & taegsied

value). The initial value for .t daptive learning is stored in a

nonvol atil e rren‘f)tlrr%.cﬁjoacnuofrécrﬁacﬂ( &eaqgg]so“grtgerﬁ%}%q&va&?%ﬁ oFd%¥ t he runout
conponent for e radi i L. i nsi der ati.on. Docunent 2. thus
proposes 20 that thléﬁlﬁéﬁr r?g%stl\?;t:%é f(rcﬁroéﬁ(ju%nr noUt: Conpne # sferb}rt dth radial
posi tion, whichdre vl &% gy td f adapt i.v i ng, be
corrected when the hard di sv%mdrtiwvee}?és t\éégg:%at%rcf&l]ﬁut |EJ;c‘—:lagce‘—%lfp?‘#e1 r unout
conponent 5f or a rpardd AdrarcHeadaadgegroditd of 25 the disk is rel earned.
Then, the learned value (initial value) for the runout conponent for each
radi al position of tHe disk nmaor rdcitednait iddRiNgd hehe Msk drotat&sof a
change fromthe original |earned value to the relearned value (or the

di ff erence bet wéén knsernorisgiandladtear miedynaal iugy and: tthea alel fedrinedi nepl ue) .
Wth the techni que described in Docunent 2 (prior 5 art), the head can be
caused to preci SEMYOFBIANGR e thar darat ek winihout Mieng iafK entreslitby t he
runout of a track in synchronismwth the rotation of the disk or by a
tenporal variat f6¥ FESTHE £dRBut IEEmSEREMLe Weeh asremidnt iz dim vidse

i ncurs apgjexcesgive 10 ext er.nal inpact, the center of the disk in the disk
drive may be shifted FEEmAEHe S ot dtiend SHiaf @S5 SHnA e dtbicd that s,

what is called [ if:t occw . In this case very long tine is
required for thghgoﬁ\%)gr%géfﬁggto T ﬁéeLflregg‘r g Tof® s rt?;%u[n}/a% nent,
which is carriegneut +fluri t [ i ft hard di sk drive. In other
words, the tine requi r%dld?%kag?i \%%?g@tﬁe%&ts ad:hl(?']\?e%lfﬁca} eséjsl&.l%%, t he
above prior artqgahpet jdeterrisie sahether i-ner. [ tjvation time
results froma disk Oas ift oSr anot h‘er ufftgrgf&grﬂ%lgg%%%xg%pﬁ%g,d]tﬂée prior art

cannot det erm narwhetheyieh Rk thACKNELAASG iy M@l 0nHd | Jiesul ts
froma disk shift caused by an inpact made (for exanple, the inpact nade

when thellli sk drumeutabbskawii be the handudi 9 dritvadis 2addactingy t he
i npact exceeding a value specified for the product. The factor nentioned
above includes therheadnmastebrakly cappl ited fiod lidhe ttheskudidwme or a - 5
defect in the actuator, which supports the head such that the head is
novabl e. BRI EF SURMVARYPORETIHECENVERTHONK ruacedr danceut domgroremiodi nent  of
the 5 invention, there is provided a disk drive which perfornms seek control
for moving a head f8NhaiaffetNpdsPeisdiion &rdiogk thattated Ecurspi ndl e not or
and track follom%nﬁ %gntkol for settling the head within a target range for
the target posiv SR TTRengpgk1ls allowed to follow the target track.
20 Thus, Jpn. Pat. Appln. KOKAI Publication No. 11-39814
(Document 1) discloses a technique for detecting the
runout component of the disk runout that may occur
in synchronism with the rotation of the disk to
eliminate the runout component from the position
25 error. The technique described in Document 1 can

suppress the runout component for the track, which is

in synchronism with the rotation of the disk, to



10 drive conprises a position error detector configured to detect a
position error between a position of the head and the target position, an
adaptive | earning device configured to acquire, through adaptive | earning,
a runout conponent of a disk runout which 15 nmay occur as the disk rotates,
t he runout conponent being contained in the position error detected, a
nonvol atil e storage device to which a | earned val ue for the runout
conponent acquired by the adaptive |earni ng3 devi ce through the adaptive

| earning during 20 manufacture of the disk drive is pre-saved, a nmain
control |l er which ccggtrol s_relearning of the runout conponent by the
adaptive | earning &V b TP ACHT ref 20T of el el \oFTer fof Ehe Fimekiing
conmponent duri nga}gcttﬂeva}iéaoc? of the disk drive, the | earned value for 25 the
runout conponent “saved 10 the nonvolatile storage device being used as an
initial value for th i I ihg during the relearning of the runout
- 6 conponent, and g“?%?]@%ﬁ%ﬁ ncg&é‘gé\)/?%%t conf %E?%ﬁe‘?ob%a?%%ﬁgﬁ%%ea di sk
shift amount on tha-Jasd s the; ned. v riginal |earned
val ue correspondi ng tgﬁjt heqinellgﬁe;r%%dle\%l ue, t ;&%@ﬁ@%%ﬂﬁ? (15‘59%%6“%1:
representisng a sl tadaptaiveentedriofng high di sdndFom and Ot afl.an center of the
spindle notor and fromthe center of the disk set during the manufacture of
the disk drive. FBRI.ERHPHSCRINOKZON Ffb ITHE (SEAERM. i @5 O JHE DRAW NG 10
The acconpanyi ng drawi ngs, which are incorporated in and constitute a part
of the specifi catiogmmant ot robitsee lerdwodi etrsi rof  dfhechenvientidwom, and t oget her
with the general description given above and the detail ed description of

t he embodi ment s GIPERBE NI B Femie tsiasdd] wch navs ol ipmd it ies ofn t he
invention. FIG (ijﬁis .a bl ock di agram showi ng the configura tion of a hard
di sk drive accorditng ¥ Q?ré%dﬁgr\%ﬁ‘ta%‘faﬁélrpﬁ &xferiths idekFIG 2 is a

bl ock diagramil] ystrati t he .2Q, concept of, a servo systemrealized by a
CPU 10 b?aexecuﬂrﬁg’ea c@?%’%ru&e% %cefgbft %%ﬁ?lﬂ?%ﬁeaﬁ%q{gwwq:l@r 1: FIG
3 is a diagram isNg an e I f .zanes assigned fo each recordi ng
surface of each%gg\gl?’l-al% fgx%r@(ﬁa% Vf%ﬁléearioﬁgﬁg}? ﬁ‘épﬁ%v¢|1§a¥7%%g'a

di agram showi ng+@a e a St tyre in i.tial value area 112
(121) of an FRC]%I %?%?%&MC%Z g%%garf%r%%%m%ée f%%ﬁlgl%fiirsacgl% owchart
showi ng the progeduteoel oh RHCeSS d SbGIcRC i b itd Il Ml e for

ion

adaptive | earning which process is execute uring activat _ an HDD
in FIG 1; FlG darisgattieaghamshawRy ihe 0neeRt quslg sk ShiH{s
an

associated with disk shift amounts dsO, dsl, and d;
15 runout component is called a learned value). The

initial value for the adaptive learning is stored in
a nonvolatile memory. Document 2 takes a temporal.
variation in the runout component for each radial
position into consideration. Document 2 thus proposes

20 that the learned value for the runout component for
each radial position, which is used as an initial
value for the adaptive learning, be corrected when the
hard disk drive is activated. 1In this case, the
runout component for a particular radial position of

25 the disk is relearned. Then, the learned value

(initial value) for the runout component for each

radial position of the disk is corrected utilizing the



'FIG" 7 is a graph showi ng the correspondence 10 between an inpact |evel and
the di sk shift anmount. DETAILED DESCRI PTI ON OF THE | NVENTION Wt h reference
to the drawi ngs, description will be given bel ow of an enbodi nent in which
the present invention has been applied to a hard disk drive. 15 The hard

di sk drive (HDD) shown in FIG 1 conprises, for exanple, two disks
(magnetic disks) 1-0 and 1-1 on which data is nmagnetically recorded. Each
disk 1-i (i=0, 1) has two disk surfaces: a4toﬁ and bottom surface. At |east
one of the two disk surfaces of 20 each disk 1-i, for exanple, both disk
surfaces serve as recquin surfaces on which data is recorded. Heads

(magnetic heads)rai-eoﬁ arfd 2900 Sard F rdfy et 19 RS oG Vi 1Ue tHe

D Th are 25 arrdiSed S HASes (RAUS U A ET HEHRARS &5 T TR sur aces
o e sk T TG et 2003 Ul Bed b D1 dgBg doread and vl 1e
three or more i she i e R g e e AP £ acks

(not shows) 5 ametarrangetcenl idae RCUMing W fnces Qf each diskdei - In
each track, servo areas in which servo information is recorded are arranged

discretely at régulart itntenvalishdut Gldiery wirfdstdd Yhe HY esauterdodi nent,

a sector servo type format is applied to 10 each disk 1-i. The servo
i nformati on congaitwecpodint isymchnfoorimsat iwdrehr edia rrect 4t qrerdOraneantgiol  f or
positioning the head 2-ij in a target track. The position information

contains a cyli RdePYc@dé&eame riodr 2 rdattd. orTHe dyld nderowndenipuicat es t he
position 15 of a cylinderﬁ%%{ack) on the disk 1-i in which the
correspondi ng servo MHESy SR 4% darsk 1 Vemhel G aratexGes pioed ti on
infornatgﬁn i ndi_cative.of. the rel%;ive position (position error) of the

head in the cyl CRASF P WAPER v h&PEoCPESSEnditng e Ais | rifforihia iBs 0 i s
witten. A spin PM .3 rot S ch disk .1-i at high speed. An
actuator 4 sgppg%ggggggk &gagki%FF%s%%%mtﬁif t1 g%%&ﬂ?i%?%ékgﬁi ‘% a
radial directio el 1ih T a taqr i.ncl udes,.a ,voi.ce..coil 25
notor (VCM 5 sgggﬁﬁgga?gg% fi&#ﬁé g%ﬂr%&%?ogstﬁglg€¥ﬁa 5P§f Sﬂﬁ;%¥m43 is

driven by a drimhpgoesurent ThSPMiGULLERL) ;SuRRki SEM drd xer. 8f. The
VCM 5 g _1is drlpven by a drivi rllg cSrrénta (VCI\% g&rn%g%?)%esdp@p%{ee ryecﬁ\ VCM

driver 6B. In therptﬁée_@br@@@%@h&%nbf the $RM el 64 and. g, VM driver
6B are realized by a driver 1C 6 conposed of a single chip.

