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Met hod 5 BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates to a disk storage apparatus for positioning a head to a
target track of a disk which serves as a record nedium and to a techni que

of inhibiting a track 10 di sl ocation of the head due to a di
whi ch the apparatus is subject. 2. Description of the Relat egmmmmmﬂwm
positioning control systemreads servo i nformation previousl ed on a
di sk using a head, and nini nfT¥eke sofistpesInvent ephor signal for &%'& get
track. In this case, to i e i t1oni r , there is known a

nmet hod of setting controln?%%%u%ﬁgéééécé#éﬁ#%ﬁﬁ%lggﬁd t hereby accel erati ng
track foll ow ng oper &tiisdn Stkdamaeee Rppiafratast Cohtirodqientyd s set hi gh, the
positioning control system becones unstable due to the 20 inherent
mechani cal resonance of the actuator of the head. This results inalimt
to thegincrease of controRatkegoeroy orConsl derENg TN S di sadvant age, there
i s proposed reducing a_ disturbance (such as pivot bearing friction, an

el astic fércg}e&ﬁdognthﬁeﬁpﬂﬁnFépée due to shock/vibration) which acts on

t he 25 actuatorn L %fggg ifi I i from
servo infornatigﬂg nda%é%ﬁ?@zggfgggﬁ: or t g%éiggg#gé?8?%%83%€%ﬁ%%ﬁﬁie IS
est i mat edfandoesipepsaned byaficed-o opwged toatkolf aBgidbiviyl o serams
positionin ceur is.inproved. However,. the head pasi.ti.on signal based
on the se?\%ogSggFﬁﬁégrrﬁ% %ngﬁ, d‘?@%rte?e y erC:echolr%Peed OOfﬁ éL%cﬁtsﬁ(nq 5 %&acg

cont iuoudisilgpnakiocA odnthel hbadddue whi ehddissuwbbacee teswhieh ahenreans can
estimate a disturbance is . affected by the sanpling frequency of a sector
servo, anapﬁagaSHsuﬁBeFuEﬂﬁFF: It is difficult to correctly estimte the
di sturbange aadckopeoBpensatact Re1dikshupkance so that the di sturbance has
no effect on the actual use of the control system Furthernore, if the

resi stance of tRePAFiGéondNY ePnEKelasyeheBr TERAEt 68LES dnLPKBaLéSNst ance

I's 5 Cha”E?QvFB{;'s?\g" QgcbﬁﬁBgr Bh%edﬁkieug%gr a@hALLVe JGHr [eRL S carried to
the drive coil to heat the drive coil, the positioning controp system

i ncl uth ngpbhetdpst arlbbamceigstilnfibicor heagstbecenis disadvast cgseusty

unst abl e. ;10 SUNNARYth THE | NVENTI ON }% sol ve the abo -stqéed .

di sadvant ABRECTENS PrHT AGERFAEH’ (eSS ¢ he IO DU REk SPEE 0%

negate a dbatubbanceqeausedtbyighpieradl bear tReré&by dddrl.e @t lasidae kf or ce,
an inertia force due to shock/vibration or the |ike exerted on 15 actuator
nmeans, théo%awwad@%ﬁanw di S$PUPBSRce | §Oé§FPﬁBftr&HuquYeé§isﬁ§t}i‘h@ht he

magni tudergl HBe; gk shunhBareRt rbMOsGLeERNbE cBE sUSRY . abil ESHuea t¥okhage
signal which is obtained as a deteCtion result of detecting a voltage

i nducddl i AnBpFenAgadiaalaresoneans ofi sheseguasesontitha hade Singmal of
the dr'VeréQuT€§“§nf8rlgé&¥'98 Ehg %ﬁEEé&%E ggaegnk§oﬂs%9eqlgﬁc rive signal

of the drive neans nay Inputted intot ive means or ‘outpatted from
t he dri veCapahderAhgethati débgdvantaghe theve ssgpabpofetheeduicvagneans but
a position.control signal., _based which the drive signal .is produced, may
e used. “dharorbahst' Bl ARRERoEha ke ety of " SIS AG TR
nmagni t udeanll 4he rdiiiy Fanee dse Ovhded/vibe adiishyr baner ©sts rat icar means
recei ves a voltage signal, which is obtained by detecting the voLta%S

t he

i nducktl i ACHRREPRy tHERact UatRASIRATS DPoRS PAGE tdele SL08A InBRRS1NE
drive sigpalbneRASHLIRIERALHOANGIHARL v signal for the actuator, the

disturbance is estimated and compensated by feed-forward
control. By doing so, head positioning accuracy is improved.
However, the head position signal based on the servo
30 information discretely recorded on the disk is not a continuous
signal. A control band in which disturbance estimation means
can estimate a disturbance is affected by the sampling frequency

of a sector servo, and has an upper limit. It is difficult to
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of the drive neans, and produces a di sturbance estimation signal . The

di sturbance estimation signal produced based on the two elenents, correctly
esti mates the nagnitude of the disturbance exerted on the head. As a
result, it is possible to correctly 5 estinmate the nagnitude of the

di sturbance exerted on the actuator neans. The disturbance related to the
estimation is indicated by the disturbance estimtion signal. The

di sturbance estimation neans produces the disturbance estinmation signal
based on @orHectilive egtilvats) givdl ddrs tirdarEepasiad iton asomearsiatsl gried and t he
vol tage signal, haduced, i, Ariyng; {he el Jatars HBaé‘ffe JRe ¥91Ftaac9c%zil”d“06d
in driving the actuator nmeans I's a continuous signa “Duet 6 hi's,” conpar ed
wi t h converstel ofiatharc¢ororo sty siain .ng Fa rdihetrmolenc é fushegras Us saomg icfuous
head posi tion signal result _of reading servo 15 informatjon discretely
recorded RN Hﬁlg?sﬁ?fftoafi §%80§§F‘6?‘é°fgfd]c%%r%tt‘ﬁ/ O&s?hﬁa’f%shsﬁ?%?%rllfance.
Meanwh | e chish gleldie 1@ 1alow ifdgu Glettpldreftiien ik 8Yeit anel ival uairdfedthg drive
coil and changes of the resistance value, a phase with a gain crossover

f r equency SRR afht @ Fhepdhl Yo 65 120- YhrA L it AES Ve &, L /hhB e me St I gi n,
with the st Rl tant AN iH%S LD REGATESD RS a8 malq o0k fdhi S

di sadvant age, according to the present i1nvention, the drive signal is
produced basetesn dilsedyesitiaioeeusdivt rolstaibgdieal for a head position and the
di sturbance estimation signal, the high frequency conponent 25 of the

di sturbance estimation signal is cut off by filter means to thereby produce
a filler signal. ThereaftersuMeRyposFtTOR TOVENDIOSI gnal for the head
position is conbined with the filter 3 signal, thereby producing the
drive signal. Byos@ocqeRsttiHditamgvetdeateqghdisequeneiigesmenents-edfent
frequencies higher than a filter |ow pass cut-off frequency are cut off by
the filtednveandonTheakiegh thequéntyoeanponretsupesS t herdi staydiance
estimation signal outputted fromthe disturbance estimation signal are not

i ncl uded egsituabentcleycawsedbydr pyveosibgralingASr act esn) gn elastid folee,

resi stance value of the drive coil of the actuator neans is changed

accor di nganoinestiaafrece [dust Gat slopchl vilenpeian e thieséikptexerprdsitbl e 10
to secure a phase margin with the gain crossover frequency and to

const 2 ut 8ckUs{opl BeRBad s PEpBRitREScohtte ddyEbERRNESr 2 ESitamakeshs

combi nes the disturbance estimatjon signal after filteri fi.lter signal
o The BhcrtkhaEans Eneotaat tatere Priche 2 Shuspatsdy Gl emrensz, ")

th by 15 d dr i [ t te the disturb ted
on t he. actiB: o Sband A1t £ hEoutastr BAACa oottt i b SPpRATSRnES &
correct |y (gstimatady o BY, 010 e ach uplor, Jeans o o D6 fiead liging the
drive signal, TT7's pOSS|5Te to stagly nega &7 A A St U bance such as a pi vot

bear i ng FLielipBy ABaALASTLCOICe R0MNq,A0 HOSLLI 81 4RLPC, XS et iR the

i i

actuator nmeans. That Is, It 1s possible to conpensat e di sturbance

acti ngp onpbhe sags Hahalv iRARRe dhalLf O eadels idsdde frhacdpadd @l @fait he

di sturbance acting on the actuator neans is |large during follow ng

oper at i onclrowakd dAierd afgats thackoe i inpst POSSihte the2brstabygagentarol
positioning the head to the target track. Furthernore, even if the

resi st anceutghtieedf frbor e Wrics meahst.heAdteuabotvakapsnots twngadeby

resi stance fluctuation or 4 tenperature rise, it is possible to stably
control pesighkednohghdetiagadmeensheut & gesitiackcomhavlisignal i Haseski bl e
to inprove positioning accuracy against nore diverse conditional change. In
addi t i on, caswhhchf feetdr e ignp ¥ demprRidsicespr Bagneatused. 5 Thatpdssible to
substantially increase track density and to accel erate the enbodi nent of a
| ar gezféapééﬁ@r&ia@@esfeéitagétaeﬁamaﬁng. for embimakingdie MHILHNUAHEE he

disadvanta%es . the present invention takes the follow ng, neasures. The
the disturbance is provided. The disturbance estimation means

receives a voltage sighal, which is obtained by detecting the
voltage induced in driving the actuator means by voltage

detectionmeans, and the drive signal or position control signal

2



10 di sturbance estimati on neans produces the di sturbance estimation signal
based on a signal obtained by multiplying the drive signal by kl1l, where kl
is a coefficient of a real nunber greater than |, and the voltage signal.
The correction neans conbi nes a signal obtained by multiplying the

di sturbance 15 estimation signal by 1/k2, where k2 is a coefficient of a
real nunber greater than 1, with the position control signal, and produces
a drive signal. By doing so, the change of open |loop gain fromthe position
error si gnat the dhe 188sh O b Fadk 8 SURRIASSRE é&%ﬁ@h'aﬁ%ﬁ
result, even if the resistance 20 value of the drive coil of the "actuator
means is ciangeitk s rthd e 4101 i8S i aicgh {1 Uustddid oD W sd Enperatalrend i se,
it is possible to stabilize the position control system In this case, if
the filterelrmenstd,scenpkoyead, esitinst poidichheghOratiéadhtaemd € priedecabl e
effect. 25 The present invention explained above will be described nore
concr et el yexeAxachenf thethsallvi i aeaasyltheltdiisk psteiade apparatemst by
according to the present invention conprises: actuator nmeans for

posi ti Bni mptadneRl whehmegssdedet 0f Hhsk didriumbanemserertedi winngthde
actuator neans in accordance with an input drive signal; voltage detection
neans for aftEGamgeansol t Aie JiRfuceRraCe Fdrdtachg ot heearsbbatiaahs, and

g vol t age signal s di sturbance estination peans for

f tputti !
eg[i (r)nl;t Plrjlgmlép%ﬁfg%ﬁd( uddy of thE diék%’?%%ﬁﬂféc%xe‘?%%’dn%ﬁl?%e fedd@trom tHee dri ve

i | d,.t | t i |,.and f duci di,sturb timti
STone 40 9 51l a0 Tolprodelng s 9L bnce et o
di st ur banceest%%ah#%r{ ol Qfaﬁasgﬁdokorei%%e‘}méﬂé‘gdgi{rél ts?t;cjniig%%! st tion

det ecti on Teans produci ng-a position error signal corrPeSponding to a

curre pas|dii f ad. rva ynf Lon hous) rded on
The. ik an decei S By he Hoad, 2oy s e Bt e AL A Sh e ror 1
signal ; poglitigRy eABtIA dBANREAL . PTPYNGING R PPRbLER icrpa_&&%nﬁ'&{@'_ _
corresponding to the position error signal, and for outputting the position
control sifalat ANche@dis €6t & WoriEANSod HIs i I Ni et B V9SS | | SR d Ol
signal with the filter signal to produce the drive signal, and for

out put ti ngvitdre ebriwehtsignel ar20£d¥t Bsthhstengshi ulsitomrbanlte drdivgy sd gnal

of the drive neans may be a signal inputted into the drive neans or a

si gnal outdiwstdoed ifmams headrposel signal gndhi s appe sest et eabtiéng skhevo
functions resulting fromthis first solving neans are as follows. The

di st ulPande fesmatdtidrodigeansedanreorréed Ign 2heecdi shntid tilseppaghbieade of the
di sturbance exerted on the actuator nmeans based on the drive signal applied
to the driCPruRsddy Btdmare ehe gt uddCareans, and the vol tage signal 6

detected fromthe actuyator ,gea s. Adi séur bance. related to the estination
is a di sturbanc¥e8EHFEE of sFBﬁéF.aF%r Tuctuations t 1R UG 1P 4 St t hat

it is possihle t rrectly estimate the magnitude of the disturhbance

exer tod ol HHE 8 atRRabor VEeanb Ll RO REPET VL S o ee ST AHEE Vi e
signal during _fallowng gperation for_allow ng the. head ta fallow up the
Carget {1 AR RaTe TEge AR 2t PRPT ORE LA RAICATY AUE T JtTO LY r om

t he agguat.ar. i | t .hd i i Vi ng. t r . This
Si gna?é,) uﬁ?%lﬁg%%%r%\r}{g%i %F\c%?ﬁaglggnhgogggg%r aeg&%)l)r{l’ pﬂ%{}glets |scdr)l_effe y, is a
continuoug ébﬂ@%l,s@fstt%ﬁn boheoht ghriseguency reampenedt s ofqtherdistdgdbance
estimation signal is cut off through the filter nmeans so as to negate the
di st ur bange efitrR0: SR heerasi vt akefRads , Ushdart e digtdr hanseasiddaati on
signal thus correctly estimated, the 15 resultant signal is conbined with
the posit beeconir @hespgBak iott pohtedlf sognhbbefposa theuwd gditoloneans to

t her eby produce the drive signal . By driving the actuator neans using the
drive si grdle distusbpossieslitdniad ishadl ynankgahe High dirstjurhapcenmexerdred on

t he actuator neans. That is, since it is possible to 20 conpensate the
di st uBbancd therdistunbdree astdantiomesihgnal Hes cut off by filter means

to thereby produce a filter signal. Thereafter, the position

control signal for the head position is combined with the filter



position control of the head toward the target track can be stable even if
the fluctuation of the disturbance during the follow ng operation for
allowing the head to follow up the target track is large. In particular
even if the resistance 25 value of the drive coil of the actuator neans is
changed by resistance fluctuation or tenperature rise, in particuylar, it is
possible to stably control positioning the head to the target 7 track.
That is, it is possible to inprove positioning accuracy agai nst nore

di verse cefidinadionalheatdigerohirifd SheSAMivig J1Rans Wil | be described as a
di sk storage apparatus control nmethod as follows. That is, the nethod 5
conprises the sBgpsOfconyioidigiingy,a POSi high €realiefc§NVonPRIM@HRONE Ng to
a current position of a head fromservo information previously recorded on
a di sk and rdefuecicde sbyi her hdath a Fiddiedi hgwappesiduton fonteqhefcgnate
corresponding to the position error signal; estimating a magnitude of a

di st ur bancatl0féxey ttete dn lttlke headsf r dihe hdighv érsggrakyotompenanos afeans
for positioning the head and froma voltage signal induced in driving the
act uat®r redens digtdighasdici el ster bapcenest | patpehtsdgndiromcuttieng of f
a high frequency conmponent of the disturbance estimation signal, and
produci ng d&SFCM%)@PCPSeﬂgﬁaF,lOBcﬁﬁﬂf}ﬂln@r?H@%éﬁctliU@ﬁdc%‘ﬁ‘HWlgﬂéh}illfw th
the filter signal, and producing the drive signal; and positioning the head
with respd®f £51Re5dPsR by Phe? dr¢Rlsi gD ThidSiNe St Vaagmfr at us
control nethﬁg ﬁan.exhibli tge sanme functions as stated abpve. 20 As the
second sol¥i FGenEahYe FRELIPEKERT of Aged bppdPeiie B OISR 8T Pr%sent

i nvention _coppr.i . .ac r ) r._positiqning.a head. with r.espect to
a di sk; dfci?)vgg?réggénf:gr%%‘?%g?%g? heo%%teﬁ[%teosrratlunr%a&:ggﬁdaﬁgel?Ni Q%séﬁjslienput
driveigi gnal soulLagplal ibl-alneans Ml (AGLeetbogofe KOk agthayluaed In 25
driving the actuator "neans, a for outputting a vo?tage signal ;” position
det ecti on tgeaRs kAl ROAUGRG 12 PRSI oS 1 &1 I ny WAl 1A Is8aRRding to a
current position of the head from servo 8 i nformation préviously recorded
on the di sk andcdeteetednbwmedhe hesthirdyl £RE aukputrbbRget R tR@stign error
signal; position control neans for producing a position control signal

cor r espon@iig@atlo dfeeposillicerniagr off sitgnal signdlf orwialk puhéi R A ik
position control signal; disturbance estimtion neans for estinmating a
magni t ude cohtaodi stignadnde cax ehteeghoa tiitbhe head rolomdans,veandadgdh exieggnal and
the position control signal, and for producing a disturbance estinmation

si gnal® f plroducesangifiore sdunahgs @Bl B ags tfe heechtyt coppore mxeofteche

di sturbance 10 estimation signal, and for outputting a filter signal; and
correct i orNrEARSsA¢BratRRINGANy WSHadpbBRt bRt ebpanet SitgHeatien Bicwalfi|ter
signal to produce the drive signal, _and for outputting the drive_signal

The funct itg‘h@ FRENFET hY tdMaAtRds sBYSHU ClYThE MEEMEt A% MERESaeE {5919 ows.