15 component, which is carried out during the activation
of the hard disk drive. In other words, the time
required to activate the disk drive increases.
However, the above prior art cannot determine whether
the increase in activation time results from a disk

20 shift or another factor. For example, the prior art
cannot determine whether or not the increase in
activation time results from a disk shift caused by
an impact made (for example, the impact made when
the disk drive falls) while the hard disk drive is

25 inactive, the impact exceeding a value specified for

the product. The factor mentioned above includes

vibration externally applied to the disk drive or a



5 Edch head 2-i] is connected to a head |IC (head anplifier circuit) 7. The
head 1C 7 includes a read anplifier that anplifies a read signal read by
the head 2-ij and a wite anplifier that converts wite data into a wite
current. The head I1C 7 is connected 10 to a read/wite IC (read/wite
channel) 8. The read/wite I1C 8 is a signal processing device for

perform ng various kinds of signal processing such as anal og-to-digital
conversion of a read signal, encoding of wite data, decoding of read data,
etc. 15 The read/wite IC 8 also extracts the cylinder code and burst data
fromthe servo id:gfgrrratjon. The read/wite IC 8 then transmits the cylinder
code and burst dHtEExtIActH 3B EPU 1001 ghes kAW W i the T &l i suennect ed
to a disk 20 cong alotlltr (HQ%D 9 and the CPU 10. The HDC 9 is connected to a
host (host syster% and'§ HETPY 3.d° %ost is a digital apparatus such as

an’i nter ace. control funct | off 151 380N 11 1 THo {HEEELU: i on of a command
(read/wite commands ﬂpdaé&?réé.rF@% ‘ﬂg%]yveérll %gbgcgﬂg?ﬁéaggfegg bet ween t he

host and the HDC 9. The HDC 9 als sk control function for
control i 8g datardvensfar,s deimeerns the, Wi gdg lsigand 4he, HDG 9., The CPU 10
is amin controller in the HDD shown in FIG 1. The CPU 10 1s connected to
a flash reads omer frremer ysIRAYN I AN A HANDM AQGRRS TEMIYa ARAM 12,
The FROM 11 is a nonvolatile nmenory in which a control program 11l executed
by the CPU 10 i $qsridsitaor exh aThbl domtatad tqad dgr am sidilhd e Inigtesr aarepnt r ol
process for a servo system Control realized by the 10 CPU 10 by executing
the control prodéssk fellddesi ngealordontlr oo aretet Isigak tdpertatddnw fidrimovi ng
the head 2 to a target track on the basis of a cylinder code transmtted by
the read/ wite éh&dféets.rarge dot rtdle rteatdeteddsy ttien .CPUIHED dhyslexecut i ng

t he cont 8I 15 pracess alsqg includes track follow ng control for a track
fol | owi n§ oper ati“on & SPTRISTSS0/ My Stiftd e TRy jdetiadiar &ardrigatrednge f or

t he target traclﬁoorgietttéectbaasi s af_.burst dati transmtted by the read/wite
channel 8. A storage aread kXM PROWILS LS/ 2@Arsdd A5 % §hf ti al

val ue area 112. pA learped pyal r r.ynout conmponent. i s .pre-saved to the
initial value area 112 as an tiLcljﬁ'ﬁl e%alp%\/se{%}eo ‘o é%ﬁq\}evq & Hg 9 The

| earned val ue feaevtike rc%@l%tgu%%@%e%tcd‘%%ﬁgtkﬂhffﬁoﬁlgf or, gﬁ{]ﬁper e-speci fi ed

zone on each 25 recording surface of eac urin e manuf acture

of the HDD shownebinfhg, & rAnsh@r a@mpRedt B he AV ]r%n'fo%ttﬁqmll used as

an initial value - 11 area 121 to which the contents o e 1ntial

val ue ared 112 oyt beckROMs1thar @igepired ke the HRIRSROWLIIL G 1 is
activated. The contents of the initial value area 121 are changed

(corrected) durbrdngheohtadniedatinonhef pioka tHoh. dPesar iqedctad | la be given

| ater of the | earned value for the runout conponent stored in the initial
val ue areas 112ngaycitilpl Gtozaigs aehlioek tdi agriam iad |lestnmatd ngldee concept
of the servo systemrealized by the CPU 10 by 10 executing the control
process, the CPECTotAgpédricng cemPrGent. aTigligedy dysydteemdsipivitve n FI G 2

is a head posi tELoni nﬁ cont rol S)éstemfor positioning the head 2-ij at a
target position SATPRBIIFASKIES thiRgolelths @pepsmveoheardad dussdisack
control system 21 an %5 a I%ar gi n%,ULpe f.eedf orward control system 22.
manutacture of the disk drive is pre-saved, a main
controller which controls relearning of the runout
component by the adaptive learning device to acquire
a relearned value for the runout component during
activation of the disk drive, the learned value for
25 the runout component saved to the nonvolatile storage

device being used as an initial value for the adaptive

learning during the relearning of the runout



»The 'f eedback control system 21 perfornms control for driving a plant 23 (in
this case, the actuator 4 or VCM 5). The feedback control system 21
conprises a feedback controller (Fb) 211, a position error 20 detector 212,
and an adder 213. The feedforward control system 22 suppresses (conpresses)
t he conponent of runout of a track which may occur in synchronismwth the
rotation of the disk 1-i. The feedforward control system 22 conprises a
runout 25 detector (Ft) 221 and a feedf orwér d control | er (Fw) 222. In the
f eedback control system 21, the position - 12 error detector 212 detects
a position error_"e" between target posjtion "r" on the disk 1-i and the
posi tion of the SRSt hed DFsitdolatinrg dvitr cerkigemdoto the
target position 1", Js target, 5.track. In the track followng control,
the target posi tcla(;‘r?dllsa,taef ot Cglxsakrrpsi%ltaka T 9% nteh%}‘%al‘%st% get®track. In

the track foll owig GOy sition ersor, "€ betyeen the tar get
position "r" and the heé{jwpaolsé$?aorﬁbo§dy&é igshi%ldqlaclat A’ &h4F og- t o- di gi t al

10 conversion vadie dHNoddiepn idide. of aQH{ ta ( t ,signal.
extracted by the read V\?I‘i tegghannel 8. 51 t ezéb‘g%dsae’o%%ed%%gi%%fnterror

"e" detected by ad@irposidp @it ity detaatar 212 ddadeedback contgol |er
211 calculates a first control anmount (feedback value) 15 Ub required to

suppress the podiromor eratert i'cel' .cdntexonif asie dgiddie freeth Oraved de €ont r ol
system 22, the runout detector 221 executes a digital Fourier

transformati on (COETCerdlegulcd itdre tdd sdetssst duoal roul titee )mam u it r € anponent
contained in the position error "e" 20 (the runout conponent in synchronism
with the rotati éf€ofiske dgiiste-1-j). In the HDD according to the present
enbodi nent, a seﬁggr servo tié e format is aﬁglied to the disk 1-i. Servo
information is tAOSEHI SEPERE 519& @&t EHE BBEMERALeNIEYS Offe THEs DRAGI NG r or
"e" iIs 2§Odet ected at. . each sq%gpl ing ti when the servo information is

det ect ed: "Thus, ever;Lfrhﬁ T TR PO G BHTHFS detieleGbrana ol pe eee e toe
position error . - "e" . .the runout det or 221 detects (cal cul ates)

t he runout corrpcl)rl?eralg":écc():r(l3 Sirned |enatlﬁ°§‘rﬁoﬁfteictg“r‘? eﬁﬁe&lf@'atdri”t'he basi s of
the position erronR, -¢" d I lL.t. (learned val ye) of detectiaon obtained
by the runout 5l§é%1§§f:8r%%2ﬂ‘%§ﬁel%§%§ﬁﬁ| i(orﬁ%ehaer e 9P ot I‘ﬁ?ﬂé \?\rnor%?stf}‘?lﬁe

runout detector 224 kcaBeadaRll Wedgarniing %q\(}e%g atﬂ%%}e det rttrp'hénes t he

runout conponent contained in the position error "e" throug e adaptive

| earning. In thystgased w@%l&r(igtt%m '&%d’thteh%n{blb'&Q%eWQijW HL

separated into a sine conponent and a cosine conponent. e 1n uda‘f' val ue
of the |earned wakue tor ekbeariuneuwe geIRRIPled S ORG O 18 &M ned val ues

stored in the initial value area 121 of the RAM 12 which corresponds to a
recordi ng surface and'Izoné tis BS bikickh dileeytaat geiowWdasy tireh cdnf Dehengs.
tion of a hard disk drive according to an embodiment
of the present invention;
FIG. 2 is a block diagram illustrating the
20 concept of a servo system realized by a CPU 10 by
executing a control process, the CPU 10 appearing in
FIG. 1;
FIG. 3 is a diagram showing an example of zones
assigned to each recording surface of each disk 1-i
25 (i=0, 1) appearing in FIG. 1;
FIG. 4 is a diagram showing an example of a data

structure in an initial value area 112 (121) of an



+The ‘runout conponent detected (cal cul ated) by the runout detector 22

t hrough the adaptive learning is output to the feedforward controller 222.
Further, during the seek control, the runout detector 221 20 di sabl es an
adaptive |l earning function and outputs the initial value for the runout
conponent (adaptive |earned value) to the feedforward controller 222 as it
is. On the basis of the runout conponent detected by the runout detector
221, the feedforward controller 25 222 Gal dul ates a second control anount
(feedforward value) U required to suppress the runout conponent (that is,
"elimnates the r t,.co nent contained , - 14 in the position error
"e"). The adder 3ﬂ'ﬂ$§ b&AP It YD1 5 yst%m 1 adds the control
anount U cal cul ated byt f eedf orward controller 222 to the contyol
amount Ub cal cul at ed E%yG 't ﬁ steeadb@ﬁé"cglacro%tsfkbcf"fjé?g Ztlzkle. FrHeC 3 Betbatk control

system 21 uses th |4 Of . t .t (Uf +Uh)_-by the der_ 213 as a
third control atr?ogbrﬁo(?%ﬁéuiﬁé:d C’tagrr%g%lr (%O%rhtla{fnp%aln . 2VC§a.lU§pecO|]ic i Cgalﬁai/l,v? he
adder 213 is useda 3$i& i %QQR: rat i |, Anoynt
(Uf+Ub). 10 As previ ousgﬁsmdlgcri becz?%%?ﬁesaleg%r%%%%/gl{%@ggét e T unout
conponent 5i s prefsavedono itrtheigni tii.al val ue area 112 of the FROM 11 in
associ ation with each zone of each recording surface of each disk 1-
acqui red during the ruf &ctivr @ ofi dreantIDshiown dine Mdacdpt 158 |4 €k rast,
during the activation of the HDD, the contents of the initial value area
112 of the FROVSDI far @scogiied edo wiitid icdistd alhival wencamress 1) ofddhe RAM 12.
FIG 3 shows an exanpl e of zones assigned to each recording surface of each
disk 1-i. In thPs @&§e, 20 each recording surface of each disk 1-i is
partitioned into four_congentric zones ZOto Z3 for managenent. FIG 4
shows an exanpl e of & fatd st GctdhdPh Fhare nchithalcamepPadRnda? (121).
In the eFanple %Q%wn in_Fl G %gtpﬁg | ear ned val ues for the runout

S i i

conmponents 25 are $tored”i n™F SV A f& s B T ARqU tabl e form
In FIG 4, head nb id LE i i tify th
rgcording su??acgg ef51§§@§§E§Reﬁg§g§&g??bﬁgﬁguﬁgggiﬁgﬁgiggﬂg? h,yz, Snd 3

identify the recordi Rg t$Urfa3CeS QS rt%sQ%%did&%Jf%&zﬁea%%%%%q} f@l%e

2-10, and 2-11, respectively. Zone nunbers _ entl _
zones Z0, Z1, ZBe §iama Blokesreah walhdiMew: a Priralcrdesey 'p%és%ﬁ"" Il be
e

given of learning of the runout conponent carried out during .

manuf acture of theehbDoshews bBehl GpplicBURNG tHhe danuhacturg of the HDD,
the HDD is set in a node 10 for |earning the runout conponent, in response

to an indbructi Bhef hamdt be skositri vEhgRDDY) he nCR 10, executies dnlps- icuy 1 ol
process in the control program 111 to start |earning the runout conponent.
Specifically, therCPwampleti ltiveeslishe Yysigamtslowisiks)FIIG0 2rid 115 sdrart
| earni ng the runout conponent. In this |earning, for each zone of each
recordi ng surfatBlchhdatpuisondesiegiardd varealorosd .cefarcdl dirsckl+in t he
zone as a target ,track, Then, the CPU 10 utilizes the systemshown in FIG
2 to perform seék=8ont? ohaforE W0 s By TriRESHéad Lo ans! datdrqget track and
track followi ng control faor ﬁettlin% the head 2-ij nmoved to the target
track within a t4fF éf:erangé §fStheNeardetther &¢l. disk wernfas@Ee 19 | owi ng
control ,,gvery ti t.he posi.tian error detector 212 detects the position
error 2526e", t%%ggu%ﬁg< etlec?&r 533M8efer MONes Hif FidRComsonent
contained in the_paositiqn _err "e". lLn thi.s, case, t.he digital Fourier
ransformati on 8s 9%55%89n8 58 rafes OR wﬁlch d%%a is re r&%d.

Heads (magnetic heads) 2-00 and 2-01 are arranged in

association with the respective recording surfaces of

the disk 1-0. Likewise, heads 2-10 and 2-11 are

25 arranged in association with the respective recording

surfaces of the disk 1-1. Each head 2-ij (i=0, 1,

j=0, 1) is used to read and write data from and to the



- 16 calculation is used to detect (cal culate) the runout conponent

t hrough the adaptive |learning, on the basis of the position error "e" and
the result (learned value) of detection obtained by the runout detector 5
221 one sanmpling earlier. Mre specifically, when determ ned, the runout
conponent for each order from1lst to n-th orders (n is an integer |arger
than one) is separated into a sine corrpgne[ét and a cosi ne conponent. For
exanple, zero is used as an initial 10 val Ue for the adaptive |earning by
the runout detector 221. Then, the runout conponent detected while the head
2-i] is settled j.n.the.target ge for, the target track is determined to
be a | earned valdl}eSl? or J’['he%hrf[oﬁ]' ?Urrp]t)tne’ﬁst afsosru%% Wit ddpporidi v LoRe of
the 15 correspondigng £ qr-di surface, .The le d val ue for eac one of
each recording surface etlerarr%qane aacggec?eslcnr ietbheed%g[gjg\/e YSHed 1'f‘}bet

initial value apgad kb isteheChFr%g\/lolxlmiea dnidi value for . the adaptive
| ear ni ng as shown@li n Flp%f 4. 20 Now, wt ;He%sg}érsfano?eatgé]tq}gelefldolvsm art in

FIG 5, description willahe clueseoloR diReass: {ore catpectiag dg,ini tial
val ue for the adaptive |earning, which process Is executed during the

activatiof of theeHBRrahewa ioh NG rbceolinPraeessds Sharaagt efized by 25
i ncluding a procedure for calculating the disk shift amount on the basis of
a change in thelidi.ti dn ealare threrck, heseadaptansad dar RiHigh Fdsio during the
- 17 activation of the HDD shown in FIG 1, the CPU 10 copies the |earned
val ues (initial 1paPHES)ioavdd treadraleichiatrieala nralnge darddas crkt edfy tdte FROM 11,
to the initial value area 121 of the RAM 12 (step S1). 5 Then, the CPU 10
utilizes the sySE8M&owR ek vRIlG. 2 o QFérefoma t gl ther prsseting t he
runout corrponentW%ste%FSE). Here, the runout co(r{rfoonent for a particular
zone zk (for exSMBPEIMERE zGnESE3Proratie @6 didgadurifac@ridedig ed by a

parti cul head n r.(f.or ampl e, the head nunber 0) is rel earned.
The det a??s of F%ghcgrrl:?%oll 6érf§'}lr‘?e§eirﬁostl OFNLAOTH EFHAWYWE . First, the

CPU 10 perfornms,g@ntr : ol ) r eek oqperation . for. noving the
head 2-ij to 15 a pa%tg}jcéﬁggl%{nrgggkk)ﬂﬁs? ugrae%t Ztroggte o4k &P 1s2a) .
Specifically, teokebearRibhenguraut hegrponent stor ragk JThs, the CPU 10
performs seek contrgl forl no\r}iE'}ng t he heag %GI jlfn( iantt'?%igietc?s%eaf’?'he head

2-00) to the trank FBsitIbe th@ekmiRsobelends g the 2angidk 20 dde
recordi ng surface designated by the particular head nunber. The track TRs

is preferably ubedstodhearn the eynautegorpa@rRenhdfiofh the t2@Ne A tand he
recordi ng surface designated by the particul ar head nunber, during the
manuf actlve of oheaHDRligBeWhdnrhbe)headtRei diisk meved it @Htike torck TRs,
the CPU 10 utilizes the systemshown in FIG 2 to start the track foll ow ng
control for set€pPrhgsphedhsgds2rivp information is written. The burst

data is position information indicative of the
relative position (position error) of the head in the
cylinder in which the corresponding servo information
20 is written.
A spindle motor (SPM) 3 rotates each disk 1-i at
high speed. An actuator 4 supports each head 2-ij

such that the head is movable in a radial direction of

the disk 1-i. The actuator 4 includes a voice coil
25 motor (VCM) 5 serving as a driving source for the
actuator 4. The SPM 3 is driven by a driving current