The di sturbance estipptign,neans can correctly estimte the magnitude of
the di ot UPBANCESEREr A GhiTRe® LEbtht of F rbarROTHME orf (e LAY V& %A hnal
applied tq the drive J h tu n age

si gnal def’ eézjt%H%é%%?%g%gc%%g%%yﬁ%gﬁgr%ﬁgr%,E%:%I?Iz’ %‘gr??%ﬁgﬁf\é@ft&

| MpOr4@Nt thah ihele1R08sLBLECk EOAT ! Ly CRLLORLS: LG, HBONITIAE 1f, { e
di sturbance exerted on the actuator neans fromthe drive signal and'the
vol tage signals Hyddig fedld OWAEhOPesad | ORe T Qi shB¥hRg hLBeihgadnt @ Heol | ow
up the target track. The reason is as follows. The voltage signal detected
fromthe 2ztagtbat HeaMBANS Therefdirdke samy ol f nfigs mal iedubesended ame he

di sk discretely, a continuous signal. After the high frequency conponent of
the di st ughaneeoAnceedditBid 0bnSitgRal adSuLtdr ofkahlr dughl shgef iduramgreans
so as to negate the disturbance exerted on the actuator neans using the

di st ur bancelésivimat oparst goaltddiisd cher eetbyt estdatat dd, i5hsosesnld ant

signal is conbined with the position control signal
25 stably control positioning the head to the target track.

Furthermore, even if the resistance value of the drive coil of

the actuator means is changed by resistance fluctuation or



5 outputted fromthe position control neans to thereby produce the drive
signal . By driving the actuator neans using the drive signal, it is

possi ble to stably negate the disturbance exerted on the actuator neans.
That is, it is possible to conpensate the disturbance exerted on the
actuator nmeans. Therefore, even 10 if the fluctuation of the disturbance
during the follow ng operation for allowng the head to follow up the
target track is large and even if the resistance value of the drive coil of
the act uattefmpEaisires reBanged iaCeokdi Blet o @SIILARERE FbUGS IRt i 1oh Dig
tenperature rise, it is possible to stably 15 control positioning the head
to the target hé¢adado tAbataroet ttack. padsdtblie, tix iBIFRE oS L bi i feve
accuracy agai nst nore diverse conditional change. The second sol vi ng neans
wi |l be descriithediagy acduskcyt agages appareatiyvecert cohdivei bodl ashfroje ows.
That is, the 20 nmethod conprises the steps of : producing a position error
si gnal coriregpdadiing t asaargfiant gesiulitdmaf ramhehds f irpr geenent nfiof mat i on
previously recorded on a di sk and detected by the head? producing a

posi ti Bn déntRIS i ighato conbakpahif by t SNERBABBSELRAGK Eensityi gigl ;to
estimating a magnitude of a disturbance 25 exerted on the head fromthe
position GEMEIGTadiSyHdle FRPL I aget sk gharFIEnFaPeg ity dLisK mf 3@t or
means for positioning the head, and producing a di sturbance estimtion 10

signal ;. cGEBATGIF a high frequency component of the disturbance

estimation signal, ' i1ter. .signal; 1.l pasition
control signal \%St hﬁl%gp%fﬁ{%%ﬂgi gﬁé ,éozlr}’dﬁﬁo%%i ﬁggggeaggﬁéggéi Scﬁ{aﬁ ; and
posi tioni he j rqﬁggﬁ% t h i t i sign Thi s
di sk stor gé£%%%érg%£g€i%§#ol met o&gg%nqg%ﬁﬁy%aqh2%§%%g§%hctigﬁgaas
stat eflpabeMet AD IR thidwdimal Mg RBANS, hbeqdek StaLageappaiaiis
according to the present invention conprises: actuator neans 10 for

posi ti oni RGtankReadsl nbBReda ba A sdighkl st yEndBISMOREigLLvhgdide
actuator nmeans in accordance with an input drive signal; voltage detection
means for cdetveckiiggad ¥9l kagwhieraduered d B doe¥ifngithe actaateyl mranssr and
for outputting a voltage signal; disturbance estimation neans for

esti mat i ngreategnithadel 15and haivetlurEig@nee gerér t ethencd e dieiash fiream a
signal obtained by nmultiplying the drive signal by k1l where k1l is a

coef fici esondfingsr eml shandeér optedned ttharmult ply inemthhe disituad@rgignal |
and for producing a disturbance estimation signal; position detection means
for pledusistdmaties sienadrbyrlékgnahere korregpenafhgcient ebird erfal
position of the head from seryo information previously recorded on the disk
and det ect¥EIEF FRE/ELdTNER LT oF 1 Bhit Pt (PR RN Frt i oh L sidgifal ;

position control neans,for pro ucigg 8 ﬁositiog'con%rol si gnal
stg

cor r espon&8 G UEE St Redpbes 5% o Bf SAndh%oF Sﬂ‘fgﬁu??i%er%lotor?e
position ntraql si | ;. and.correction. s, for, recejving .the posjition
control s;é%ﬁa %%D% t%ﬁ% P§ g%%ﬁn%grégt?ln}ﬁiggntésitg}h%lei}eac%rﬁﬁgsnjit%mg csalngnal
obt ai ned I i di b st I i . Dy 2,
optained By gukbLpLYLAGd B ), of slaibanes, e5tdvm Lon. b il die ki
PoSi 19N GaNLOlo i gRal dravir ediice dherdel versianal  nédds f 95 Qutpdd ng the
drive signal. 5 The functions resulting fromthis third solving neans are
as foll owgccoBegindesoties s ddifgiicens tasnt desenReddumg ricem the § i rst
solving neans, it 'is possible to suppress the change of open |oop gain from
t he posit ipoiseébiertsisgasl liaettite: peadt posiddnmurdlospetamal ITrsthee ddwe,dri ve
signal is applied to the

if the filter means is employed, it is possible to attain a more

preferable effect.
25 The present invention explained above will be described
more concretely.

As the first solving means, the disk storage apparatus



10 di sturbance estimation neans after being nultiplied by k1 (ki 1) and the
di sturbance estimation signal is applied to the correction neans after
being multiplied by 1/k2 (k2 1). As a result, even if the resistance val ue
of the drive coil of the actuator neans is changed according to resistance
fluctuation 15 or tenperature rise, it is possible to stabilize the
position control system That is, it is possible to inprove positioning
accuracy agai nst nore diverse conditional change. In this case, if the
filter meansHAHAeS Rhet Beebbhst { RPLNE DO "BARS ] SesSethehdeds ROJSI bl e to
obtain a nore preferable efrfect. 20 The third solving means wll be

descri bed fasy godiskontagagenapariathuseegBbrot o et ;a8 rf okl QuEns Tt 1S,

t he net hod conprises the steps of: producing a position error signal
correspondirmging aheuncenttpasimebas Oh acbeadaheonyser van i it edd e
previously recorded on a disk and detected by the 25 head; producing a
position cdmnedl;. vel gageé dedraEsiponuéeagstion Hetposihom gotbagsiigmalged
estimating a magni tude of a disturbance exerted on the head froma signa
obt ai ned by Wwlitviiployithe @&dniakerlneansy,grdld dfo mctuiaturt imsarss Yaoktage
positioning the head by k1, where k1l is a coefficient of a real nunber
greater t®BINRLIa¢HS FRBPRACY Sistdge tdiogreganhdoessinalring adradiel atdaiat or
means, and roducing?a di st urbance estimation signal; conbining a signal 5

obt ai ned AT T PRYPRRCE R RH QUPRaRbe BT fefIBA NS §haVens* 92%2 2there k2
is a coefficient of a real. nunbe reat er than W th the sition control
S gnal - artipTOUERTRS T b OB EPRh O S Bst F b HE Ehed adie S
respect tq.the.disk t he dri.ve si.gnal . i s.di sk.storage apparatu

Control meden To ERRCE AN PR Lan'd ahtF SePhe Pt heRty SBHSAT  he
four t § SOl R\ITERNS filie Cl S&s SLALANS, ADPARAT USaAGCILA 08 L0 NG Present

i nvention conprises: actuator neans Tor positioning a hea threspect to
a di sk; _(jrf'i\i%e'fe%@gxfmm;drﬁd’éiﬂﬂ&d"edé%e%&% ' 1Ps | 'fo%C(ﬁQfgé‘@E?n(}’N th an

i nput drive 15 signal; vol'tage detection neans for detecting a voltage

i nduced i Ro@hitMondetrRerast Hahor cHRA8SpoARHNE Of o Ot Pk #d Y b3kl g si gnal ;
position detection neans for producing a position error signal

corr espondineohé&£d & r&In Eentopiasi drimit iafn bhevhead 1§10 Sedd@ onnf BE NEitg loN
previously recorded on the di sk and detected 20 by the head, and for

out put ti ngndhéepestéd dy ehediesd grald, £posiuitput tciorg thk peahsidore yraaduci ng
a position control signal corresponding to the position error signal, and
f or ol putstligng 1t heo posi o eoncowtlroeass dioad srdistimpanpes esi omatdniirateans
for estimating a magnitude of a disturbance exerted on the head from 25 a
si gnal obgiddRed I9pIAGSHgsIdingg thetppspes bhliepnerbPrspgaarlpy akt issr e ki1
is a coefficient of a real nunber greater than 1, and fromthe voltage
signal, aRYTPOELENGdGERNGCg 8t SRuFBaRER! 1319N2kt 3R iCHF KEGniAn MgRdes
correctioggnean

f iving th iti , { i l d t.h
et o b andgTed ol nd 62 M {0 eBRP L AN Y L O h B £0F difiad yi ng
t he di st b ti tio i |.by 1/ k2. wh k2 i ffi.ci t of
oo S nOE B LR A SLORRL Dhntl Ky IlIBLE iRy S EafIRE iR O 2
real 5 nutb e B SFoRal°
oo 20 VERE LA L S U EhBS I, Shlohe 198Nl MM heds mav, |

Tagni tudeyQls el STUEHARCA £XESLeLL A 1LBeACKUALOL JRANS DARG @R he

position contr signal 10 outputte romthe position tontrol ‘nmeans so as
to be applriced ket Beidkl wegmrans tR{sdspyingst Reragtyator neans and the

vol tage signal detected fromthe actuator neans. It is possible to
correctly estinmahe fiure-tteghid redalefinghersh shusbanest exantied veahberact uat or
means fromthe position control signal and the 15 vol tage signal

parti cul anky fduriong .f orhewdigtapeaateorstamnaalbawmegnishe alne ad tredtdly ow up
the target track. The disturbance estimation signal is conbined with the
posi t2dn esntimalesitgrml maghputted offr onr¢ héiposirbrorec @ramiedreans tde as to
negat e the di sturbance exerted on the actuator nmeans using 20 the

di st ur banéetustioraneansshgpad armdde driaet bygasii appetdedt o ttHee eyl Visr oduce
the drive signal . By driving the actuator nmeans of the head using the
drive sighgpnsj {tq diossi Bhe aetyphpry Meagsre and Hist UphhAge &idedd on
the actuator nmeans . That is, it is possible to conpensate the disturbance
exerted on the 25 actuator neans. Therefore, even if the fluctuation of the
di sturbance is large during the followbfng operation for allow ng the head
to follow up the target track and even if the 14



resi stance value of the drive coil of the actuator neans is changed
according to resistance fluctuation or tenperature rise, it is possible to
stably control positioning the head to the target track. That is, it is
possible to inprove positioning 5 accuracy agai nst nore diverse conditional
change. The fourth solving nmeans w il be described as a di sk storage
apparatus control nethod as follows. That is, the nethod conprises the
steps of: producing a position error signal corresponding to a current
position efetkdiRAdfipAMISCE¥OUIQ ok B! | QNdPEEVLBHEEY JaGridedooma di sk
and detected by the head; producing a position control signal correspondi ng
to the posidtiaateidrorisignal stesbanesi egtamaagont vdgnafl . a Heirst, urikanice
exerted on the head froma signal obtained by multiplying the position
control sipgnalidwl eIy wheperkants thatoefiti cientpoafsidn1E5 tealcomderl gr eat er
than 1, and froma voltage signal induced in driving actuator neans for
posi ti oni g ttime teeatth e amdgpridddei nf atde stdirsttandanest | et 1ioed sognalhe
conbining a signal obtained by multiplying the disturbance estination

si gnal Sby afytkat ogh@eane firpry thgefdrisice i gifala arehlthrurisert agreeatiegnahan 20
1, with the position control signal, and producing the drive signals and
posi ti oni HYHRY heddowinre PRSpaELOPof e i d s tise hgRFVEC S W Uthi s

di sk storage apparatus control nethod, can gxg'bit t he sanme functions as
Stated abive CRPET TRl y TREHEAITSES S0t 4 hyoHRand MayobE a8 rbidat 25
with the third so]ving neans, . The second sol vi means nay.be, comnbi ned