(SPM current) supplied by an SPM driver 6A. The VCM 5



- 18 wthin a predeterm ned range for the track TRs (step S2b). In the
track followng control, the position error detector 2|2 detects the
position error "e" at each sanpling tine. Every time the position error 5
detector 212 detects the position error "e", the runout detector 221
detects the runout conponent contained in the position error "e", through
the adaptive learning. Specifically, the runout detector 221 detects the
runout conponent contained in the 10 positi®nerror "e" on the basis of the
position error "e" and the result (learned value) of detection obtained by
the runout detector,6 221 one sanpling earlier. In this case, the initial
value for the adasptq%vqréé?‘}hiangg)lfjs"b?% SHEE et | EYheevates seppbieds in
(copied to) the,j iE;ti ' |.ue ar 1 of, the RAM 12 ich corresponds to
the zone Zk on the Parti cuiarch etor dify Qi R e The PR 1R Br FRor di ng
surface is desi : [ ead. nunber. On the basis of the
runout conponent e"t%g:cltqzedt”&%g%{% htgr{gr y]cob?ut&cdjle\feerct@ DA, Tehe FR2 AP Br war d

control ler 222 calgulatesd he capdalq %@@tsijq{ee%{sfd to suppress the

runout conponent. In contrast, on the basis 0 e position error "e"

detected By the positd£h etdd Heffetdreddtectde é@eéih?nﬁgdcf’@_th%é&r 25 21|

cal cul ates the control anount Ub required to suppress e position error

"e". The adder 2i®ladds:t ke wanitt)ol7 amomHy shddq angd b togeidhera Jheqresult
- 19 of the addition (U +Ub) by the adder 213 is used as a control anount

(third control &mpdritt)ereduiatechntpd icirts ol rdesd PiagiaR3redd Bhitshease, the
CPU 10 provides the VCM driver 6B of the driver IC 6 with the 5 control
amount, i.e., theadedmit ema e varidia icomw Iy itde Euderc@ B rihes MM dr i ver
6B drives the VCM 5 by supplying the VCM5 with a VCM current correspondi ng
to the control SRGEnt:IECovE dBd By A emmy 100he Mhaad slGrahniey  cartreet etk

fol | ow ng contrgl %step §2b, is 10 performed to settle the head 2-ij within
the targ&f rang&®f 6r TERE/MATE TRs. (TRAS/GPU tho &Nt Ines. wiltder or not

the position er rr%rad" e" .has %e n .conver.ged within the specified range by the
p

track fol | owi ng comn FSt Cstiép B3 2 FEIRL IR PETITiBh B T i s not
cont ol (st ep. eyt oritagh rardpu s M R L e S L i o ¢ he

control (step S ntrast,

specified rangeggt Q%a@gﬁ—%g-@qbﬁrt@l”%%n&é%tﬁsitdﬁer?f]faad Asdd Shiaqsr}.iableen settled

within 20 the target range for the trac hi s case, e 'CPU 10

det er mi nes t hat ehbediugowls @Qm‘éﬂ%{%ttaha%e%%lrﬁof&' elely o[daeébaear . The CPU
10 al so deternines the runout component currently detecte y the Tunout

detector122l toThe aewmel/eaired Icalgue 1fser ddte JUOWH2% Lomanent (step
S2d). In the present enbodi nent, the runout detector 221 executes the
di gi tal Fouri er codanshdr batistndata from the servo information.
The read/write IC 8 then transmits the cylinder code
and burst data extracted to a CPU 10.
The read/write IC 8 is connected to a disk
20 controller (HDC) 9 and the CPU 10. The HDC 9 is
connected to a host (host system) and the CPU 10.
The host 1s a digital apparatus such as a personal
computer which utilizes the HDD shown in FIG. 1.
The HDC 9 has an interface control function for
25 controlling the reception of a command (read/write

commands and the like) as well as data transfers

between the host and the HDC 9. The HDC 9 also has



+- 20 conversion to determ ne a runout conponent (learned value) for each
order from1lst to n-th orders. Mre specifically, when determ ned, the
runout conponent for each order is separated into a sine conponent and 5 a
cosi ne conmponent. In general, a disk shift appears in the first order
conponent. In contrast, the runout conponent (that is, the |earned val ue
for the adaptive |earning) detected by the_ runout detector 221 corresponds
to a position error that remains in spife 4% of the feedback control
perfornmed by the feedback controller 211. The feedback control is perforned
t o suppress thequfjtion error "e" between the target position "r" and the

head position "y THHuSORMN t e ¢t Par i Soh ke Fotnd Hia Fanptan ebedonent
is 15 determ neq in step,S2d,. t.he rel earned value (that is, the remaining
position er ror)%céaﬂr}l Ch Etsheed C%los}%?[ ilmaﬁréét ¢4 ettory of the actual target

position. Specificall,.t t1&i Pgtgr%a% é@ﬁtlag%ygllf tar%@% p@g@iﬂ%%g‘pngan be

estimated by nmultiplying the relearne val ue he' r

suppr essi on rat & used when the Rfﬁiti@rﬁseré&{néété#% eésf?ﬂa%)ry L4161 eedback
(0]

control perforned by the feedback controller 211. The trajectory represents

the runout itseldnlof ndwodi sirroM). TThesref of &rarddin GRALIL Gan sl efgime t hat
25 the disk shift anobunt has changed, by detecting a change in trajectory.

A current shift li2n tMheceres 01 iof & hemislatilie memdddy ff amtde rotation
center (rotating shaft) Oof the SPM3 is called a disk shift anmount dsl.
The rotation cert eondusfl theogSRv 31l exeabisal uie tWent@U Uuskdid fpwe-shift in
the center OL of the disk 1-i is considered. 5 The disk shift anmunt dsl
can be cal cul at ¢ Bi®#%t-he Wsicprdfralherdgram driderircomsen ddntrstl or der
si ne and cosine _co onenfg;) of the relearned value for the runout conponent

deternined i n sP&PSEEF. §fed AT PYIURE di JordHich kevdurredsay cEdre be 10
cal cul at g in aceRf g%ng)e Wi teh n eqﬁ:?tgei on shown bel ow provi ded that the
first order sine and co6si & &6‘%&6}% SNHEr Areas e Wgtlies eseek
represented by ksinl. an casl_, nespectively.. dsl - a{(k inlé%?é+
(kcosl)2}1/2 (1) 1 7o %r%krs % SEEK DpERGIES £ % GporTbIe Csed it
reflecting the guRRLESY IR & the basis of a cylinder code
transmitted by the read/write channel 8. The control
realized by the CPU 10 by executing the control
15 process also includes track following control for
a track following operation for positioning the head
2-ij within a target range for the target track on the
basis of burst data transmitted by the read/write
channel 8. A storage area in the FROM 11 is partly
20 used as an initial value area 112. A learned value
for a runout component is pre-saved to the initial
value area 112 as an initial value for adaptive
learning. The learned value for the runout component
is acquired for each pre-specified zone on each
25 recording surface of each disk 1-i during the

manufacture of the HDD shown in FIG. 1. A storage

area in the RAM 12 is partly used as an initial value



+Next', a shift in the center 00 of the disk 1-i fromthe rotation center O
of the SPM 3 which shift may occur during the manufacture of the HDD is
called 20 a disk shift amount dsO. The di sk shift anpbunt dsO can be

cal cul ated on the basis of the first order conponent (first order sine and
cosi ne conmponents) of the |earned value (original |earned val ue) obtained
during the manufacture of the HDD and corrﬁiponding to 25 the rel earned

val ue. The | earned val ue obtai ned during t nmanuf acture of the HDD is
saved to the initial value area 112 of the FROM 11. Specifically, - 22

t he disk shift aqpunt:ﬂgq:Cﬁﬂlb%}c%lculated in accordance with an equation
shown bel ow pr ovi'd&d tHatcq HE¥Gh Sthoretei e Ahdtldsimit tohponkaes of the

| ear ned val ue oht.aj rd t facture of the 5 HDD are represented
by ksin0O and kc%sl?)é,an?lgls%e%cft P%e? I}?Rchgﬁ: =S k%?‘?f(ﬁ‘% Wih?rkc%%)fé@@/ Shewy
Product specifi i fior. i nelu i npact r.esistance.. A specified
val ue (al | owabl g@% eEge%ls') lelgf %fc{{hqé%gr?p'ac?ﬁ}ee?ﬁ%?%en%%s 0 %tﬁrée I—Bbl?jgaf

general ly set l@aaticabowa severale ndrad 9?401#4&5 aj t%L}lISir?(iS%d that the
owapl e