W h the AR Sobt bR oAb e TRECEECaDF rar POR SRR Uars! Rt G o xt h
sol vi ng S, ectiye 1 . ift | vi an t he .di sk

st orage g%%%r aatéutgjsa;cog%r i énlést os{%leéafﬁie %‘F‘li" i H\%%g For‘?‘gggr?rxer;rlin:feosr:magcc Ukt or
Teansyhor ROYHANING AL MILRIEIRAY, LG & Al e JTRaRs [ or
driving the actuator neans i n accordance w th an 1 nput dri ve si gnal ;

vol tage detecti apiERans el 0 #LlreelfuRe Y WRIRGRNtNAHCeGd HiddWighddhe
actuator nmeans, and for outputting a voltage signal; disturbance estinmation

means for e%timmtiondsaghBANi § Wie: off fatHirshighbeme e iexait edapR theadeaad from
a signal obtained by nmultiplying the drive signal by k1, where kl is a
coeffici emiegh@eotha disturibmes Fegatee) ohhiite hetalad o agrhBeusy DL G age
signal, and for producing a disturbance estimation signal; position

det ect i on disdus beocepreduiciatg oa pasinalonhers aorsiegridly emtiesgeddi dd o a
current position of the head fromservo information previously recorded on
the digk aesudévedt edobylthe dBigmt wind tboe pospuionmpntwcbasianiadn error
signal; position control nmeans for producing a position control signal

cor r espon@Uaguts echd rpBisthEoROSE E &P sEgRar O dreR i ort @ utrral hdrashiqsosi ti on
control signal; and correction neans for receiving the position control

si gnal an&%Fh%rHY%tS&flﬁé&ce B¥Matiioht0e aGtaHor BEERS M 16KF Thed gy e
frequency conpgnent .of a signal, whi i S obtained.b |tiplying.th

5t ur banca SEBtr bt i'ane8p STt HPRB IV AiRTE ¢ S PP B Lok P B B | el
nunber great th 1 r ce filter si l, .conbinjng_t pQsi tion
cont rol si%glna heWi %ﬁt?%%})fi ﬁ‘te%r%gs'i gﬁ%at’t ol%’r oaggget hlgt gf% véog?ﬁg?&na? and
for o8 PUtlhanshe Athyey 2L 0Aband%ald It dh 30 ¥hBOadEARE Widdars, d9ReT | beC
as a disk storage apparatus control nethod as follows. That Is, the nethod

16 conphinags ibhe coheRS10hF RMRIUE:-R0 t3wReY kindn teii @t $r3RaAl can be
corresponding to a current position of a head fromsérvo information

previ ousl yrapger dednonratHe skl aoguset 66t e the tdiestheaskndy EUCINY the
position control signal corresponding to the 5 position error signal;
estimati ngod lawdhigt Wehe reft iardi fwrdaneei rexetiedneadt be Headowr ap arss gnal
obtained by nultiplying a drive signal of actuator neans for positioning
t he head hwurkt: wheek k& isrge codhf parentudbra eeah hfindiey rgrsdattemdehan 1
and froma voltage signal induced in driving the actuator means, and 10
pr odu2d ng valdesbdr harceresie watiilow fsitfpealac toattioimqeaffs & shiajanged by

resistance fluctuation or temperature rise, in particular, it

is possible to stably control positioning the head to the target



frequency conponent of a signal, which is obtained by nultiplying the

di sturbance estinmation signal by 1/k2, where k2 is a coefficient of a real
nunber greater than 1, and producing a filter signal; conbining the
position control signal with the 15 filter signal, and producing the drive
signal; and positioning the head with respect to the disk by the drive
signal. Further, as the sixth solving neans, the disk storage apparatus
according to the present invention conprises: actuator neans for

posi { i oni g heagnit Ly | e3Pechokaid 1@ obts gl Aid ¥8sTeaBA; hgladiiMd the
actuator means in accordance with an input drive Signal; vofPtage detection

neans for detiecd nbra Wliaae idguced dra1drdnd i@ t he actuat or means, and
for outputting a voltage signal; position detection neans for producing a

position error ghenglr<£oOEbespAGGidithd Vi8]l P& dEstr 25 PS4 HOB KAt dtheydead
fromservo information previously recorded on the di sk and detected by the
head, and afpparattyputdéomgrd hemposodii as efaldrowss .gnalhatposst | ahec ordylald means
for producing a 17 position control signal corresponding to the position
error 8i graimpramsesf crtheuspepsi rg:t erqobsiinoomn cpasiblosi gmalr diignalbance
estimation nmeans for estimating a nmagnitude of a disturbance exerted on the
head fromc®Igiegranddmdai tedabyru namtt ipdsd wigen hefpesikeah coamr lewsiqgnal by
k1, where k1 is a coefficient _of a real nunber greater than 1, and fromthe
vol t age siigf@IrMadAi®ry BreyiodgeyngCaCaret uphan e Sés BNAREeBACERGRY ;thdnd
correction nmeans fqr receiving the position control signal and the

di st ur ban&&385t PREFFGANEi RSN FAREBPE S Hidgh COFEGTRREGITE tBriihent of

i |, whi.ch i bt ai ned | t.i pl yi he di b . i i
s 5oL SRS PRL AR B, IR, LIS 8 Sl gL MU |

to preguc i | C I nj .t he Lti 'gpﬁ! i.th the
fiIte?gsigﬁgfgfg'%boghggﬁ%%% r.v§-§?5§%|§9§§élf§? %ﬁ?%% %?2% e:%ﬁ%ve 15
signal. T ixth A s Wyl le e desel as; i sk SitLa0e
apparatuseggﬁfé%?uﬁgiﬁ% a@? olﬁﬁas?rTﬁht is§i€§%ene%ﬁ8% coﬁbr?ggs {he
steps of : iQdWG NEha RESIJ4tUY ehEQhsS! R eobHRRARdI 29 it &Nt
position of a head fromservo 20 information previously recorded on a disk
and det ecteed iR ttibe, Beadalpr edueing afposi hign SIS cPidiid ottt @spondi ng
to the position error signal; estinmating a nagnitude of a disturbance
exerted orheheiiwatkddrie acst gnat i oht aiiged 1hy and tppdbyudpng ha Fasitddron
control signal by kl, where kl is a coefficient of a 25 real nunber greater
t han 15 amdghedm aomblinagg shenadsiitnicduc edbnitirodr svignglaet tiattdre fddrse f or

posi tioning the head, and producing a disturbance estination signal;
cutting ofstgaal, gind @ roducéngeity dedrponicanalof andgiapidl Lonimichhe fiegist ai ned
by mul tiplying the disturbance estimation signal by 1/ k2, where k2 is a
coef fi ci eMithfraspeal trukbedigiehy dmea REAVE, SEMP br odiidisngl 8% fSU&9ISsi gnal ;
conbining the position control signal with the 5 filter signal,, and
producingaPﬁ@r&FF§eQQQ$ﬁ§L @ﬁﬁp%éhﬁﬁqo%??bbiﬁetﬁ%aaaWFtﬁu%§§&€@F % t he

di sk by thg grive signal. The fifth and sixth sol ving neans have
syner gi st P&2&FFe@PSVeThat is, even if the change width of the resistance
val uey©f the driyve il ute.arge, it Ls_p i b 0 i nt

st abl 2eghead p05|EA igﬁ?nsge%%ﬁ rsocil%olvngzr %%aé’ﬁgérlcggn(ﬁ%‘( %r%%a&%%fp%ﬁgg%

Accor di ng hi.r.d | 0} Vi i fs d.Sepr £ t he
coeffici eﬁicgot&:??g dltﬁztgrgeﬁgé%gg n%ﬁs{e{éllg%%@?r?%m%%lp e_gso't hagérﬁ% By 0|Sng Sso,
in the subgtaptkalibhangf £mddnalicanrEsgatt e RO LkONAEORE MM arsd G tO
the drive current to thé actuator neans, conponents related to the

resi stancerialing ehetdiecdore 190hbcotdbheearitintaer iApadsdEave kA grlor ed.
Accordingly, even if the resistance value of the drive coil of the actuator
means 20 i®lehgRgedtkyties sleance frucltaldtdmgon tveilpenat Uneludese,int is
possible to sufficiently, stably control positioning the head to the target
t r ack2b Acdaridiing tiee bheubitpbgtmedns r dndrfdd dtthpsdtvhgg neadnsge siwmadl t he
drive signal out of the drive signal and the position 25 control signal is
appl i ed t poshéidinsdetbanten estdanmifoorpnednsing ta pospébarabl@r tsd ge@nst it ut e
the apparatus as follows . The disturbance estinmati on neans conpri ses:
conpar i sopoEgspohdinggto a current position of the head from servo



receiving the voltage signal detected by the voltage detection neans; first

mul tiplication neans for multiplying the drive signal or a signal obtained

by multiplying the drive signal by kl, by a coefficient consisting of a

first transfer function; 5 second nmultiplication nmeans for nultiplying an

out put of the conparison neans by a coefficient consisting of a second

transfer function; first integration nmeans for integrating the output of

t he conparison neans; and second integration neans for integrating a val ue

obtai ned by, RIMLACH BetiBuddgedkyal e 1O Ofe tcﬂ%_koélﬁﬁtget@cctt&fbg d

mul tiplication means and the output of the first integration nmeahs fromthe

out put of Heley,fiamet fdH buRblLedt hgNtABAPSs i BNEnt BEr EPNPAGH SDN PBRANS] di$

configured to conpare the voltage signal with the output of the second

i nt egr at i oS medith i o Wrudud riepPard Sidt dresadrit Adl tdhieyrldl second

mul tiplication means and the first integration neans. The functions

resul ti ng domrastdurglicensbi the ipos iarienasrirok| ©igna Thenouf putowfputheldg r st

mul tiplication neans which inputs the drive signal or a signal obtained by

mul ti pPyi deat besditiive spyhabl yidial heieeebandgs estivagdeneseanatfon

signal 20 corresponding to the drive torque acting on the actuation neans .

The out putesdimatd ngee dledn itk af icofdl fEnrBapee e e d eedBmc heaPdigam f or

t he voltaqﬁggkgnal inputted fromthe voltage detection neans. The output of
r

the conpa WHIETR o BRd e MO ity SR 158t videiahe arst tife
signal and the 25 feedpack el enent fromthe second integration neans, is
ool hed T @ ARBENS & A EATR FeiO AP 1o SlCdnd s B (O means.
The out put_of .the first i.ntegration means which 20 i nt egr.ates the

011 or enoS el i B v et maEs ity i £ B R o ¢ he

di st ughan rt. a r e b ut t: eca

mut 1 5 C R s T od by T (SEH g the dh M teoTiy o S

pr edet er m i SLERE F - } dde §s 9L stHrhance est LARY i AN si gnal .
The addedcegﬁﬁ%Qﬁngu%tr%cf%ﬁb§?gnﬂtﬁ%qg¥%€e?t%?qﬁe estlﬁhgﬁgﬂgsﬂgﬁé and
the resul tcpes faRRIHred i@ dihe S e danted alriqR Bl Aary esul t, the

di sturbance estinmation signal outputted fromthe first integration neans
corresponds:titithiec @heelr ik edignaat.e of the disturbance exerted on the
actuator neans. Further, using the disturbance estimation signal thus
correctly esti mihedfuheedohsr wasdltonyr dtomsth il seent@ s sloriasy tnearegat e

t he di sturbance exerted on the actuator neans . It is, therefore, possible
to colPensatecas foldiostsur bahe elimthinkprore eheimet baharealf oears mhadtiy
follow ng operation. Even if the fluctuation of the disturbance in the

act uat or wsddgate |eheemdanifgydeheff othewdigtopbeacicorexemite@ven ittha he
resi stance value of the drive coil of the actuator neans is changed

accor di ng A URESItsgARE PREBE AR i1dIF S Ve Fépadr 8PP 3ed o the sBssidl e to
20 stably contraol posjtionjng the head to the target track, and to inprove
posi 11 oni G260 tracy= BYfi AEE - RGFE24PTe MSE Eondi i oRaF FALAGES. AL ng to
the second, .fourth or sixth sqlving nmeans in_which.the positi.on.caontro

si gnal oufie(gfclt%ﬁg (foio\l}le té’iegr?a(:loc%og(n&[‘etaﬁ}és ‘po CEieon *Eorttr (ﬂarstll&]il%ariqél

appli t i st ce.estl i a it ref e stitute
t he a%gargg%g%ggnior$§%g.$$he£%?§%ﬁ$%§ﬂ%%nggyf%ﬁ?%gﬁlﬁéaégpéﬁﬁ%giggg% 21
conpari Sogy, %%dfe%frt‘?@{inB?rBQﬁcéé%%&%é?ﬂ”@ﬁe ekecked Hé’%ﬁQef%?d.tage
detection neans; first nultiplication neans for multiplying the position
control sigralgofvd hgighgnalandhigd k310Rkal @Q{:@CL myli i RhYif tdwe Rosi tion
control signal by k1, 5 by a coefficient consisting of a first transfer
function; cpeeard JRUEbEPL1 Ta iRy tHRARSaHOF o MU ¢} Yiphghan St refck.he
conpari son nmeans by a coefficient consisting of a second transfer function;
first intggeatéasoneanasfifslliswegr ahiengol begew jpyia otetkbetednpash e means;
and second integration neans 10 for integrating a val ue obtained by

subt ra&t i agtiladoautgans df, turel Sex sadvoulritfiignad@itdrone geadsdfarothe lve sdut put
of the first nultiplication means, and the conparison neans conpares the
vol t age sidgmsairewetlly,t lae contgnuonss she@nsdcond i ntegrati on neans, and outputs
a conparison result to the second nmultiplication 15 neans and the first

i ntegrati on neaf§teThéhpuRdohoAseassuryi sgmpedsnthicd &besdisfurkangse as
follows. The output of the first multiplication neans which inputs the
position control signal fromthe position control neans signal or a signal
obt ai ned by multiplying the position 2@ control signal by k1, becones a
drive torque estinmation signa



corresponding to the drive torque acting on the actuation neans . The

out put of the second integration neans becones a feedback el enent for the
vol tage signal inputted fromthe voltage detection neans. The output of the
conpari son neans whi ch 25 obtains the difference between the vol tage signal
and the feedback elenment fromthe second integration nmeans, is applied to
the first integration nmeans and the second nmultiplication 22 nmeans. The
output of the first integration neans which integrates the difference,
becones aeditdmarthanceigabings icrt sifgnshreoghesportdingt acbhe dbsisrdeance
exerted on the actuator neans. The output of the second multiplication
means obt akegedeStbhy dus tupbanar exlee tadidf bpriEne @ diyrad cpr rdeherus ivegl the
coefficient, is subtracted fromthe drive torque estinmation signal and the
resul t isdagplirbance eisdivesdon isigeglatihos wearsctdy sstéswltied,t Hde

di sturbance estimation signal outputted fromthe first integration neans
correspond§stdtens soppadétiacetingd ¥ish the Besiukdaren e sd@red t he
actuator means. Further, using the disturbance estinmation signal thus
correc? | y CSPUREEEd frPBeBhEoPRAE B eBNEPRIL P L Me 2 neh P P YaP s ussyat e

t he di sturbance, exerted._on the actuator neans .. It is, therefore, ,possible
to corrpenggtee Fhee aﬁgflﬁ‘rlbané% draviihg ohe AR REOFaP o M S st a GG
foll ow ng_operation., Even if e fluctuation of the. di sturbance in the
nctuat or FedRe T sTT AFGECREE PR Che FBt Y QU SHE SEBFatT Sn T HH Bodi T he
resi stancenvahue, of u L A5y dhd ¥ies COigh Gf itsheiéclélaﬂn%s{@fé'scdl t%o ’Pl%%q;ebl e to

according to resistance fluctuation or t’errperat ure rise, | possSi

20 stably cganif oy Posidd %&S%eef@n head dQ,d N6 kLBl tFREKe rER, & drTPr Ove
positioning accuracy. Besides, the addition of the first integration neans
and t{@ se¢orthemMitidthiaatdPnmegns Msehrbigcéi _&@hﬁg! ¥heg frraRs ikgaqui res,
is unnecessary. It is, therefore, possible to omt addition nmeans and to
thereby 25psiraRlibhy fobeaTDOGLnG UWHOMeddtbhesl180Cep Y tarddie track
above-stated invention, it is preferable that an estimation frequency of

t he di st uibabeeg@3and esidnalfi Ohe St @bd t i @slucAdidy ft bredd 51 v baicle o f
estimation neans is set at a value larger than a control frequency band of
t he posititbe centnetomeamsandheld untharoyesd r esuddndind r am t hesdlstweacar e as
follows. 5 To widen the control frequency band of the positioning control
syst em nedAy¥ctoatione®se prreppratwral rgaen. IHovievarosshelgatn Baabdy upper
limt_ by the sanpling frequency of the sector servo of the disk storage
appar E? usCEPtERE Panek pRiRBdHiNEad Festhaiee date§ienky ofhehel ictlirat or
means. In,contrast, the 10 disturbance estimation neans is not affected by
the sanpl i-fig RYERRICy TBf THRF W&t BPSSEHOBI0F AREFAKR sT97? HyRt afiPdfat us.

Accordinglg in the gLitUEb ncE %sgination nmeans, it is possible to set the
estinatioﬂ PFéaﬁeHSQ Badd"6f ChE"dFst ur bance estimation si gnal produced by

the disturbancepgst LuRLHQn s81%¥1he ?n%g isgfﬁrult [‘&‘é‘i @Q&fﬂ%cﬁ .O%Ff BEHISRCY band

of the positioning control syste a resu IS possible to nmake the

head corr ol h t oyer £hi c | sfre nc
g%!rxggag@g)\re( YR s %otrﬂcrerggb rid@da OYET £51 9885 Oﬂ“%‘gi éééo%ﬂ% y

bands. Further, ing tot ove-stated I nvention,

pref eg@bl gethal congidt S theegugncy s of ddiRidiidd £pbo¥RNDN Sr 86t salyna1val ue

smal l er than a control band of the poSition control neans. The functions
resul tingcbresspbhaiage @s & okhewentNgdrildion toerea itea f Euchuatkirdd i n the

resi stance value of the 25 drive coil of the actuator neans. In addition,
by conducthfigrmation previously recorded on a disk and detected by the
head; producing a position control signal corresponding to the
position error signal; estimating a magnitude of a disturbance
20 exerted on the head from the position control signal and a

voltage signal induced in driving actuator means for

positioning the head, and producing a disturbance estimation

10



a drive current to the drive coil, the drive coil is heated to raise
tenperature and the tenperature rise changes the 24 resi stance val ue.
Consequently, the change of the resistance value of the drive coil of the
actuat or nmeans makes the positioning control systemincluding the

di sturbance estimation nmeans unstable, with the result that the system5
oscillates with frequency near the control band of the position control
nmeans. To solve this disadvantage, the drive signal is produced based on

t he positisdneant r ebtsiggal ofor 4 hevikgad rResiikney aBdmpbgedtstalr bance
estimation signal. The high frequency conponent of the disturbance

esti mat i onlisitgirddlance estih@tabh byghhe, fddd eroeaisid a £fhetebys pyroduce a
filter signal. The position control signal for the head position is

conbi ned wianfritriendf itheeposighah ¢canthel ebygrerlodice the filtwver ssiggradl, I n
this case, if the cut-off frequency of the filter signal by the filter
means or o predosingabbeidries digmel it lhad pheitoaniol bhadhasd ofitithe
posi tion control neans, then the disturbance estimation signal having

hi gher9f r §§3OFEF Eonpdifeftis R thfe Tuoffignaueddy s SiGk HIIrage t he
filter means and not fed back to the positioning control system Therefore,
even if t ﬁé’pﬁéﬁtéksaﬁ(%lt\%lué“%tthqwec%fs)i GehEhi T glf‘et FeMgc ti&CSH PSS i s 20
changed according.to resistance fluctuation or tenperature rise, it is
possi bl e 5 a§F§b%ﬁ°§@'the position control system Furthernmore, according
to the above-stated, invention, it is preferable,that the actuator neans is
configured by agﬁ’eg%ngﬁ%rﬁa %%Yl?gig%?/saﬁ %h%ld's oStaqra}%easa[ppcﬁfea%}’gke of a
pair 25 of i.n i h e : 0S] her

t hr ough tﬁé¥@ggﬁpg,tgngﬂé %??gén%o??@%¢%§?%é¥ In %&%ggﬁg%ﬁg&%ES?%gng%rned
by t hgg persRNent i FRIAEH AN thd e WY RKESe sBBLL tHAls B sk ;AqCi (EURda @ Ng @

capacitor and a resistor connected in series, is connected to the drive
coil in parakliely theeatunatbensehfsULLT AEcHFQAMESI 31 @ EardSidld Wsive
Normal Iy, the drive coil which constitutes the actuator neans 5 contains
not only i@t AOLEa§e AR dihe &hs Foandé nduci AgcevedIpgsemdudadice t he
i nductance conponent is snmaller than the coil resistance, it is difficult
to accur atiel yirdensty tthiee az taiatow metaner, efaord. flour touEputtiimee a hve litediect ance
conponent is a derivative elenent, it tends to be affected by noise. As a
10 resul t sighatlhed comurlodndaedtéfiathendisang bances tagtd ety amaprdigides set

hi gh, the control system becones unstable due to the influence of this

i nducl@ncef Fhilkstesharee igkertddrion theihraddsianat hegrahtoiabed of t he
di sturbance estimation nmeans . Considering this disadvantage, the circuit
havi ng t hBUd&3RAVii8E tHeafgivResieBRstRY Eonhberedki nsear iceefifd demtect ed
to the drive coil_in parallel, whereby_ the influence of the inductance of
the driveCCoftl F8&ah BEWRET AIRART &0G¢™ e 2Bt PP pEMY YHerE0T SEgh set

hi gher than the control .band of. the,positiaoni.n aont rql stem..
result, i?nﬁs Sgsgfﬁﬁgcﬁggngkglfhgrﬁ % 825%5&F%%bf¥kr%%%ﬁaghlﬁ?ﬁ#%?#iarget
track ovep.hi.gher, coptral b?BE‘S ﬁréé‘uéﬁﬁéﬁ“é’”p%&éﬂ% CQnstdtutdion af a
circuit, I't Ts Unnecessary to take account of ‘the inductance conponent
Whi chog €0uibies sBibali AeC WA  cid-ddalp s he: VO t g€t Het RebboR rBRARS GAN be
simplified. Mreover, "according to the above-stated invention, it is 25

pr ef er abl enirBahatRencePeei $@51 ARd doRIdESh HHY d§9RNAd ad tketkbepdrtihee coi |
in parallel are set to have a capacitance value C and a resistance value r

as expresgeddhyakdl abRagdut gt { FRas h o s 0f 1 AP RId Matieyiaa ;Coload/iRddn and
r=Ra, respectively, wherein Ra is a resistance value of the drive coil. By

so settingpntlelcompaskt efonpedandecfigt he ipyeidaiee control signal
corresponding to the position error signal, and for outputting

26 the position control signal; and correction means for receiving

the position control signal and the disturbance estimation

signal, combining a signal obtained by multiplying the

11



of the drive coil and that of the parallel circuit becones 5 substantially
equal to the resistance of the drive coil, naking it possible to
equi val ently negate the inductance conponent of the drive coil.
Accordingly, even if there is a fluctuation in the inductance conponent
which tends to be affected by the noise because it is a derivative el enent,
it is possible to 10 stably inplenent positioning control w thout being

i nfluenced by the noise. As is obvious fromthe above explanation, the

position geRkhbarRaNsSst IMgt tbslsUlPANCEy asti, MO FEaRSs dJae iRt i on
nmeans, and the filter means, which are ¥he constituent elenments 15 of the

di sk stor ages appardiniser GR¥aberadr gungdHyhb YR 0Eo8 0 b Wainal
Additionally, as is evident fromthe above explanation, the conparison
means, theor egpetidevecimaul tirplrecatigaalpeans) fowd dbhepuespegt ke iduiegration
means, which are the constituent 20 el enments of the di sk storage apparatus,
may be byshgndware or software. Wile the present invention functions nost
advant ageously if being applied to a magnetic di sk storage apparatus, the
presem® inventi 8heiBinmrtiqnsriresdltdnghier eraghasi ehD5d giodi 1egoprades &3jsar at us
but can be applied to the other infornmation recordi ng apparatuses such as
an opti caﬁSdf%kl%%r adesEples BhasSamrifanradREE R DPHIPES L 23 bl btfed 3194 at us.

27 The foregping and ot her aspects, will becone apparatus fromthe
f ol I owi ng “EsEH LI Th-6rq RS enti b RARST RGN SPABRREE P RS Ot GRS wi th

h i i ng. fi .. 5 BRI EF. DESCRI PTI ON OF THE WNGS Fig 1
itseaagfgg’g%gegggﬁa%gﬁnoa?hal ?ﬁén?i%kh? i%‘?ﬁ‘:'a 1h TFE cﬁjsqpas]t &°a§g%§%§gt ulsgi n
the first [ j 1o t t_L tjon; H ' bl ock
i agr am sROMPaa Pt neC e aEon e R BT T8; st RUETCAP et e S e ™

systefp of gt B8 dL,5K 8t BLRYKRRBAT ALYSs after being multiplied by k; (k,

» 1) and the disturbance estimation signal is applied to the
correction means after being multiplied by 1/k, (k, » 1). As
a result, even if the resistance value of the drive coil of the
actuator means is changed according to resistance fluctuation

15 or temperature rise, it is possible to stabilize the position
control system. That is, it is possible to improve positioning
accuracy against more diverse conditional change. 1Inthis case,
if the filter means provided by the first solving means is used,
it is possible to obtain a more preferable effect.

20 The third solvingmeans will be described as a disk storage
apparatus control method as follows. That is, the method
comprises the steps of: producing a position error signal
corresponding to a current position of a head from servo
information previously recorded on a disk and detected by the

25 head; producing a position control signal corresponding to the
positon error signal; estimating a magnitude of a disturbance

exerted on the head froma signal obtained by multiplying a drive

12



in the first enbodi nent according to the present invention; Fig. 3Ais a

bl ock di agram for explaining the disturbance estination operation of the

di sturbance estinmati on neans of the disk storage apparatus in the first
enbodi ment according to the 15 present invention, Fig. 3B is a block

di agram obt ai ned by equivalently transform ng the bl ock diagramof Fig. 3A
and Fig. 3Cis a block diagramcollectively expressing the bl ock diagram of
Fig . 3A;, Fig. 4Ais a block diagram for explaining an operation 20 of

i nhi bi ti ngigyndilsbdr haboetexeandatk Aot besditsknihor age leppanat us, ivhdhe first
enbodi mrent according to the present invention, and Fig. 4B is a bl ock

di agr am ol ai sesl dne B ivaiterdi v treadshambemrggrbetblotkani Agraml ofrdm g. 4A;
Fig. 5is a cut-off frequency characteristic graph for 25 the disturbance
exerted or tvied tdigsk ssitamedgel raysadatios duivting ftilyss ta adrdeddimergarescadi ng t o
the present invention, Fig. 6A is a waveformchart of the fluctuation of
the 28 dredudasce @kxefishanae 19t dialid an rigge lappambindnang signal

di sturpance estinmation signal outputted fromthe di sturbance estipmation
means Wi t RREEHES btyomtlilﬁépnléféﬁangéeiﬁl%ﬁ‘éﬂf’?’?‘é? FOURR PR SR HiING to

t he preseg; invention, Fig. 6B i§,a.5 maéﬁforn1c art of a drive cyrrent
with respediet o"fFHe FedSoRsEOPATACEERE Qhef er Tt HIURTY LHHRAL Tsth i on

[ | tt f the disturb timati S i tted int
Corroct| o AR KRE PROG CABc RAEF STt RECHTEt ahih BOTTHECTON T g™ s not
[ tted i t-h 1 i g ] f Q t of
LT ack orr ORI FLSHBEE aorg raepanad Thch kate®hard e Wl Whance

estimati oj o gRakeOut pHbE ed Fy amdihg Q%é&%@%ﬁﬁa%%h%&?&@?%&ﬂoﬁ
inputted into the corfection nmeans to negate the fluctuation of the

di stur@anegn kixhiblA ithed SRR 19N aGhaaaleRf ia¥dve.vi ew of the 15 open
| oop of a positioning control systemin a case where the disturbance

estimation neangsothéheodi Sk S310fiage mappar,atts diskherdidgd appeadivmnt
according to the present invention takes account of the inductance of a
drive coi laccandiifiog to7Bhespaebertueneynt bophasep chesactarisdt@r weam s
corresponding to Fig. 20 7A; Fig. 8A is a frequency gain characteristic
vi ew of tHeropesikoopind a hpesd wildhi ngspentriod asydisém dnidecesansiierre t he
di sturbance estimation nmeans of the disk storage apparatus in the first
enbodi mendragdauadithg Botubgopr B€ens (NvRECPHAARORSW RN it iraked sudoimt of
t he i nductance of the drive coil, and Fig. 8B is a frequency to phase
char at® er iS4ONE lvi 694 B9 SGF6RdILNG 1O TS JorgAetogt ingiagvobtage dnquaad t
configuration view of a capacitor and a resjstance connected in parallel to
the dri Veléloplrl(yflntghéh& tuator means, and for outputting a voltage

signal; position detection means for producing a position error
signal corresponding to a current position of the head from
servo information previously recorded on the disk and detected
20 by the head, and for outputting the position error signal;
position control means for producing a position control signal
corresponding to the position error signal, and for outputting
the position control signal; disturbance estimation means for
estimating a magnitude of a disturbance exerted on the head from
25 a signal obtained by multiplying the position control signal
by k,, where k, is a coefficient of a real number greater than