HDD i ncurs an inpact substantially exceeding the a vel "Gs, for
exanpl e, @hen drmepheditilon SChie ¢ase, Dddi®fiGach t sk lgivahich is
screwed onto a hub of the SPM 3 may | oosen. The center of the 15 disk 1-i
may thus shift fledmzt kg rtdteatliconrreenterlef sde RMBundlhe Epdbesan
determ ne the de%ree of the shift by conparing the disk shift anounts dsl
and dsO with eaSkogeerin Tt dirsitiml cwripay ianpashel i sdndhidt. anounts dsi
and dsO with each other, the CPU 10 can 20 deternmine that the status of the
di sk runout has been F(;I%ng?edmo)ﬂ 3N e eXisA g niplalod s i@ eimal tlye nade after

t he manuf acture %f & h% HI%D. Thus, the CPU 10 cal culates a shift fromthe
center 00 of th&°GCER 1T S8 FREVRy SR Sthrifaddciand 25 e (4RU HOD by t he

current g¢gnter Q%B%futtiple gi sek 1- it’ thatr is, the disk shift amunt d from
the time of the ARG aCFure Y th& TaGFT et Thee {&teh a@pearing 2 The
gLk S arouetcd gan e Loy SO, USRS B Lo eges, va ves
R keSS B RSB o P P SR P Sl g b ¢
2-1j at a target position on the disk 1-i. The servo
system comprises a feedback control system 21 and
15 a learning type feedforward control system 22,
The feedback control system 21 performs control for
driving a plant 23 (in this case, the actuator 4 or
VCM 5). The feedback control system 21 comprises
a feedback controller (Fb) 211, a position error
20 detector 212, and an adder 213. The feedforward
control system 22 suppresses (compresses) the
component of runout of a track which may occur in
synchronism with the rotation of the disk 1-i.
The feedforward control system 22 comprises a runout
25 detector (Ft) 221 and a feedforward controller
(Fw) 222.

In the feedback control system 21, the position



«(3) I'n Equation (3), d can be converted into a physical distance (danm by
sel ecting an appropriate 10 value for a. FIG 6 shows the concept of the
above di sk shift in association with the disk shift amunts dsO, dsl, and
d. There is a correlation between the disk shift amount and the | evel of an
external inpact (inpact 15 level) exerted on the HDD. By pre-neasuring such
a correlation in a large nunber of HDDs, it _is possible to acquire an

i npact | evel -di sk shift anount characteristfc Such as the one shown in FIG
7. This characteristic can be utilized to estimate the 20 nagni tude of the

i npact exerted on the HDD, fromthe disk shift amount. Thus, in the present
enbodi nent, a part-df QEFFeecsttoorra?g]ez HEL S thP FROM AL §55WseF as a

di sk-shift characteristic . area 113 (see FI,G, 1). Disk shift characteristic

information is %reet:-‘%"rseaiavrlecf1 IS 4L tPeo‘c‘(alrte]aorilf f%ﬂe t?}esléhs%f]t'%k%i? ctRfistic

i nformation r epreant; r t ) t ween .the inmpact |evel, .and the

di sk shift anount shncolv%nnt :bﬁf tql-@;fo‘ﬂilhje“?e?a%%llgs]loc@se;ﬁtheeyu%p%}eI imt of

the disk shift amumntcdrtddie difd arsnca htween, nner di UL £ the disk
a e

1-i and the outer diameter of the hub. It is assuned t 10 has

cal cul ated the Trdicsk shirf trramaudcld 191 @GEHanGs Wit h Gauatd aned 3) (step
S3). Then, the CPU 10 estimtes the I evel of an inpact (inpact Tevel) G

that has caused pasditslorshis,t fafr thanlsk shiddn@ouning dste SHrgdhe
inmpact level Gis estimated on the basis of a disk 10 shift characteristic
i ndi cated by thé&rdicdkke sHirf tthehadmactlerficsltlicovdiimf araretdiadn sehveddi then

di sk-shift characteristic area 113 of the FROM 11 as well as the disk shift
amount d cal cul &&@T n &'t & tB e Heé eCrid r® tc argpdirtaisont Her'l patttHevedads
estimated with the 15 allowable | evel Gs of the inpact resistance. The CPU
10 thus det er mi KESHE her or Shot" i b9 Haf rurder g anrf i gt exceedi ng

the valu €0 Gs wh I<:|o% v'er:]r%%.tolnv & a(lsutee pf oSr5 )t'h eA aqt{p Kl tsufHJ to fa rg)uurnst t Odbalt taa{ ned when

(burst signal) extracted by the read/write channel 8.
On the basis of the position error "e" detected by the
position error detector 212, the feedback controller
211 calculates a first control amount (feedback value)

15 Ub required to suppress the position error "e".

In contrast, in the feedforward control system

22, the runout detector 221 executes a digital Fourier
transformation (DFT) calculation to detect (calculate)
a runout component contained in the position error "e"

20 (the runout component in synchronism with the rotation
of the disk 1-3j). 1In the HDD according to the present
embodiment, a sector servo type format is applied to
the disk 1-i. Servo information is thus discretely
detected. Consequently, the position error "e" 1is

25 detected at each sampling time when the servo
information is detected. Thus, every time the

position error detector 212 detects the position error



+the 'HDD incurs an inpact of the level Gs is defined as 20 dds. Then, the

di sk shift anount dds can be predicted fromthe characteristic shown in
FIG 7. It is thus possible to store the information indicative of the disk
shift amount dds in, for exanple, the FROM 11 and to check whet her or not
the disk shift amount d 25 calculated in step S3 is |larger than the disk
shift dds indicated by the information. This nmakes it possible to determ ne
(estimate) that the HDD has - 25 incurréd an i npact exceeding the
allowable level Gs, if d>dds If the HDD is estinmated to have undergone an
excessi ve inpact, gxceeding the all owable | evel Gs of 5 the inpact

resi stance, the reld dbig it PVt (FREGEEPT 2 hbtderrcired(caheehateghsehet he

CPU 10 reports téﬁﬁ% ser (mi nt.enance ﬁirionnelg of the host via the host
that the HDD has UNger goHE THE ex @ VT nfact e RSy TRIRT T®e user

can deal with t i jon. 10 X, | e erformng.an operatjon for
backi ng up the zﬁ?iﬂﬁdﬁ%o%%%o%ﬁt %r(ijrlg%n T %19 i@esﬁ?wit
substantial ly excegd t I Lo £ i p ncr S i me
required to actif/’later{!ﬂje JI—%D%@th%fSi%tré%%n%%mm |%I%lee#;&6l§®£§mr%£g¥ e cause

of 15 the5sabnor madtedtie. 28 mMdardampemen dfrm i sk shidinsubsiantially
exceedi ng the value dds | eads to an abnormal state in which data cannot

normal |y be readHer amride HRR artdacked up,arn hejaiservean Fmdi ad &) Yee
determ ne the cause of the abnormal state. If the HDD 20 incurs an external
i mpact whi |l e opéiatti mgtearmmeimeortrexanpleyt atorigmeait Sensosicad detect this

i mpact. Then, on the basis of the relearned value for the runout conponent
deterni ned in sttég Sz igricnt e dlalhlth margted haal ade pisiede beéor el tidne
relearning 25 (that is, the | earned val ue obtained during the manufacture
of the HDD), thd"CPOLF0 Coiaecthen e taninad nddh s af wesnobtenpeeniur i ng t he

nanufactgbe of Ehe - %@tégDD and stored in (copied to) the initial value
area 12170f the ‘RAMSPAIENSEh 18H° e TorT @RI e bed ae@Dipf i shed by for

exanpl e, addin i fferenge hetween the rel earned val ue and fhe original
n 0 P e ooy o e oD fac UG S SfanA Lt i of

in .
| earned 5 val ue to eac earned val ue obt

the HDD. Alter n%%ieve:lu%’ou%a?%tgdy%g{e%etd alye o %hneglega?rrrgencg h% pgnufact ure

of the HDD may be correcte etermning the ta *¥romthe

O O nal oA nedualdue () e laanalh N e 10 s LRl ypifch, | earned

val ue obtai ned during the manufacture IS change Tate. The
above embodi nentyhappl ic@S rle e itgurAtdn Ady Wi Gh- £ réﬂé*%éﬂé“k f the

runout conponent is intended for the particular recording surface of the
15 which the target position "r" belongs.