1, and from the voltage signal, and for producing a disturbance

13



storage apparatus in the first enbodi nent according to the present
invention; 5 Fig. 10 is a bl ock diagram show ng the changed parts of the

di sturbance estinmati on neans of the disk storage apparatus in the first
enbodi nent according to the present invention; Fig. 11A is a frequency gain
characteristic view of the open |oop of the positioning control system of
the di sk storage 10 apparatus in the first enbodi nent according to the
present invention in a case where a filter is not inserted between the

out put of ddienlitsitdH bagea ESt hABL i RANSANRLA NS EBPUL Rk itNe LCOrfect i on
means (indicated by a solid line) and in a case where the disturbance

estimati opowmaisrdesatrol 4 ibdiea Reeduttie ofi sthebbhdanduetianeeodfsidreadrive
coil (indicated by a broken line) , and Fig. 11B is a frequency phase

char act er icstnibd ndirgw & os T @s@pbndbbhgihed Fbg. mhlAi pRiydngl 2 hes dil gt uetkartieagr am
showi ng the configuration of a disk storage apparatus in the second

enbodi nentesddawrtdiony stign2d bliel pkaseherienkents encoBifdicl8nisod &lmomkl

di agram showi ng the whol e configuration of the positioning control system
of theSdi shmbregr ajeeadvartiars 1n vhehsehengoeibognmesntacdorsdiong it ¢a he
present invention; Fig. 14 is a block di agram show ng the configuration of
25 a di sk PosiuEGe tAppdfF hY @ $idhalhe 2R A Fr RN tReMa gé@o@mv@ gignae
present inventiagn;  Fi 5 is .a block djiagramshow ng the whol e

configuration BHlthg’%gjc%é%ittiu&ﬁioﬁg BB IR BF T LB 4PRRSATT age
apper 2t s L LIELALT] Stedenh accordl o Lo dlieopLeReplaimention Mo
oSt L1 on %, SHCRL ELETAIS BRTRa O 21116 R LSS LASS oL, L e
meanshn %@%ﬁd@ﬂé@ from the position control means so as to be applied
to the drive means for driving the actuator means and the voltage
signal detected from the actuator means. It is possible to
correctly estimate the magnitude of the disturbance exerted on
the actuator means from the position control signal and the
15 voltage signal particularly during following operation for
allowing the head to follow up the target track. The
disturbance estimation signal is combined with the position
control signal outputted from the position control means so as
to negate the disturbance exerted on the actuator means using
20 the disturbance estimation signal thus correctly estimated, to
thereby produce the drive signal. Bydriving the actuator means
of the head using the drive signal, it is possible to stably
negate the disturbance exerted on the actuator means. That is,
it is possible to compensate the disturbance exerted on the
25 actuator means. Therefore, even if the fluctuation of the
disturbance is large during the following operation for

allowing the head to follow up the target track and even if the

14



enbodi nent according to the present invention, and Fig. 16B is a frequency
phase characteristic view corresponding to Fig. 16A;, 10 Fig. 17A is a bl ock
di agram showi ng t he whol e configuration of the positioning control system
of the disk storage apparatus in the third enbodi nent according to the
present invention, Fig. 17B is a bl ock diagram obtai ned by equivalently
transformng the block diagramof Fig. 17A, and 15 Fig. 17C is a bl ock

di agram showi ng t he changed parts of the positioning control systemin a

case wher e de g8 hanek W uddladiie HdiMe $Oidhd $Aa &M Aedits the
nom nal value; Fig. 18 is a re-drawn bl ock diagram of the configuration of

the di sk sinemeel apparatug toRtdsidndd rihettibkidnesbedinpent t 80 a6, di ng
to the present invention; Fig. 19 is a re-drawn bl ock diagram of the whol e

confi gur atiitod soposhebfesitbi snebfycooht pblsyss e ¢frigg e ofad heo ditsk
storage apparatus in the third enbodi nent according to the present
i nventi on;ta2yeli graz®.i sThablioek idi agr ersshbwengot trep cove ippaidticomninof a
di sk storage apparatus in the fourth enbodi nent according to the present
i nvent Ponac®urady ggainsts mens ki edissyrcamdsiiowingg tdhengdsol e confi gurati on
of the positioning control systemof the disk storage apparatus in the
fourth embodi meAtCadedrditng 1y ite Bradsenti}hviedt FBACrEPgd 28 ias H k- drawn
bl ock dia%ran1of the configuration 5 of the diskéitoragegggganatus ( Fig

[

14 ) in t RETR%Y RFTR Nt CACH i AR A8 pPESENE i n gy B 23 is
Cont ol -SSR PR PLETE St REell G ORI B s ThEFReT (PR
embod! Ment IGEAAN 0 48 LIS RLEISN o IWEN OBy B Ghold k2o RN,

i agr am showi ng “the "configuration 0 i 'SK Sforage apparatus in an

mbodi . whi_ch s oAt . e !
coor Hing Fe At iRl pRaURL0aT, BB hOR o [ 0i8hahll A EDRR T e
showi ng t e eonbigunat hgn ebsa tdibskestPra0e RRRAN abYS5BoAR BLEL RN

which is a conbination

position error signal; estimating a magnitude of a disturbance
exerted on the head from a signal obtained by multiplying the
position control signal by k;, where k; is a coefficient of a
15 real number greater than 1, and from a voltage signal induced
in driving actuator means for positioning the head, and
producing a disturbance estimation signal; combining a signal
obtained by multiplying the disturbance estimation signal by
1/k,, where k, is a coefficient of a real number greater than
20 1, with the position control signal, and producing the drive
signal; and positioning the head with respect to the disk by
the drive signal. This disk storage apparatus control method

can exhibit the same functions as stated above.
Alternatively, the first solving means may be combined
25 with the third solving means. The second solving means may be

combined with the fourth solving means. These combination

means are fifth and sixth solving means, respectively.
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of the second and fourth enbodi nents according to the present invention. In
all these figures, |ike conponents are indicated by 20 the sanme nunerals.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Wth reference to the
drawi ngs, concrete enbodi nents of a di sk storage apparatus and a di sk
storage apparatus control 25 method according to the present invention wll
be explained hereinafter in detail. It is noted that conponents having the
sanme functions are denoted by the sane reference nunerals, respectively. 32
First Enbodi menhsFthe #ifshasdlvikg dha@tiam Shovd gk tie e iagiaatdtors of an
exanpl e of a disk storage apparatus of the present invention in the first
enbodi nentbccbhbrdink go thet beesemerahvdnt hoh cadngsr Bs awgrettva i s kngapisat ed by
a spindle notor (not shown) ; the nuneral 2, a nagnetic head for

recor di ngfeeppoditingidgta Hemrd whéhdrekpéct ana & be shungr ale 3neams &iom whi ch
noves the head 2 to a target track on the disk 1 by pivoting the head 2
nmount ed odriNéngnghendcthathes means 10 agovndercdadrimgr inphe umisveal 5
indicates a drive coil provided on the rear end of the arm3; and the
numer @ 65 18natat 6?1 i3k 6F ties tiRncRe N frdgiede T oC b granent t g daduasst
shown) is arranged on the surface opposite ta the drive coil 5. The stator

6 consi st ¢ PRESEER ADGafCteRTtRIpARANST GPfodiote OPGPEEE1RGd VIt IES t he
, th b - ti d s fixed t t | 1 f the yokes. Th
Pnber act i 9nOBETMRGTE | TP HAgRBEF TP RN G R B T CHE SHonaE Brhianged on
th t at 6 d. th tic.figl th t nd d
hrougn +RE Bt UerPe Exss Rl EhaMTE BBor Bbs 404 Fnl PR

71CE carpRRRVINY ol SESOD GURED By RS L e e

drive coi at or nune 10 I'ndi cat’es drive neans: and

the nygrergle 1leoyol i @S H&1RLHON tHRANS . 2MBT ERoh S dIGIJIdGdd Bilgheadr i ve
means 10, detects a voltage generated across the drive coil™ 5, and 25

out puts aaval Fagepsodinalingda Thetdwsahak batinditGahesidnstiyr aRGe ion
estimati on nmeans which estinmates a disturbance torque id exerted on the arm

3 from t hgevektage sSingafik Efoputpridesimy tde podittage defreeid ogigeans 11
and froma drive signal a as an input of the drive neans 10, and outputs a
di st ur bancerd@spshidimati aw | gnatrefdesies X posi ¢ f ohhsi ppatl dfrotmheetvack,

whi ch has been previously recorded as servo information on respective

sect ors ofinfhemditdknlprévieeaty e cordeldean the Pbsktdnghddseetedopy md@ns 13
detects a current position of the head 2 fromthe 33 posi tion signal read
by thtd hehgad, and pevdercerubt pasithoagitoion error signal; position

control means for producing a position control signal
corresponding to the position error signal, and for ocutputting
the position control signal; and correction means for receiving
the position control signal and the disturbance estimation
20 signal, cutting off a high frequency component of a signal,
which is obtained by multiplying the disturbance estimation
signal by 1/k,, where k, is a coefficient of a real number greater
than 1, to produce a filter signal, combining the position
control signal with the filter signal to produce the drive

256 signal, and for outputting the drive signal.
The fifth solvingmeans will be described as a disk storage

apparatus control method as follows. That is, the method
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signal a indicating a difference froma target position r of the target
track. Position control neans 14 receives the position error signal a
produced by the position detection nmeans 5 13, anplifies and phase
conpensates the signal, and produces a position control signal c. The
nuneral 16 indicates filter neans which cuts off high frequency conponents
of the disturbance estimation signal idest applied fromthe disturbance
estimation means 12 to correction 10 nmeans 15 and whi ch does not output the
hi gh frequengy GREPANANt StéPst BE : CHURRIHINYG Papss1bish asrbe Hpidi ze a
positioning control system The filter nmeans 16 outputs a filter signal f
obt ai ned Ry reispongiofhf tdeahicgh derequsseyt comperent shéa@mrkbBa destwy bance
estimation signal idest~ to the correction neans 15 15. The nuneral 15

i ndi cat es inferaartrient pepvieanidywhécbrdededves dilké& padi débactedtspltisd gnal ¢
fromthe position control neans 14 and the filter signal f fromthe filter
means 16. hEhe;cpredecing arpand tibnpeofivoras i gwrlr eotrirenpoonpuyat ¢ e and
then 20 outputs the drive signal a to the drive nmeans 10. The drive neans
10 i s @onbiogdtd@nseEhot Hatgnal ic epddeps 1agde imagncidrudpfl a dis tttrdaddeve coi |
5 in response to the inputted drive signal u, pivots the arm 3 about the
bearing 4°¥§ricceti &re hRAdfrona pygﬁagégottw%aﬁ o lpited oA dHe'S op end
of the arm.25 i, nd positions, with high accuracy, the head 2 to the

t arget tr &R Por Prgda% UFGe¥ dﬂ‘ﬁaﬂsaél?erPgﬁE%oPﬁnSr%%? RS &dokdl M&G Sduce

data on the disk 1. ing Fig.. 2, the operation of th osj tianj control
syst em of “¢ he® df 408 ché%éltag’&alaafﬁgfi Brf‘hgrf‘”%?t%ﬁb@b%}hefm aﬁb{ ﬁl"lm be
expl ai ned _herei.nafter. Fi.g.. i_s a.hl i_agr. i t he ol e

conf 1 gur afi S8 SR oEn g EBEIL HEREE Cant Fat vy Gt e s Rea Bragad

appar g us .| i LSk i t it : ur j -
singlg@doprgﬁgpgn%i%é&}%@gﬁgéﬁ§%éﬂ?ﬁgﬁﬁéi?g%éégﬁgékeggegﬁg %%%Pﬂ?ﬁéﬁ%e
estimati on B8ARS Y2 cSBbhehtY of ROTLiigRa47 Synieynded Wiy & ngye- dot
chain line in the“figure is a block of correction neans 15. A portion 55
surroundeghuwctib1§isighghe- dektahBhAcki BetiRathenf EOyhe1i By al pkockineref the
vol tage detection neans 11. In Fig. 2, the synbol s indicates Lapl ace
operator. kl, Ask goeZfibaokdtel LaRrdSl hymbbe gvygddmghah 1t,hend eatoaluciergvo are
omtted to sinplify the explanation. In Fig. 2, expressing the current
track posatfohteetdégned ;10oblyinhegdedp@sasirn ddret poilsstigonlevitn tdhiegnal a
Wth respect to the target track position r is expressed by fornula 1,

whi chlposifiilérresionati gl paodycoboat redrdiveastonpar st powtitdleningal so
referred to as "conparison nmeans") 20. 15 e=r-x (1) The position control
nmeans 14 &Rpr 8s3ddvwBhareseert2to fhei gisk Byplthes dgigegsianadi| ter
processing of a_transfer function Gx (zé to the position error signal a
out putted from BBTERBT cofPaFiBofisth FPOYLBESMERESpoSPEi G SKoRERER IS gna

, d t put it toth ti 15 ] db bl k 47. Th
bosi 11 oni AHPEEAERS! RCTETTS dibl T8 WPERe S hor i S B IS Lo EFBE L58%d t he

transfer function of the.positian contral , means. can_be, expres by
Formil & 270950 SR Gea 5P Heq AL S IR, 1 FECL 08PPI

Symboso 2- &y 04! f8LES o ONESAY EnlehBKua8BY A08,8YID0lodRt d il Lahes, a

proportional ‘gain o e positioning 30 control system coefficients
ad, ai 1ndhcahBueonsl aBLSi §R41 EXPAS BSSdd It QAU nhad achelletlelct inign Whi ch

t he coeffiC|en§uad is a derivative coefficient, while the coefficient al is
an 35 a voltage induced in driving the actuator means, and for
outputting a voltage signal; position detection means for
producing a position error signal corresponding to a current
20 position of the head from servo information previously recorded

on the disk and detected by the head, and for outputting the

position error signal; position control means for producing a
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integral coefficient. The position control signal c¢ passes through an adder
46, and becones the drive signal u. The drive signal a is converted from
the voltage signal to a gmtinme current signal at the drive nmeans 10 of a
bl ock 22 (the transfer 5 function is gn), where the drive current lais
outputted. In the actuator 7 expressed by a block 23, the drive ¢urrent la
is converted by a transfer function Kt to the drive torque t by an
interaction between the magnetic field produced by the drive current Ia and
the aboveygmtiiedmarat iss dlauX fr A cHiiHANY the HRISL e dr@ansfer
function Kt is a torque constant of the actuator 7. A transfer function
(Lb/J s) efigaabl,ocknd4 fxpresspstaihbansier peharacher Eshteolir amddig drive
torque i exerted on the arm3 to a noving velocity v of the head 2. Here,

t he synboldiktiurthatatee & saimaneohi acanBefibroést heaat ny3a mangh 1thedd o Bynbol Lb
i ndicates a distance fromthe bearing 4 of the arm3 to the head 2. A bl ock
25 i ndi catdéstarrbiamcegretartdhdchths aksol riefar redstignas ‘domeegealt itgn
means"), where the transfer function is expressed by 1/s, and the noving
vel oci by Wit iy imsadhe posddrivsr contirelt 1vd oy & kir agkeposki ilgh . 20
In the actuator 7, a block 26 outputs an induced voltage Ea generated
across t h€ogfitieignitl of apiea haupgeatoie bt r thanakt aBedrrom thRiE tR 9 ock 27
out puts a voltage dro Ra+La.s) la generated by the conduction_ of the