The runout component detected (calculated) by the
runout detector 221 through the adaptive learning is
output to the feedforward controller 222. Further,
during the seek control, the runout detector 221

20 disables an adaptive learning function and outputs
the initial value for the runout component (adaptive
learned value) to the feedforward controller 222 as it
is. On the basis of the runout component detected by
the runout detector 221, the feedforward controller

25 222 calculates a second control amount (feedforward

value) Uf required to suppress the runout component

(that is, eliminates the runout component contained



+15 particul ar disk. However, the runout conponent may be rel earned for each
disk 1-i (or each recording surface of each disk 1-i). In this case, each

| ear ned val ue obtai ned during the manufacture of the HDD nay be corrected
for each disk 1-i (or each recording surface 20 of each disk 1-i) using the
correspondi ng rel earned value. This nakes it always possible to correct the
| earned val ue for the runout conponent, used as an initial value for the
adaptive learning, to the optinun1va|ue'ev%ﬁ iT a tenporal variation in
runout 25 conponent varies in each disk 1-i (or each recording surface of

each disk 1-i). | ntthhi s case, the disk shift anount d can be cal culated for
each di sk 1-i (0 93¢ PRSI (FaRTi iy sur i@ addeachl diek abe). It is

t hus possible t eterm ne ether or not, the HDD has incurred an inpact
exceedi ng the Igve%qtb@sc, ds M&O&hesyo?tq%eé]di%qe{j%ﬁi%q Ut s ¥BPET at ed
whi ch has the 5 r \. : seguen even if t dis hi ft anmount
varies in each é{%k&?‘?‘ful(agére%géo h reeco.reael#]%gélrsvﬂar‘?ic%orbtfr%;ﬁr oé(?si 40 ), a
warning can be ShMERd e HSAPIY dEb UL Rlod 4B AlEDcfhe O ok

U 10 al so

shift amounts exceeds the value dds. The CP gl ve a warning

to the usér in thetrellleyd ng caserhd e dRid0 daterdi negsfaf eachsdi sk
shift anmount d cal cul at ed whet her or not the HDD has uridergone an i npact

exceedi ng the | ével r@sulandft henwrdulre iofn ditske i fdy atmINi&aan thy whigh the
HDD has undergone an 15 inpact exceeding the level Gs is larger than a pre
speci fi ed val ue2 Kddtridecontralharghove mehodiaeita ddrecprlesan pIwention is
applied to a hard disk drive (HDD). However, the present invention is

appl i cabl e to a?di-sk S@eoid t e @dean disk drises] asuch desve a
magnet o- opt i cal %i sk drive, provided that the disk drive perforns the seek
control and tralktoRERRRG ot ¥olth LARIIAATdHAL adraittagest it -

nodi fi cations will readil occur., to.those skilled in the art. Therefore, 25
the i nve% ioninits @%evrloélss&é’ctdsesicsrﬁ?ﬂ 118 Pt ehe’abeRi 9% detail s

and represent atiyg enbadiments oM 3G, 4e8S PP el N SO dhngly
area 112 of the FROM 1l in association with each zone
of each recording surface of each disk 1-i acquired
during the manufacture of the HDD shown in FIG. 1.

15 In contrast, during the.activation of the HDD, the
contents of the initial value area 112 of the FROM 11
are copied to the initial value area 121 of the RAM
12. FIG. 3 shows an example of zones assigned to each
recording surface of each disk 1-i. 1In this case,

20 each recording surface of each disk 1-i is partitioned
into four concentric zones Z0 to Z3 for management.
FIG. 4 shows an example of a data structure in the
initial value area 112 (121). 1In the example shown in
FIG. 4, the learned values for the runout components

25 are stored in the initial value area 112 (121) in
table form. In FIG. 4, head numbers denote identifi-

cation numbers that identify the recording surfaces



+nodi'fications may be nmade wi thout departing fromthe spirit or scope of the
general inventive concept as defined by the appended clains and their
equi val ent s. - 29 WHAT IS CLAIMED IS: 1. A disk drive which perforns
seek control for nmoving a head to a target position on a disk rotated by a
spindle notor and track followng control for 5 settling the head wthin a
target range for the target position, the disk drive conprising: a position
error detector configured to detect a positPon error between a position of
the head and the target position; 10 an adaptive |earning device configured
to acquire, thrqggh adﬁﬁﬁive | earni ng, a runout conponent of a disk runout
whi ch may occur e Hitk Yot at e thrad dﬁﬁ%ﬁeliﬁ)%orﬂenﬂ beimd Tont ai ned
in the pOSition'%ﬂ%ﬁéngt cted; 15 a nonvolatile storage device to which a
u

| ear ned val ue for TEGHHTHE SHGAGRY IRE 1970 AT VieP | &8 ni ng

devi ce through t it4 Ve J earni urin ufacture of the disk drive

is pre-saved; aﬁn%cra]sd?gnqor’olé :Oral’vvrﬁ]%héj’co (?O%%nlr'el%easrgﬁ%‘beflbo t4&% unout

conmponent by th i learni i.C . ire a relear val ue for
e Lo gyBR X LA oK SR AR AU 5 L A P VL

the runout conponent duri'ng ‘acti vati on I'VE, ‘d val ue
for the ra@nout cempEmNtrsARd tthe nonvol atile storage device being used
as an initial value for the 25 adaptive |earning during the rel earning of

the runout conponent Nand = el el @l d g shevd s ey confpgus seed o £al cul ate a
- 30 disk shift anount on the basis of the rel earned val ue and the

original | earnedesiniecarfr edpondirmmt acdiperaitearaned apldie dbhei ki sk shift
anount representing a shift in a center of the disk froma rotation center
5 of the spindl &heptemnudrd furemathe heeitidr ssfourhe rdimsiG set. duyimighdg he
manuf acture of the disk drive. 2. The disk drive according to claiml1,
further conprisith§ SRNUHsEEU es G ingthiangiovitde ¢ONT iigursed tin estiadd e, on
t he basii of th diﬁé shi,ft anmount 10 cal cul ated by the cal cul ati ng devi ce,
whet her the di sk 9% iL¥& TRALUAdS: FOHe Udn GOHREEIE e dedinReRanse |towedil e | evel
defined in a product specification for inpact resistance. 3. The disk drive
according to cl g?‘r%%f,uc%ﬁé)rneifcﬁzoml%h@n cter iL¥Ge itHo R i 16h 9HREWERS ve of
a relationship l,evel of an inpact exerted on the disk drive and
“the disk shift g%ﬁ%t%gitg"&r e-SaVeES 8 Eﬁ‘@ ﬁ&ﬁ\%ﬂ% NI WEG dget devi ce; and

the inpact estigmbiRg l@%\firﬁ:ﬁ#p@%lew}%%:ou%\?ﬁ?’%#og%%&t | ?f%:csle‘f ltsﬁ‘lrﬁ Iy ng device

configured to estimate the act l'evel S€es Yof the

di sk shift amoumheCabpguhat %@1il§'}e.tsh%hl%a§iyt%t%fm the i sk shid t Aampunt

cal cul ated by the calculating device an he characteristic informtion;
and 25 aldeternsnarg dewireengORhegui 9o ko Ldeleiane Wigt hep; £ he inpact

| evel estimated by the inpact |evel estimating device exceeds the allowabl e
| evel . learning, for each zone of each recording surface,
the CPU 10 designates an almost central track in the
zone as a target track. Then, the CPU 10 utilizes the
system shown in FIG. 2 to perform seek control for
20 moving the head 2-ij to a target track and track
following control for settling the head 2-ij moved to
the target track within a target range for the target
track. In the track following control, every time the
position error detector 212 detects the position error
25 "e", the runout detector 221 determines the runout

component contained in the position error "e".

In this case, the digital Fourier transformation



+- 31 4. The disk drive according to claim 2, wherein: information
indicative of a disk shift anount predicted for a case in which the disk
drive undergoes an inpact equal to the allowable level is pre-saved to 5

t he nonvol atil e storage device; and on the basis of the disk shift anmount
cal cul ated by the cal cul ating device and the information saved to the
nonvol atil e storage device and indicating f?e disk shift amount, the inpact
estimating device estimates 10 whet her the T npact |evel causing a disk
shift of the disk shift anount cal cul ated exceeds the all owable | evel. 5.
The disk drive accaording to.claim?, further conprisjing a reporting device
configured to, rgﬁorctuquq‘to@ d &k i‘%trﬁftt h@r%i ad?‘?)vet}i%a‘-fu‘%%ti npact

xcoodi ng 1 he. ol T BCRFEY GIBIUE. Lt e 0 v Hauaran M ORI,

exceedi ng the allowablée 1evel

wherein: the | earnedvalus +GQB! 318, A dw sty prider 20, cqmponent, of the

runout conponent which'is separated I nto a sine conponent and a cosi ne

conponents and gaQvieded rt bRt e I ot RS 1) ft%ecoﬁfmﬁlg@f(dé&[%%ﬁi ne
ni an cosl,

conponent of the relearned val ue are defined By ksi
respectively, anditbeefisegiplandeleads iSime CYMRONYC AN L0S) neyemponent  of

the original |earned value are defined by ksinO and kcos0O, respectively,
and a is a_propdeteandhedgefthieciremout component for each order from
lst to n-th orders (n is an integer larger than one)
is separated into a sine component and a cosine
component. For example, zero is used as an initial

10 value for the adaptive learning by the runout detector
221. Then, the runout component detected while the
head 2-ij is settled in the target range for the
target track is determined to be a learned value for
the runout component for the corresponding zone of the

15 corresponding recording surface. The learned value
for each zone of each recording surface determined as
described above is saved to the initial value area 112
of the FROM 11 as an initial value for the adéptive
learning as shown in FIG. 4.