Gri e cur et e Gt ARLra Peot 1048 L LARA TR BAESTE CAB S HEPA boIHDe Va
of the actuator 25 7 bg aqging t he Lnduged voLtaqﬁ}and thz voltage drop to
each ot heFCat S5 1Q48Y 238 .+ o e Ve }i)%lpaoﬁjbtﬁs SOPEIEP bt #dh 3¢ as

fol |l ows: =~ a-E- + . ) =~ a. a3 0 rel
|l cat es 05 155 Eir e g SRk oF Puanabi s tang pht ot S e oy
i nduc{@nc driev i . ISt yrdb . rm.3 such
as a %)lélvo? og%otn%glgap ifng % (rllgjtr:ltai&ién'e)(l)qtEl c’?‘hg Sa(;%{% &%tlggcgib%;%“%g]tggjtlyc}%gﬁrtcrﬂg of an
FPC connegfiishg i3 RCt 88l QL+ YoMidilyrn S{éelc 0N fe 4 kCUlst 5 Roareti ARt an
inertia force received by the actuator ué’to shock or vibration exerted
on the di gl st eeagenapparafusatepomble DUtSh der &l Deraxyressemhaas a form
inputted into the front stage of the block 24 at a conparator 29. The

porti on S5%oabinhdwgdedewobbigishngbetdol shahal |wieh i thdify 1t shkawsalhe
detail of the voltage detection neans 11, which block 55 includes a bl ock
39 havi ngtohexaiwd ransf éritd bugobilon aasl tfiat ofitphet bhgckh27 dmicleuded i n
the actuator 7, and a subtracter 36. The bl ock 39 outputs voltage drop
(Ran+lansphignafli.ch is generated by conducting the drive current la to the
drive coil 5, and outputs the drive signal Ed by subtracting the voltage
drop fromthe t&pfiviaitlvepiages roans vill be dricmiRAd 2SRRI S W ract er
36. The portion 30 surrounded with a single-dot chain |ine n Fig. 2 shows
the det af POBE FE~ESdi G in dB BRRF ndf | G s 12038hi £ bEBEK MEERRE! udes

a bl ock 32 havi.n t@ same transfer function as that,of the blaock Z%has t he
drive neafs™®6°5% 351 S0°B3 R Viﬁ&oﬁﬁg3§%n§t?%ﬁ%?%?nfﬁﬁéPFoﬁ%ﬁgat at of

t he bl ock t .actuyator 7 o] havi th nsf
function gé%f%gpogﬁlgﬁeq%?o%kcgfﬁegkd%gxgﬁﬁé 3§9h§vﬁﬁ§ hggé§n§e§%§hsfer
functé®n £t - 6 I r l: t.h pL i 8Y i [ S0
refer%gd ?gfgg%b§gppi%??gggﬁg%gn%%%§f§é%f§?éﬁgéﬁkiéﬁ?éﬁ£§%é€§b#ﬁ@%h%
conbi nat i g0 ;sil@dugwﬁ&égp@@@ighec&h@f& 3 nEhecamég_bna%gn@é Gales a
first integrator and 447 indi cates a second nﬁﬁtlpller. he second

i ntegrat 0pod2 tionCOPFbBWRFhADY; tBeisarkhaal niyrafc ddieokl ek s34 rachdehe

bl ock 35. Here, respective constants with the suffix "n" in the block 30
i ndi cat e aa@irftad 30 viabuessd Ardbnvar sabhes wbthihde Syffu e iEsiing ndiecat e
estimtes. The drive signal a inputted into the block 22 is also inputted
into the bbeikidd constoilusiggail hleydkst whisarcd, ess | avataeoif inelaarst X aand a
mul tiplication of gm.Ktn tines the 37 drive signal a in the block 32 and
t he b2®ckrealcausksrt resuee thavd t anguérest & lagsigrmial deduged he
drive torque i exerted on the arm3 to be obtained. In Fig. 2, a velocity
esti mat i oANsighkYingsacitaagerpuieass 5 foronpehiet bPwbkd 34hel nhed@ds bladek 35,
an induced vol tage estination signal, Eaest obtained by increasing the

vel oci ty B§PPAHAENGNa ST Pl rRassge thém'attli%§lig§ailﬁp9t11¥§éln9n‘?%f @ &dighar at or
37 and is conpared with the voltage signal Ed actually detected. A
resultant deviation signal a (=Eaest-Ea) is inputted into the 10 first
integrator 43 and the second multiplie¥844. The first integrator 43
integrates the deviation signal a by g2 tinmes, and outputs a di sturbance
estimation signal idest for disturbance.



The deviation signal a is inputted into the second multiplier 44, and
increased by gl tines, and then added to an adder 38. 15 The output of the
adder 38 is inputted into a subtracter 31, where a resultant value 'y
obtai ned by subtracting the output of the adder 38 fromthe drive torque
estimation signal Test outputted fromthe block 33 is outputted to the
bl ock 34. A coefficient gl of the second multiplier 44 and a 20 coefficient
g2 of the first integrator 43 are constants for stabilizing the operation
of the di $trdipRACE esbnBBhEAR NBANS: 12;dha detaliknhof 1 whigh ddq bey
described later. I'n Fig. 2, a block 54 i's a block diagramof the filter
means 16. mihe iblytiely mBensitbuexpnessedtbmathenbkogkaddbguby Ryt svndxd he
di sturbance estinmation signal idest outputted fromthe di sturbance
estimati ok, 1BangokZ ficianti ¢f errgronenbengy¥ateet tAasflgr afdpatdduting s)
generates a filter signal f, and outputs the filter signal f to the
correcti onm fiehbsr E5 gevgdrreserdibyng hzhedbposk t4dn ddwet tohissbher 1f wichitdre of t he
filter means 16 can be 30 expressed by forrmula 4: F(s) - 1. . . . . ~4)
1+TX ~& 3&ilteereigmxli miidaresuaingneheshsitvntsighaa; fand @osdid omirand a
filter | ow pass cut-off frequency fX hold the follow ng relationship: 5

2 ~ fhel hepidgwith Fespgcs itR wWhicc Kithe by [ther Ailggals igniad -out put t ed
fromthe fiIterTREans 16 to the correction neans 15 js shown. 10 The filter

of the bl ock 54 tio- idthapPPz & 0 0Pt UL PO RhePBRi SYEFLG Skt r ol
Wi ch wi | TECGESCr TBRH Tat VT A frehe ShOgopl biRth P eurFodRIdd s &
bl ook 45 VAARAUGS TH% NG E0F B0t Fon moMe LIS heHucke BScBPPRLbTan W6 anal
havi i & ARBAETSHS oot vl ot BES el PR e T Sy PR B Rl 0

by i ncreagiag.bheydibshugbance estimation 20 signal idest by 1/ (gm Ktn)
times. The correctyi on signal (3 is added to the position control signal c

at an adder 46. aMEbhaigEerenedet aphir®t éfh@tk@p%ﬁﬂﬁ)ﬂ RbahBe dicstiy bance
estimation neans 12 of the block 30 will be explained hereinatter. 25 Fig.

3A is a bbeekeddgeathabtindedelfy ichangisng, bhel R] agk 36t aflnkgr eduaand
shows the transfer fromthe input of the drive signal a to the output of
t he di st utbareehestheat.i on signal idest Fig. 3B is a block diagram obt ai ned
in the block diagramof Fig. 3A by transfer noving equivalently the input
posi tldn (at thBy3@otogpaeatinm 3% sfostentvict dgmrs fgralf uibdt itdre feiop
transform ng the block diagramof Fig. 3A Here, to sinplify the
expl anat i 6he RFLI 1Y COR&I Ol hl g L& ogh @ friNe GroeknRLoj thegeinatern he
val ue
means, components related to the resistance value of the drive
coil of the actuator means can be ignored. Accordingly, even
i1f the resistance value of the drive coil of the actuator means
20 1is changed by resistance fluctuation or temperature rise, it
is possible to sufficiently, stably control positioning the
head to the target track.
According to the first, third or fifth solving means in
which the drive signal out of the drive signal and the position
25 control signal is applied to the disturbance estimation means,
it is preferable to constitute the apparatus as follows. The

disturbance estimation means comprises: comparison means for

19



39 gm- of the block 32 in Fig. 2 as shown in the followng formula, the
drive current la (=gnu) is considered to be equal to the estinmation current
laeSc (-gm'u) gnu - gmm . . . . 6 ) By increasing the nmagnitude of the
vol tage signal Ed by (J~ s) / (Lbn K'n) tinmes, the input position of the
conparator 37 of Fig. 3A can be equivalently nove to the input pesition of
10 a subtracter 48 shown in Fig. 3B. Noting the subtracter 48 of Fig. 3B,
the value 8 as the output of the subtracter 48 is expressed as shown in

fornula 7ret2i&ikgntRe VoIt d@signal ddded&PBd ' b KiReHRE L ad® RItgdifan t he
formula 7, assuming that there exists a relationship as shown in fornulas 8
and 9 as mdaals;candisti amdti20iBatioRameans. for mul@ipllyidg thaNdrive . ( 0
) 25 Noting the subtracter 36 and substituting the fornula (3) , the

vol t age sisdgaklEdris saxymads sbdabyetihey fral Itovd Ingi rfptimel dri0e Ehnravay Ran +
lan ' S~la Ea + |IRa + La ' s)la - Ran '~ han' s~la . . . . . ( 10 ) = Ea
30 Then, ot iy & lieeddmsdeattoroR® i sandat hé bl Hickst 24 aarrf €26 4@ ctioh Fi g. 2,
there exists a relationship as shown in the fornmula 11: Ea-Lb' Kv~K~.1Q_zd~
..... § 11pegondompptéplissuaPRgneans r 8patMohsHr bgirtiovh duFHwr mfi &8e12 and
13 as ideal conditions, and substituting the fornulas 10, 6, and 7 in the
formul a 7COMRETEEPRUMEATS| OVt AaRSPELAEACRS SRORA SLANChE T 8r #ECANE4: 10
Kt-Kth . . . . 2 Ln' Kv. Lb""Kv" ...., (13) J J", 15 s=.~d . N (
14 ) s = E&a*f*ﬁgﬁ&i %‘%n%%o%lf&é?sé' %a%t?%aBbPéd‘t‘gad“fs fRE IR ERI 489 s
equal to thﬁ dkstgr?gnce id exerted on Ihecﬁrn13. Therefore, determning a
transfer PUMEHoR™f rdm YA 2D W3t Trdanc e %5&5%4%%95?%5? TS HES the

f“hzt ?g?%??ﬁ@&&?}é@ﬂ'@iag@giué At s TP UGS Ak d 5 PREA D85S a30wn 1N

10 of the output of the second multiplication means and the output
of the first integration means from the output of the first
multiplication means, and the comparison means is configured

to compare the voltage signal with the output of the second
integration means, and to output a comparison result to the

15 second multiplication means and the first integration means.
The functions resulting from this constitution are as

follows. The output of the first multiplication means which
inputs the drive signal or a signal obtained by multiplying the
drive signal by k,, becomes a drive torque estimation signal

20 corresponding to the drive torque acting on the actuation means.
The output of the second integration means becomes a feedback
element for the voltage signal inputted from the voltage
detection means. The output of the comparison means which
obtains the difference between the voltage signal and the

20 feedback element from the second integration means, is applied

to the first integration means and the second multiplication

means. The output of the first integration means which

20



L" " K" ' gz ZdesJ - L L. z~. . . . 153" ~ () Sz+ fn 'K~"'g~~s+ Jn
~K~"~8~z 41 Lbn , Kvn ~ g2 zdest = Lbn J~~ Lbn ~ Td sz+ ~Kvn~gl ~s+
~Kvn~g2 Jn Jn Fromthe forrmula 15, the disturbance estimation neans 12 5 10
i s understood that the actual disturbance td can be estimated in a
secondary del ay systemfromthe drive signal a and the voltage signal Ed by
the loop in the block 30 surrounded with a single-dot chain line of Fig. 2.
Here, expressing the natural angular frequency (estimated angul ar

frequency)i nekgirBe cgeedRdan ¥ fdelenteSy plerdns W AnRd b ndmiisid facter as So
the constants gl and g2 to stabilize the operation of the disturbance

estimati o igpanscd2r &s ok Pi¢dethdyiitshe rivenlcene Rgr £ 64 i B8e M tand ok’
respectively: gl-2~0'~0O Jn ..... (16) Lbn ' Kvn 15 20 25 gz =~0z' Jn .
(17) mean's.Kvbhd @Zpwz pfnthdreeddnchmbtietéplietting mdwen @ siotrained
angul ar frequency W at a val ue higher than a position control band fc and
sel ect i ngbyhsudanplngngachodiff Senas Dy7a tdraigfe dindw ctiedtiiirdiamds i d
such as a pivot bearing friction, an elastic force and an inertia force can
be cor? ectllsya@%fwﬁ@tb@ewsc%hﬁfﬁ%%‘éh@été%lmfi@n meagsad@ed Mednks or mi ng
the fornmula 15 by the use of the fornulas 16 and 17, the follow ng formula
18 is obt aﬁnéabtzecteg from@%&smvszigrqe@wst%me*;/lgnz%lgnal and thejg~ ~2
/C~es~ S 2 + % g g é
result is applle to the secon integration means.
As a result, the disturbance estimation signal outputted
from the first integration means corresponds to the correct
10 estimate of the disturbance exerted on the actuator means.
Further, using the disturbance estimation signal thus correctly
estimated, feed-forward control is implemented so as to negate
the disturbance exerted on the actuator means. It is, therefore,
possible to compensate the disturbance acting on the actuator
15 means during following operation. Even i1f the fluctuation of
the disturbance in the actuator means is large during the
following operation, and even if the resistance value of the
drive coil of the actuator means is changed according to
resistance fluctuation or temperature rise, it is possible to
20 stably control positioning the head to the target track, and
to improve positioning accuracy against more diverse
conditional changes.
According to the second, fourth or sixth solving means
in which the position control signal out of the drive signal
25 and the position control signal is applied to the disturbance

estimation means, it is preferable to constitute the apparatus

as follows. The disturbance estimation means comprises:
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That is, the block diagramof the disturbance estimation neans 12 of Fig.
3A can be sinplified as showmn in a block 52 5 of Fig. 3C. Wth reference to
Fig. 4, the operation of the correction neans 15 shown in the block 47 will
be explained in detail hereinafter, on the assunption that the transfer
function F(s) of the filter nmeans 16 is 1 to sinplify the explanation. This
10 corresponds to the operation of the positioning control systemwth a
basic configuration in which the filter neans 16 is not provided between
the di st uebapeei8shi MB&hONFIR ATl id thBevEDF 58614 Dh AR RS ke dTBE bl OCK
47 of a portion surrounded with a single-dot 15 chain |line of Fig.

i ndi cat esthbevdetagk dbttheiearmeehkpnfieansmidtiphechkoek #Adaadt guts the
correction signal (3 obtained by increasing the disturbance estinmation
signal idmsitbhpliinfghhekbojitiomscerncidie sidgesrl 46 tHeatsiighalhy wihicheasi ng
t he di sturbance estimation signal Zdest by 1/ (gm.Ktn) tines, the

correcti ohssbghained BB mulduipladino thek poshé 1att gandrol gearadtley akidri ve
force having a magni tude equivalent to the di sturbance estimation signal
idest s butqu@eégi@éenhc@th oFarfiest trpaséerrbandloroni gralnd3 is
increased gmkKtn tinmes by the bl ocks_ 22 and 23, so that the disturbance

esti mati ofUsFgRALCTHESE M82pPelPEUBPYELREYERSeBN28VEPUEGRE. KPB) tines to
mat ch t he nagnitude wi th each other.,CbncIuding,the above expl anation, it
can be saf@mPALLSPReMBPER B¥ofafeeLppar&PhsCBR L REINPr 8F BnBEAPRENt s
configured_su t hat t.he di sturbance estination _signal. idest_ .i.s e to be
Cvort o oRrEHE sk Mind o] RS RANEc SR I L BOR it A IB R e, ue
to a pivo i i C iaai f at , I, i of FPC
connect i néu?§g£a§?u%]§%ré %)%S%Ibn%e (e}%-: r ()a‘r?]{dcé&c%&ftﬁgtg %&jﬁgrﬂl .R%%?’ ia

forc ex e -act (4 o] J i I op«t he

di Skef;Q[ orggg g?)tga %%ﬁlsﬁ?r%%tagﬁg 85?2?8%3 ggd%%ﬁéf%(%%eé&%@gutt%%ti gfa bl ock

di agram ophai 88doRY @&f&@i@&ﬁ&m&éﬁ&mﬁ&@ eyt ot heeCerpatat or
29, and the block 24 relating the operation of the correction neans 15.

Fig. 4B iguatbboekadiagragnhp, WahahthBecohphyibancrebsexenpadegnthhe
conparator 29 and the one exerted on a block 52 are integrated into one 10

di st ur banceltdge Gimraaient s hheve Bgthe sanh e sacbhan rae=ddwasieor methe, bl ock
diagramof Fig. 2 are indicated by the sanme synbols to omt a duplicated
expl anat i and outphes bd ookl Rigg@am s Hity.tdAhet becbhdckub2ipdiequiival ent to
the block 52 of Fig. 3C, and has a transfer function expressed 15 by the
formAda 1Bearhepnfiokke fioAtFigtedBatipe @esnarbance td exerted on the arm
3 fromthe outside can be considered to be exerted through a filter
expressed by a Thanffectiemet Tepubiindel FORnbRaS 190BALLRBtARAA2EBSPEI ONi ng

(19) 52 SHehioe” “dhap e o o rigsh By IHAELGcadotoRRas, aEchy-C-
U anst et GhCFoh ke S5 GTONSRE 5 XIS FOTRICL 1808 4 o FURA || ne
25,2007 OXGIBLL o 1T D S GRANOREY FRRRSE Sl U RESLEn
20 control signal by k;, becomes a drive torque estimation signal
corresponding to the drive torque acting on the actuation means.
The output of the second integration means becomes a feedback
element for the voltage signal inputted from the voltage
detection means. The output of the comparison means which
25 obtains the difference between the voltage signal and the

feedback element from the second integration means, is applied

to the first integration means and the second multiplication

22



| ower than the angul ar frequency coo, the gain is 0 dB or less, and as the
angul ar frequency w drops, the gain is danped at a danping ratio of -20
dB/ decade. The decade neans ten tines. That is, fromFig. 5 transfer
function Gd(s) has a |ow frequency 5 cut-off filter characteristic capable
of inhibiting a frequency |ower than the angular frequency wo. That is, the
di sk storage apparatus of the first enbodi nent is configured such that even
when the disturbance id due to a pivot bearing friction, an elastic force,
an inerti aeb@sf.or cener duiedd keri sexert edron dtheydtnch hbgndi inirdance id
is estimated by the disturbance estimation neans 12, and controlled in a
manner to inegatredeshehd stidifeareed,d ex@ntead o IBti® 01 icde Mdth drhe
di sturbance estinmation signal Tdest~ Therefore, the disturbance id exerted
fromthe euigsiadecactsspsndbngfta tiee diistturdbeamee ederseéxer tkd admaugir a
filter having the cut-off frequency characteristic of the fornula 19 and
Fi g. 5 onmeReshealihpomitpwniofgtemeaindpeilédpliveteborreans obtfaigmency
| ower than the angular frequency wo, the first-order |ow frequency cut-off
20 cha?actar YL EéPedanpnbR®idi fffpr adics @wbar&@%m@xm%ﬁcbiqu%d@aﬁmg
friction of the actuator 7, an elastic force of FPC connecting the actuator
7 with aniél sebesartedi Feanttostd veakorqee: patiBrEésnestyRal Wi the
actuator 7 by_a shock qr, vibration exerted on the di sk storage apparatus
fromthe GStsél&e,lsaﬁ@pﬁH@dZ N itb@ SEreRd dPtEGER SN "8 3r ati on or a
shock is applie parat us .to.cause the_ disturbance. id t%gg% xerted
roa

h
on the act uatorg‘%gtrtﬁg%&%gt Ba et‘i]f&aalréceegtsﬁﬁr%é&oﬁysJt%réa%lio R
estimation ARAAS 14, r%’{!]‘j' 16t allied &n%a%s”%%’}% sﬁ%n’a%gaéoedchtehecfo?&etct

di sturbance 1'd ‘exerte romthe outside, so that there 1s an effect as if
the digk $LenageR ARRANMAISI StV dede ¥ thed BRCRARI Gok u\ic B at{QnRdr 0of
mechani sm Figs. 6Ato 6C are tinme response waveformviews for 45 .
expl ai ni nguhe et sidfhanee ddt idd e bt epbc 9bnthie st HnbanGe Lstiymat i on
means 12 of the disk storage apparatus in the first” enbodi nent in nore

detail. Fiegti®AtshowseadvayefofMdrht(xsdiows Dipldgeht okeyd bkngd neeftd he
di sturbance id due to an inertia force exerted on the actuator 7 and a

wavef or m GReaiidthershsdaiehantedest t natticamasiognadat slestI tous puhicad flay e, he

di sturbance estimati on nmeans 12 when a hal f-si ne wave-shaped rotational
shock wi t potsise biext ourcmpes at e adoelddisdatirbandwosdt inf &00he aditar/togect i s
exerted on 10 the disk storage apparatus fromthe outside. Expressing an

i nertl@a nowens duaboat fohkoweay iarerptofont he Exenuafothg Heratuatiiprewd, t he
maxi mum val ue of the disturbance td becones as follows: zdmax -'I ' dt~ .

. ( 2the) distomdhance chi dbe TaChERtor~meags 155 HeRBYC s@RE&PPngche

val ues of an_estimation frequency fo (w=2~cfo) and a danping factor So for
ot or i i AGLAGREPG) OBATAIBOLr < 08 PHEM bf i aciors SNy Tl e (0 1,
respectivel and setting,the control band of th ositioning.contral
system 20%5¥L,V§0(5: : %i:si%ﬁ’ﬁl aaﬁcto%%oaré Pedh® pert oc'ranr% J< h%cﬁf)gfiﬁpgar?(?e
estimatio i h J ance rgque. pd. t he

act uat or ?egﬁgﬁépéé §?§ég8é?gﬁé18%q%%&#%%ilnpu%qg ’thg h?ﬁ%%&%géﬁgtfb and

25 ou bt § T haYar S OF BanEa” et PRar P of 51 ral T deet SubSkant ATy S 1 ar to
the act uak 0] b HsPAMSE ithoditRUEBcArhELL | erds B Selta)e 84HSESon of the
first integration means and the second multiplication means
which the first solving means requires, is unnecessary. It is,
therefore, possible to omit addition means and to thereby
25 simplify the constitution.

Further, according to the above-stated invention, it is

preferable that an estimation frequency of the disturbance

23



Fig. 6B shows a waveform 64 of the drive current Ta when the disturbance
estimation signal idest has been exerted on the 46 actuator 7 in a manner
that the disturbance estinmation signal tdesc outputted by the disturbance
estimation nmeans 12 is inputted into the correction neans 15 to negate a
fluctuation due to the disturbance td and shows a sinulation result of a
waveform 63 5 of the drive current |Ia when the disturbance estimation
signal tdest is not inputted into the correction neans 15. The torque
constant Kist@haltienast 48 Piorbduce2BbgWhE i Mburdahve & ohamt bemd=eeor ded
on the disk 1 has been recorded on the disk in a discrete condition having
a certai nisaspki 8g 40/gleue Addhrgar tthath theoheadl ppséthOncgighed 45 vhed a
continuous signal. Therefore, the position control signal c¢c of the position
control npasstiénf contrpllemernisng di gital processing is changed into a
step-shaped one. As a result, the waveformof the drive current la of the
actuator 7 whenThhefdhstupbantesabtésyi hathonhsigrave iadestas Foldtowsnputt ed
into the correction neans 15 becones the sane waveformas that of the
posi tidn Eenvidendilghalongrodofraguenpe RFEVE LS Pl e PeHangati nhicong rol
st ep-shaped one as shown in the waveform 63 of Fig. 6B (la=gnm~c=gm~u) . The
wavef or m 6¥SEP™ RR2DF MR 1RGFPEAE RECRAT tHenat9fdtor HOWREARTY hehe@ain
di sturbance estimation, signal jdest has been inputted nto the correction

ﬁ% QG hE e S BaRGU=BSY I Fath

means 15 PESpOEREES by addA¥nhRe REMR S baRar Gn° ST RISt d&st  of
t he di sturbance %stinaégon means 1% to t@e %%nt%3I si%nag ﬁ OE tqe posi tion
control nmians"t4 6§ktﬁ E6P9Pe EPPER &S 1§, soOREAEEnECERE &glay t her eof

Lg §?‘aSepZ%%%Pé?aé‘eT?sﬁQ?F@ bRafhe s %?%Qﬂ%%@%?Sifrﬁeéf%%frta%.eﬂgf“téf% i
rage af red _ o
R o U e kR N e s B A

i dest has rbegleA@yexertrd 98-thHe AL OF thd N KRR LdNAbER@tus .. _
di sturbance estinmation signal Tdest outputted by the di sturbance estinmation

means 12 phscoRBdhbed,i Ahothbedeethephhee BBaAmatlohomegg@ateia filuctuation
due to the disturbance, and shows a sinulation 47 result of a waveform 65
of the popbkkablertd®resitgrabsaimbenoh e adjisininblanne ofst haatiisam riveans 12 i S
not applied. Even when a hal f-sine wave-shaped rotational shock is exerted
on the di sktsmetage sipparhpusdhcetityhehedtisitdebarnfcet et tnst Lohaeca s5
estimation neans 12 is applied, the position error signal a is not largely
f | uctlfat eigbewn thanhéhgagensrmle6regoennkat beoApafedheoprrha twardhar m 65
when the di sturbance estimation neans 12 is not applied, the disturbance
i nhi bi ti n§oBEFeét SHakeBees MprePedt 10tAsSaPeesibte thdaksitha deage
apparatus of the firsﬁ enbodi nent correctly detects the disturbance due to
an inerti SOFBREELExEPLEQVOHPt hBCaLPUEEEr T¥ORY QVEIhPALIER GPRATSRock
exerted fr.omthe ouési e by the use of the disturbance estinmation neans 12
to al |l ow ATFRHERCH SPBESti on due to the disturbance to be 15 inhibited,
whereby the head 2 .is controlled at i C to be posjiti, to the
target track. TE%FE’?%Fé,a(f Oer(%lr%%%ongh%o%{;?gg g%%ﬁfgg %%‘g?r}ltg g%heloé;ﬁ%ck or
Vi brajg onoeapcbesh BPLEREN edy bler ehYLOREQW NG e TebiaRlli Ly Phekhe di sk
Bp 2 Igs. 7A

storage apparat us. _ and /Bare open | oop frequency _
character st G @WansNQWMehhRes tdaNsfar bhhem khen QRidiitan Lok riignal  a

to a head position x in the block diagramof the positioning control system
of the di gkagsQrage apparatus of the first enbodi nent shown in Fig. 2. As
can be understood fromthe gain 25 characteristic view of Fig. 7A, a gain
crossover frequeney ffunatidhavhireBullBengpefirdmophda nabecames foanowiss 800Hz
In addition, as can be understood fromthe phase characteristic view of

Fig. 7B, MWbthalhg, gaiereriagss ierctfuaguendy floe agiatanme gahudmi £hs0
degrees, thus constituting a stable head positioning control 30 system The
reasodb i sdasveotdblsef Iuhe hethladok B5ank .t hen \asldidgieometor coodumsanyg 11
surrounded with a single-dot chain line shown in Fig. 2, the block 39 with
t he vol t aged®dt v qUREreHtako shejdrivetadill \ihexprégsedot b obth@atach&ovol t age
drop 48 of a coil resistance Ran and a coil inductance Lan generated by
conduct i n§atfe dFreRCERFREAt AT t SPEhetBFPOEAEBIE SE1kRi KRG AVET offREl a 10,
the voltage signal Ed of the voltage detection nmeans 11 is the pure output
of a induced voltage Ea induced across 5 the drive coil 5 by the rotation
of the actuator 7. Actually, however, %4 nce the coil inductance Lan is

| ower than the coil resistance Ran, it is difficult to accurately configure
acircuit. Further, since Lans is a derivative elenent, it tends to be
particularly influenced by noise and



10 attention should be particularly taken to configure a circuit. Figs. 8A
and 8B are open | oop frequency characteristic views show ng the transfer
fromthe position error signal a to the head position x if only the voltage
drop of the coil resistance Ra" is considered anong those generated by
conducting 15 the drive current la to the drive coil 5 while ignoring the
vol tage drop of the coil inductance Lan in the block 39 included in the

vol tage detection nmeans 11 in the block diagram of the positioning control
system shawsiigtdrids valuAs | Sorbugeestiypmidergaige charRetard Ssdisnad ew of
Fig. 20 8A and the phase characteristic viewof Fig. 8B, if the coi

i nduct ancerdlale obft h@edrdveveocbid icf othét edtfuer-cx Muads cabikes ithd he

bl ock 39 included in the voltage detection neans 11, the head positioning
control systsarmiiomiingdi ngotheodi stysliamce Estiwdingn weans diXthedmares:
unstable. That is, as can be 25 understood fromthe gain characteristic

vi ew of Fiepti@atidre s crostovks, fwebuehby feswilth tWaitchHhehesyopieam | oop
gai n becones zero is 900 Hz and the phase at that time is a |ag phase from
-180 dégr &é8sild@tafavitRel tRAHIHY 893D EosRES luparaifet hemOSidi Qe drop
caused by the cqil inductance Lan included in 30 the drive coil 5 is
smal | er tRARHEdt MeRGSed B9 FREVROFPLF 31 33dvRRFEe, Hmwelierve thgndh m (Lan

| uded .i e .det ion ne is

i | uded i t.h | k 39 i th | t 1
o e bR B Se et A i st Bt G fre TP e s |
49 Fig. 2. .Th iti i . t | 1 ] \ in.Fi 2 X
st abl o PSSR | SREN SRR BV USRI, | Bigha) . 2 BREOTRAY |

fol | owi _ Lodri oo > om t e t
of L oot AR LU LIA PEP JRDE P 1nf SOAR RS SBPorer
det eciphon graps thk d9€8-Pfed i tUded NG, £ BHRANEGA! 5 ¢fi 1:RE £0i o] Ndugfance

Lan. Therefore, to stabilize the positioning control systeny the col

i nduct anceefi tlike dbh¥o0C0s1gPa ML DEHBBEE @ PosMal i ¥ Z8f9indd With 9
shows a circuit configuration to stabilize the positioning control system

in which ane FeUtérhaMmgl focapeced Piorodaité 8he st iStdkignadNNech athiid
series is connected to the drive coil 5 in parallel. In Fig. 9, a conposite
i npedance cézd,fif hdectuicto ff Haeiguenthe £apaciilreCsagdatl ey therfasitsdror r
connected in series is connected to the drive coil 5 in parallel is

expr essedmgansherf cbrowicigohomeaha 28.séh ldweef orlman a1 cdReiaildibeatces t he
coil resistance of the drive coil 5 and La indicates the inductance

Sel ecting the values of the resistor r and the caEacitor C as shown in
fornul as 22983d IRVingsgetdh®iel Jrezaehay t RRMPORATFA PRaRak e @¥praddsed by

f la 24. 25 r-Ra,. . . ... 2 - LZ .. . . . (23 -Ra .
oM ay HrREReSY P FHE PEFUbY Bt RELFES tednt Sndidhe wRmRK of ¢

whi ch congt %tutg tgf Ci£CUQ§W1Q% EQSEI%: 9 @%grs 1 at tQ%§e 5fs wn in

t he fornulas 2% An _%%, ?espec ivel y; R ‘conp STTe |nbe§hn3¢ Za gener at ed
across the. dilye cal lvaiu'els ogq:ﬁlle Qe €315 32Ce 1R A%.5828% LR e formula