20 Now, with reference to the flowchart in FIG. 5,
description will be given of a process for correcting
the initial value for the adabtive learning, which
process is executed during the activation of the HDD
shown in FIG. 1. This process is characterized by

25 including a procedure for calculating the disk shift
amount on the basis of a change in the initial value

for the adaptive learning. First, during the



- 32 the calculating device cal culates the disk shift anmount in accordance
with the follow ng equation: d = a{(ksinl - ksin0)2 + (kcosl - kcos0)2}1/2
7. The disk drive according to claim1, further 5 conprising: a feedback
controller configured to calculate a first control amount required to
suppress the position error; a feedforward controller configured to

cal culate 10 a second control anmount requi $d to suppress a runout .
conponent acquired by the adaptive Iearning device; and a generating device
configured to generate a third control anmount required to settle the head

First and second Con ol turitts 0 AThod oft el bul it e H sk shi ft

t; for use dd; i ri.v. i sk drive perform ng seek control for
ﬁnneiugg a head téﬂ_ ltaeassg%{% glésﬁﬁeo%lhganl%ka&d} lstklaslotvaa{%éj_c?sg)y F i ndff e ot or
and track fol |l owng iGgrtir0l Jaqgieseatﬁéd ng 4 her hgad iﬂ;l@d:dgc?gtgrgé range for

the target position, the nethod conprising: noving ti . .
pre-specified tamgeti posidli@n Hred e disk i idigy aic%]l (vstagéépﬂg f the disk 25
rac

drive; performng, at regular sanpling intervals, the ol | owi ng
control for settlheng tdhe lwad 1OVAM I1i%es the system shown in FIG. 2
to perform control for relearning the runout component
(step S2). Here, the runout component for a
particular zone Zk (for example, the zone Z2) on the
recording surface designated by a particular head
10 number (for example, the head number 0) is relearned.
The details of the control performed in step S2 are as
follows.
First, the CPU 10 performs control (seek control)
for a seek operation for moving the head 2-ij to
15 a particular track TRs as a target track (step S2a).
Specifically, to relearn the runout component for the
track TRs, the CPU 10 performs seek control for moving
'the head 2-ij (in this case, the head 2-00) to the
track TRs. The track TRs belongs to the zone Zk on
20 the recording surface designated by the particular
head number. The track TRs is preferably used to
learn the runout component for the zone Zk on the
recording surface designated by the particular head
number, during the manufacture of the HDD.
25 When the head 2-ij is moved to the track TRs, the
CPU 10 utilizes the system shown in FIG. 2 to start

the track following control for settling the head 2-1i7j



- 33 the target position, within a target range for the target position,
acquiring, in a period of the track followi ng control perfornmed during
activation of the disk drive, 5 a runout conponent of a disk runout which
may occur as the disk rotates, at each sanpling time through adaptive

| earni ng, the runout conponent being contained in a position error between
a position of the head detected at each sangling time and the target 10
position, an initial value for the adapfivé | ear ni ng being a | earned val ue
for the runout conponent pre saved to a nonvolatile storage device and

acquired through .the adaptive |earning during manufacture of the disk
drive; 15 deter n""l'lni—i}hjd1 t%eoﬁﬁfﬁ%ﬁﬁr@dﬁ%cgn’é?ﬁg%u??%ﬂm% ek refst 65BeP a

rel earned val ue,q4\f, i n ck f.ol i ng, cont rol rformed during the
activation of t hseégofi 'sk lﬁ??cvﬁeé a&%ﬁaec%o%'sé)][\,\jf%‘ﬁ”é? r%‘?mi:%ﬁ'erb%% RP £ h+°
pre-specified range;,, angd I i i | ft. apount on,the basis of
the rel earned val ue rand te?h(%cgrﬁi%ﬁngc?é%%ngéf%ﬁ@uéel%ﬁ? ees]b%%]ai n% t3 t he

rel ear ned val ue,eddre gg@qis,{g fgingaéwpurgvéﬁpr%tgw ﬁossm{(gni E‘Tgofent er of

the disk froma rotation center of the spindle notor and from he center

of the di $k set diwrdorgt le amarfantdirenOfpd e sk Srdvere®. Jhe met hod
according to claim@8, further - 34 conprising estimating, on the basis

of the cal cul at etindivgk dsftidfdtt canmanit ,deteettercHherwhiske didnvsohase under gone
an inpact exceeding an allowable |evel defined in a product specification
for inmpact 5 reﬁQﬂhﬁﬁﬂﬁd.MN.UNGQBGQﬂHidn error "e", through the
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222 calculates the control amount Uf required to
suppress the runout component. In contrast, on the
basis of the position error "e" detected by the
position error detector 212, the feedback controller
25 211 calculates the control amount Ub required to
suppress the position error "e". The adder 213 adds

the control amounts Uf and Ub together. The result
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of the addition (Uf+Ub) by the adder 213 is used as
a control amount (third control amount) required to
control the plant 23. 1In this case, the CPU 10
provides the VCM driver 6B of the driver IC 6 with the
5 control amount, i.e., the result of the addition by
the adder 213. The VCM driver 6B drives the VCM 5 by
supplying the VCM 5 with a VCM current corresponding
to the control amount provided by the CPU 10. 1In this
manner, the track following control (step S2b) is

10 performed to settle the head 2-ij within the target
range for the track TRs.

The CPU 10 determines whether or not the position
error "e" has been converged within the specified
range by the track following control (step S2c).

15 If the position error "e" is not within the specified
range, the CPU 10 continues the track following
control (step S2b). 1In contrast, if the position
error "e" is within the specified range, the CPU 10
determines that the head 2-ij has been settled within

20 the target range for the track TRs. 1In this case, the
CPU 10 determines that the runout component has been
completely relearned. The CPU 10 also determines the
runout component currently detected by the runout
detector 221 to be a relearned value for the runout

25 component (step S2d).

In the present embodiment, the runout detector

221 executes the digital Fourier transformation
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conversion to determine a runout component (learned
value) for each order from lst to n-th orders. More
specifically, when determined, the runout component
for each order is separated into a sine component and
5 a cosine component. In general, a disk shift appears

in the first order component. In contrast, the runout
component (that is, the learned value for the adaptive
learning) detected by the runout detector 221
corresponds to a position error that remains in spite

10 of the feedback control performed by the feedback
controller 211. The feedback control is performed to
suppress the position error "e" between the target
position "r" and the head position "y". Thus, when
the relearned value for the runout component is

15 determined in step S2d, the relearned value (that is,
the remaining position error) can be used to estimate
the trajectory of the actual target position.
Specifically, the trajectory of the actual target
position can be estimated by multiplying the relearned

20 value by the reciprocal of a suppression rate used
when the position error is suppressed by the feedback
control performed by the feedback controller 211.
The trajectory represents the runout itself of the
disk 1-i. Therefore, the CPU 10 can determine that

25 the disk shift amount has changed, by detecting
a change in trajectory.

A current shift in the center 01 of the disk 1-1i
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831098&}()_&63"%0%%&JQIled a disk shift amount dsj. The rotation
center O of the SPM 3 is an absolute center used if a
shift in the center 01 of the disk 1-i is considered.
5 The disk shift amount dsj; can be calculated on the
basis of the first order component (first order
sine and cosine components) of the relearned value
for the runout cbmponent determined in step S2d.
Specifically, the disk shift amount ds1 can be
10 calculated in accordance with an equation shown below
provided that the first order sine and cosine
components of the relearned value are represented by
ksinl and kcosl, respectively.

ds1 = af (ksinl)2 + (kcosl)2}1/2 (1)

15 In this case, o denotes a proportional
coefficient reflecting the suppression rate.

Next, a shift in the center Og of the disk 1-i
from the rotation center O of the SPM 3 which shift
may occur during the manufacture of the HDD is called

20 a disk shift amount dsg. The disk shift amount dsg
can be calculated on the basis of the first order
component (first order sine and cosine componenté) of
the learned value (original learned value) obtained
during the manufacture of the HDD and corresponding to

25 the relearned value. The learned value obtained

during the manufacture of the HDD is saved to the

initial value area 112 of the FROM 11. Specifically,
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learned value obtained during the manufacture of the
5 HDD are represented by ksinO and kcosO, respectively.
dsg = of (ksin0)2 + (kcos0)2}1/2 (2)
Product specifications for the HDD include impact
resistance. A specified value (allowable level) Gs
for the impact resistance of the HDD is generally set
10 at about several hundred gal. Here, it is assumed
that the HDD incurs an impact substaﬁtially exceeding
the allowable level Gs, for example, when dropped. In
such a case, a part of each disk 1-i which is screwed
onto a hub of the SPM 3 may loosen. The center of the
15 disk 1-i may thus shift from the rotation center of
the SPM 3. The CPU 10 can determine the degree of the
shift by comparing the disk shift amounts dsq{ and dsg
with each other. That is, by comparing the disk shift
amounts dsq and dsg with each other, the CPU 10 can
20 determine that the status of the disk runout has been
changed by an excessive impact externally made after
the manufacture of the HDD.
Thus, the CPU 10 calculates a shift from the
center Og of the disk 1-i set during the manufacture
25 of the HDD to the current center 07 of the disk 1-i,
that is, the disk shift amount d from the time of

the HDD manufacture to the current time (step S3).
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5 is calculated by:
d = af(ksinl - ksin0)2 + (kcosl - kcos0)2}1/2
(3)

In Equation (3), d can be converted into a

physical distance (um) by selecting an appropriate
10 value for a.

FIG. 6 shows the concept of the above disk shift
in association with the disk shift amounts dsg, dsi,
and d. There is a correlation between the disk shift
amount and the level of an external impact (impact

15 level) exerted on the HDD. By pre-measuring such
a correlation in a large number of HDDs, it is
possible to acquire an impact level-disk shift amount
characteristic such as the one shown in FIG. 7.
This characteristic can be utilized to estimate the
20 magnitude of the impact exerted on the HDD, from the
disk shift amount. Thus, in the present embodiment,
a part of the storage area of the FROM 11 is used as
a disk-shift characteristic area 113 (see FIG. 1).
Disk shift characteristic information is pre-saved
25 to the area 113. The disk shift characteristic
information represents the relationship between the

impact level and the disk shift amount shown in
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FIG. 7. 1In this case, the upper limit of the disk
shift amount is the difference between inner diameter
of the disk 1-i and the outer diameter of the hub.
It is assumed that the CPU 10 has calculated the
5 disk shift amount d in accordance with Equation (3)
(step S3). Then, the CPU 10 estimates the level of
an impact (impact level) G that has caused a disk
shift of the disk shift amount d (step S4). The
impact level G is estimated on the basis of a disk
10 shift characteristic indicated by the disk shift
characteristic information saved to the disk-shift
characteristic area 113 of the FROM 11 as well as the
disk shift amount d calculated in step S3. The CPU
10 compares the impact level G estimated with the
15 allowable level Gs of the impact resistance. The CPU
10 thus determines whether or not the HDD has
undergone an impact exceeding the value Gs while
inactive (step S5). A disk shift amount obtained when
the HDD incurs an impact of the level Gs is defined as
20 dds. Then, the disk shift amount dgg can be predicted
from the characteristic shown in FIG. 7. It is thus
possible to store the information indicative of the
disk shift amount dgg in, for example, the FROM 11
and to check whether or not the disk shift amount d
25 calculated in step S3 is larger than the disk shift

dds indicated by the information. This makes it

possible to determine (estimate) that the HDD has
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incurred an impact exceeding the allowable level Gs,
if d>dgs.
If the HDD is estimated to have undergone an
excessive impact exceeding the allowable level Gs of
5 the impact resistance, the reliability of the HDD is
not ensured. In this case, the CPU 10 reports to
a user (maintenance personnel) of the host via the
host that the HDD has undergone the excessive impact
(step S6). Thus, the user can deal with the situation
10 by for example, performing an operation for backing up
the data saved to the HDD. Further, even if a disk
shift substantially exceeding the value dqg signifi-
cantly increases the time required to activate the
HDD, the user can immediately determine the cause of
15 the abnormal state. Similarly, even if a disk shift
substantially exceeding the value dqg leads to an
abnormal state in which data cannot normally be read
from the HDD or backed up, the user can immediately
determine the cause of the abnormal state. If the HDD
20 incurs an external impact while operating, then for
example, an impact sensor can detect this impact.
Then, on the basis of the relearned value for
the runout component determined in step S2d and the
original learned value used before the relearning
25 (that 1is, the learned value obtained during the

manufacture of the HDD), the CPU 10 corrects all the

learned values obtained during the manufacture of the
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HDD and stored in (copied to) the initial wvalue area
121 of the RAM 12 (step S7). The correction can be
aécomplished by for example, adding the difference
between the relearned value and the original learned
5 value to each learned value obtained during the
manufacture of the HDD. Alternatively, each learned
value obtained during the manufacture of the HDD may
be corrected by determining the rate of a change from
the original learned value to the relearned value to
10 multiply each learned value obtained during the
manufacture of the HDD, by this change rate.
The above embodiment applies the configuration
in whiéh the relearning of the runout component is
intended for the particular recording surface of the
15 particular disk. However, the runout component may be
relearned for each disk 1-i (or each recording surface
of each disk 1-i). In this case, each learned wvalue
obtained during the manufacture of the HDD may be
corrected for each disk 1-i (or each recording surface
20 of each disk 1-i) using the corresponding relearned
value. This makes it always possible to correct
the learned value for the runout component, used as
an initial value for the adaptive learning, to the
optimum value even if a temporal variation in runout
25 component varies in each disk 1-i (or each recording
surface of each disk 1-i). 1In this case, the disk

shift amount d can be calculated for each disk 1-i (or
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each recording surface of each disk 1-i). It is thus
possible to determine whether or not the HDD has
incurred an impact exceeding the level Gs, using one
of the disk shift amounts calculated which has the
5 largest value. Consequently, even if the disk shift
amount varies in each disk 1-i (or each recording
surface of each disk 1-i), a warning can be given to
the user provided that at least one of the disk shift
amounts exceeds the value dgg. The CPU 10 may also
10 give a warning to the user in the following case:
the CPU 10 determines for each disk shift amount d
calculated whether or not the HDD has undergone an
impact exceeding the level Gs, and the number of disk
shift amounts with which the HDD has undergone an
15 impact exceeding the level Gs is larger than a pre-
specified value. Further, in the above embodiment,
the present invention is applied to a hard disk drive
(HDD) . However, the present invention is applicable
to a disk drive other than a hard disk drive, such as
20 a magneto-optical disk drive, provided that the disk
drive performs the seek control and track following
control.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
25 the invention in its broader aspects is not limited to
the specific details and representative embodiments

shown and described herein. Accordingly, various
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modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk drive which performs seek control for
moving a head to a target position on a disk rotated
by a spindle motor and track following control for
settling the head within a target range for the target
position, the disk drive comprising:

a position error detector configured to detect
a position error between a position of the head and
the target position;

an adaptive learning device configured to
acquire, through adaptive learning, a runout component
of a disk runout which may occur as the disk rotates,
the runout component being contained in the position
error detected;

a nonvolatile storage device to which a learned
value for the runout component acquired by the
adaptive learning device through the adaptive learning
during manufacture of the disk drive is pre-saved;

a main controller which controls relearning of
the runout component by the adaptive learning device
to acquire a relearned value for the runout component
during activation of the disk drive, the learned wvalue
for the runout component saved to the nonvolatile
storage device being used as an initial value for the
adaptive learning during the relearning of the runout
component; and

a calculating device configured to calculate a

10GG
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disk shift amount on the basis of the relearned value
and the original learned value corresponding to the
relearned value, the disk shift amount representing a
shift in a center of the disk from a rotation center

5 of the spindle motor and from the center of the disk
set during the manufacture of the disk drive.

2. The disk drive according to claim 1, further
comprising an impact estimating device configured to
estimate, on the basis of the disk shift amount

10 calculated by the calculating device, whether the disk
drive has undergone an impact exceeding an allowable
level defined in a product specification for impact
resistance.

3. The disk drive according to claim 2, wherein:

15 characteristic information indicative of a
relationship between a level of an impact exerted on
the disk drive and the disk shift amount is pre-saved
to the nonvolatile storage device; and

the impact estimating device includes:

20 an impact level estimating device configured
to estimate the impact level which causes a disk shift
of the disk shift amount calculated, on the basis of
the disk shift amount calculated by the calculating
device and the characteristic information; and

25 a determining device configured to determine
whether the impact level estimated by the impact level

estimating device exceeds the allowable level.
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4. The disk drive according to claim 2, wherein:
information indicative of a disk shift amount
predicted for a case in which the disk drive undergoes
an impact equal to the allowable level is pre-saved to
5 the nonvolatile storage device; and
on the basis of the disk shift amount calculated
by the calculating device and the information saved to
the nonvolatile storage device and indicating the disk
shift amount, the impact estimating device estimates
10 whether the impact level causing a disk shift of the
disk shift amount calculated exceeds the allowable
level.
5. The disk drive according to claim 2, further
comprising a reporting device configured to report
15 to a host utilizing the disk drive that the impact
estimating device has estimated that the disk drive
has undergone an impact exceeding the allowable level.
6. The disk drive according to claim 1, wherein:
the learned value contains a first order
20 component of the runout component which is separated
into a sine component and a cosine component; and
provided that the first order sine component and
cosine component of the relearned value are defined by
ksinl and kcosl, respectively, and the first order
25 sine component and cosine component of the original
learned value are defined by ksinO and kcosO,

respectively, and o is a proportional coefficient,
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the calculating device calculates the disk shift
amount in accordance with the following equation:

d = of (ksinl - ksin0)2 + (kcosl - kcos0)2}1/2

7. The disk drive according to claim 1, further
comprising:

a feedback controller configured to calculate a
first control amount required to suppress the position
error;

a feedforward controller configured to calculate
a second control amount required to suppress a runout
component acquired by the adaptive learning device;
and

a generating device configured to generate
a third control amount required to settle the head
within the target range for the target_position on
the basis of the first and second control amounts.

8. A method of calculating a disk shift amount;
for use in a disk drive, the disk drive performing
seek control for moving a head to a target position on
a disk rotated by a spindle motor and track following
control for settling the head within a target range
for the target position, the method comprising:

moving the head to a pre-specified target
position on the disk during activation of the disk
drive;

performing, at regular sampling intervals, the

track following control for settling the head moved to
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the target position, within a target range for the
target position,
acquiring, in a period of the track following

control performed during activation of the disk drive,
5  a runout component of a disk runout which may occur

as the disk rotates, at each sampling time through

adaptive learning, the runout component being

contained in a position error betweén a position of

the head detected at each sampling time and the target

10 position, an initial value for the adaptive learning
being a learned value for the runout component pre-
saved to a nonvolatile storage device and acquired
through the adaptive learning during manufacture of
the disk drive;

15 determining the runout component currently
acquired to be a relearned value, if in the track
following control performed during the activation of
the disk drive, the position error converges within
a pre—spécified range; and

20 calculating a disk shift amount on the basis of
the relearned value and the original learned value
corresponding to the relearned value, the disk shift
amount representing a shift in a center of the disk
from a rotation center of the spindle motor and from

25 the center of the disk set during the manufacture of
the disk drive.

9. The method according to claim 8, further
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