24, so that the drive coi oes not equivalently include the col

LQS?ﬁg@nc%hkﬁgégg%é%fﬁfhg%6Jﬁﬂﬁﬂ&éﬂbé%gucguap¥oﬁQﬂﬁ@&ﬁﬁ@ﬂa%@?e%ﬁ%%git
it is possible to stabilize the position control system.
Furthermore, according to the above-stated invention, it
is preferable that the actuator means 1is configured by a
permanent magnet fixedly attached to at least one yoke of a pair
26 of yokes in a cavity of the pair of yokes opposite to each other

through the cavity, and a drive coil provided in a magnetic

cavity formed by the permanent magnet and the yokes, and that

25



10 the resistor r and the capacitor C connected in series, to the drive
coil 5in parallel, it suffices to consider only the voltage drop caused by
the coil resistance Ran generated by the conductance of the drive current
la to the drive coil 5 in the block 39 included in the voltage detection
means 11 in the block 15 diagram of the positioning control system shown in
Fig. 2, and to use a block 49 shown in Fig. 10 instead of the bl ock 39
included in the voltage detection neans 11 shown in Fig. 2. As a result, it
i s possi blect ocG ROy hheipsl trrgeadgtLebs98t BRashnldct®Y €nSddPlds, 20 In
Figs. 8A and 8B, waveforns indicated by dotted |lines are open | oop
frequency ichayoatieydest ites tMy &lrishowdine it ansfarn dr.om the position error
signal a to the head position x if the block 39 is replaced by the bl ock 99
shown in Fig. l@handfuficthensi rmasddl thayg nfrohe tless stake raanddhewsapaci t or
C, expressed 25 by the formulas 22 and 23, respectively, connected in
series i sNoomeddtyedtihe paiueledil oritild doineé itoitlesbtbe 4 dreuaicd natemn sy
across_the coil 5, in the block diagramof the positioning control system
of theddi slerndEginggeobspanatuse s tHecd cospoasbsdpwe @l sshanriidudtiance. As
can be understood fromFigs. 30 8A and 8B, the open |oop frequency

char act er icofPeReRte afiBsSE R dndsStamsseCeRBARCNE 1/ §lallgraklBanEhg n t he
above-nmenti gned expl anation, the stability of the positioning control
system i f CtOPer & SeSSSrande IRa i ¥ 50 agyHeted v r?(ﬂflftg?el&qtr? tthe

vol t age detectLg? gean§ 11 is equal ta the %pil resgstance Ra of the drive
coil 5 of HEVAE BAFFIFL - Burthiely gMaf &Ds tRALREATCECIWRPRER_d%and t he
transfer fu I F(s) filter ns.,16 i.s 1, is.shown. 5 However,

t he coil Feggékgggégéaeg%méﬁg’d%%J?ﬂgggﬁxﬁkg?aéﬁgcggﬁugyo?oﬁsﬁasd%;a

fluct I'@t i Qrés%fltr ef%%@ﬁ@n\f?#;?%%g%hﬁlé %lsiis%tlﬁ{%% c\éaéygiringt Egﬁ%ea S

fol | ow ng tenpe(ature.rlse after a drive current Tais carrred to the drive
coi | 5 10;healtt I @i ¥8eCQdnt3o1 TR/ e YRR ndi$160Idud &3 Sifnce Ra

of the 10 drive coil 5 of the actuator 7 is initially equal to a nom na
val ue Ranjinfheehesl daneeiyakHauetahbe. drirtvesCaids i ds thangedmby tihe
tenperature rise during the operation, with the result that the fornula 8
(Ra=Ran) iisicretsdalitsie edntlkblBgsl ol tAeaditls ddBanesy ekarineg tiinai ted es. by
solid lines 15 are open | oop frequency characteristics which show the
transfer Coowmiteeipgsitisdieadennshagealtlie torthetlead mpsheicapacitort he
coil resistance Ra of the drive coil 5 of the actuator 7 is not equal to

t he nb¥ri nahdvhheerd®iston aonmasiteck 1di sy bes dfs chengosiedi bai e contweol
system shown in Fig. 2. 20 In a sinulation, the conponent of a coi

i nduct anc€ciianinsparpiied, i vhenebyl ek Boflueneriedf ithe Hedusitaage @t ecti on
means 11, and frequency characteristics if the coil resistance Ra of the
drive coi ths 8FivRecatt FRDHP Sildmigaged RNt haccor daansd ddekerty 5 o
i s obtained ile the circuit having the resistor r _and 25 the .capacitor c
Connect edCrR Ber 6L SHBURR crif hetl ByCPhaE 6 br Hiids 052 i £98 114 ibiect ed

in parallel to the ipve cpil_. (Fig.,.9). . That iLs,. can be understoaod from
the gain CRAFSCTerYEEPES, By B osta T Tk, eneoSai Aer GRdoues T imdinty 1 c

wi LN 91 CBOLARCRGNEL DO, 97 th%%eﬁgé?Fg%vezzggrigég:r’b%oﬁ@réf% d Fig.

11B, phase at that tine Is approxi ( ecause o
I nsuffi ci gRtyIASERTRA A the CREsEARLEAbnSYE EM FSu NS URD] £ unPce ety the
significance of providing the filter nmeans 16 between the di sturbance

esti mati oRoNERRS akZoand dheHeok haGEt SAcERMM e khibe ﬁ@‘%ﬂt@@%i_g‘hﬂ t he
di sk storage apparatus in the first enbodinment 5 shown in Fig. 2, if the

di sturbanaeceshicypts®Bhat gl volesge adtadtiemth hegns dae e stivpharded.
estimation nmeans 12 is applied to the positioning control systemas it is

t hrough t he corKeetbosr readsoddi ndhitbet hdekenid-stesieri ancenkaoaf itdsdrive
coil 5 of the actuator 7 is not equal to the nom nal value Ran 10 the

posi tZ®ni pgefembbdk Syst emcbezpaest onstrabtbe ks isttaly toreethedposithieoni ng
control system therefore, the disturbance estinmation signal 'Ldest

out put t eddfigm chéldist pabahiel exre et dre s al Zapguidsdasd g ltuse Ol ock
30 in Fig. 2 is outputted to the correction neans 15 of the bl ock 47

t hrough t ABAf f| ¥epifBARSS18218e0f BhecHPBERSED. Y He=ka(Rar meghg=Re.
conducts filter processing as expressed by the transfer function F (s ) of
the fornmulas 4 and 5, produces a filter signal f, and inputs the filter
signal into the correction nmeans 15. Tfat is, the high frequency conponents
20 higher in frequency than the filter | ow pass cut-off frequency fx are
cut off by the filter means 16. As a result, the high frequency conponents
of the disturbance estinmation signal idest outputted fromthe disturbance
estimation nmeans 12 are not equivalently outputted to the correction neans

~ - — - M ~ - o o o A~ 1.



In Figs. 11A and 11B, wave forns indicated by dotted |lines are open | oop
frequency characteristics which show the transfer fromthe position error
signal a to the head position x if the disturbance estimation signal idest
outputted fromthe 5 di sturbance estimation nmeans 12 is outputted to the
correction neans 15 of the bl ock 47 through the filter neans 16 of the

bl ock 54, in the bl ock diagram of the positioning control system of the

di sk storage apparatus in the first enbodi ment shown in Fig. 2. 10 In a

si nul ati onyr hpggeNeMtenes aCIe! il Cond frIrle Ebgb@Etkgwlgf;lS@h&yéiﬂfﬁa
frequency fx IS set at 400 Hz in the bl ock 54 showing thé'filter means 16,
and the caqid ar esStsaneRRaafud g dHeveGeid & iaf. the actuator 7 is higher
than the nom nal val ue Ran by 5% As can be understood fromthe gain
characteristic By woeyeofimyg.thElAoripdhe igal Ampedasaees £ |t ieuetiesddicam t h
whi ch the open | oop gain becones zero is 500 Hz . In addition, as can be
under st oo ff ridra tdhel yrhasel thamdctkeat sbfctheewash lBied. citBuiw tdeddmeggai n
crossover frequency fc, the phase margin 6n is 40 degrees, thus

const i ®ut iswgpsa agitdlslld yhedda pdsi therier) stomeobf2the yistiann cahat nakiry
inserting the filter nmeans 16 _between the output of the disturbance

esti mat i od tnBahgikde dir echd vieAgut Lof nedat e direéndyr trpgrscamponent of

possi bl e t%ﬁztabilize, he ﬁositioning contro] _system even if the coi

r esi st ancéRa 9 VE5 CPRe - dr fGeCEIRILY i YRR LEtIRR 1 i% HHlCiiot o the
nom nal val ue, Ran due , to the change of the resjstance value by th

resi st ance™f Ebgt HRFREhaBFS t SHPRPAT U é”kflicg%.t E}PsPes“{‘ %%‘@‘ée%d%‘éﬁﬁ\%s of

the first eng%dggent expl.ai,ned %$ove i,S _confi ur%g s%ph that t.he drive

signal a Bloutpufﬁggeffgwﬁfhg e&&ﬁé}%%ﬁ;%lﬁpﬁﬁtédlas1€n59§ﬁ 5 Fﬁbut

ot footd can B0 Lg: FAPRERUAG R A JRARROIRAN. A2 P LRt i3 Renaf ™™™

drive neaps 1@c.outputted fromthe block 54 ~ 22 instead of the drive signal
a i s used. “Second Enmbodinent Fig. 12 is a bl ock di agram show ng t he
configuration ofs5;8 BONELECEHbmkt19¢ HRGR: aPRArALHUSI M &hd SN ;@ANPl e
of a disk storage apparatus in the second enbodi nent according to the
present i avefitrio0Mmedng, thd diSsttuidOcde dkagmant shawidig t bee W@ ction
configuration of a head positioning control systemin the nagnetic disk

st orage apeanat, usnd nthehéiseepnkanhodhirehtard tthEOcoss ot @eht kdteneormEonent s
havi ng the sanme functions as those in the first enbodi nent are denoted by
the shdre ©odf shendéshusbrabge apspeativelnanree widrfimirdse e peatdedine
expl ai ned. The di sk storage apparatus in the second enbodi nent of Fig. 12
is different sPEswairgat in the first embodiment of Fig. 16 1 in a signal
inputted into the disturbance estinmation neans . Wi le the first enbodi nent
of Fig. 1 has bé@ﬂlEbﬁFPé&Veda%UEheWH&@thér98I?%@éﬂ§ﬁﬁhéﬁpéénéﬁ&ophe drive

signal a produced by the voltage detection neans.1ll.are.inputted into the
i St ar banCBSeSTREY L SF EARS 1 ohe AP SRS S RA LG HBAACAEAPFe 3R, 25 ¢ he
20 vol tage,signal Ed.produced bhy.the voltage de%gction means 11 andt;he
pos! L1 on_ CBRt PORPSEGANE ChEPaaaLaq DI CaRS  poor oA S0 Nt POl SHEmte UEP tar o

i thed i .St urb it w T dj st tinati

S nats” TaLE B B S By T T APBARGS et Ik T PR o 12
is inputtedsipto the correction neans 15 through the filter neans 16. The

correction means 15, into which the position control signal c outputted

fromthe positigpicantrehameans-edbnd he disdnt Pence eshibimbhan si@al tdest
Produced by the disturbance estimation neans 17, 30 and the filter signal f
passi ng t huedghagbeukilkt arf nRarsy IfpErieed nput s edaghepl enBikk ateatagect i on
conputing and then outputs the drive signal a to the drive neans 10. The
bl ock 60 appaeunded whé braseintgleventichaisinbtreinitéadto thgmabheatica bl ock
di agram of the disturbance estimation neans

25 disk storage apparatus but can be applied to the other

information recording apparatuses such as an optical disk

storage apparatus and a magneto-optical storage apparatus.
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17. Inputted into the disturbance estimation nmeans 17 are the voltage
signal Ed produced by the voltage detection neans 11 as the output of the
adder 36 and the position control signal 5 ¢ produced by the position
control neans 14 expressed by the block 21. In the above-nentioned

di sturbance estimation neans 12 of the first enbodi ment, the conputing has
been i nplenented as follows: A signal obtained by nmultiplying a deviation
signal 10 a froma conparator 37 by the coefficient g2/s of the first
integrator 43, and FcyiedddhgOkindl RR%Y J8HdddY Yiing ddHatin.signal a by
the coefficient gl of the second nultiplier 44 are added to each other at
t he adder f3®&m Ahsifpldlowdhicadeedrbyttibe addhtiovaitt drhehdhidch 4ol
estimation signal |est produced 15 by nmultiplying a drive signal a by the
coef fi ci enin gromjufictiem twhelf ittt anddriganyemgd b rane infitdueedd.nt o t he
subtracter 31. The signal y obtained by the subtraction of the subtracter
31 has been inputted into the second integrator 42. That is, the drive
signal ga obtained by adgj LJ N ¥ St Hr g the 20 control
signal ¢ has been inputte |nto t I Ssturbance es |nat|on means 12, so

that the adder 3§.0f Fig, bztcttaédg%gtatnegm s LSSt Lhe ol st urpance

estimati on neans e ‘secon nbodlnen I°’s ¢on sSuc at t he

posi tion (Eﬁ%t]JQJcog§gé' ractdsslhnmg tf@@ teeé@é@dthgn@%rcrc%%l 3;%95}?& (31s

added, so that the add 38 as shown in Fig. I's not require Conpared to
t he opera%k@@ég& tikgr eitSidi:bance estimation neans 12 of the first
enbodi nent, the operation of the disturbance estinmation neans 17 of the

di sk storage appagat2s s38 Wiodiheisgeamndsealned Fert weoNné i i el 1A% teXdH ai ned
above wi |l be explained hereinafter referring to Figs. 2 and 13. First, in

Fig. 20 exyrelsipugitieonimuutont robes wecond fi thegriatkos t 42a gorgigaradtuig t he
di sturbance estinmation neans 12 56 of the first enbodinent as 'y, by
not i ng t hensulbter atrert zembotdtieleslitgraa:lcoydmgex;or eqseprasend liowentYonbest (
Tdest +gl ' a ) =J~~" _Ktn'" u- ('~dest+gi' a) . (25) Y - ~esY ~Z-~est
+ gl ' a~ = gmFEigkth 'isaa bloddediagrgm foaaexmmalléuh;@ bloe idig tturb aadter 46
of Flg 2, the drive signal a is expressed by the formula 26: u=c+/j 10 1
(26) = C .ﬁs-tlz@§§png<p,pﬁrat]@qa, of the disturbance estimation means of the
disk storage apparatus in the first embodiment according to the
15 present invention, Fig. 3B is a block diagram obtained by
equivalently transforming the block diagramof Fig. 3A, and Fig.
3C is a block diagram collectively expressing the block diagram
of Fig. 3A;
Fig. 4A is a block diagram for explaining an operation
20 of inhibiting a disturbance exerted on the disk storage
apparatus in the first embodiment according to the present
invention, and Fig. 4B 1s a block diagram obtained by
equivalently transforming the block diagram of Fig. 4A;
Fig. 5 is a cut-off frequency characteristic graph for
25 the disturbance exerted on the disk storage apparatus in the

first embodiment according to the present invention;

Fig. 6A is a waveform chart of the fluctuation of the
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u=c+,Q1 =C+ "' ~esf gm ' K(n Therefore, fromthe fornulas 25 and 26, the
signal y can be expressed by the fornmula 27: 15 'Y=gmm' Kth' Cgl' a .

(27 ) Y=gn,n' KIn'c-g!' a Based on the fornmula 27, the block diagram 30 of

t he di sturbance estimation neans 12 of the first enbodi rent shown in Fig. 2
is changed to the block diagram 60 of the disturbance 20 estimati,on nmeans
17 shown in Fig. 13. As shown in Fig. 13, the position control signal c
produced by the position control nmeans 14 (block 21 ) is inputted into the
nul tiplieryid2urdthddhecutpdl fn tige MYitd 1Pl bebrddel S Mtied LRLO 4 he
multiplier 33 . Hence, nmultiplying the position control signal c by the
coef fi ci enti sfrur@yamdé @sthimaws chheigdhbveotiopguee@st romtign i gMadbamest to
be 57 obtai ned. On the other hand, the disturbance estination signal

i dest i s iempuirtasd drntreantse wdarhr ectspaetheans itte eoqeessed by e hilock 47
through the filter neans 16 expressed by the block 54. 5 Therefore,

sim’l arl y emeodfimestt emoodidizg ta Hdedipgle ssindr dgereagpamat Usipf @he second
enbodi ment estimates the di sturbance torque acting on the arm3 fromthe
vol tage sivgivalfoEsh phedtcdd abyri e cusineadevdehatesrarthdansing resbartee
position control signal c produced by the position control neans 14, and
out put s 160t hEagestighahbe EstiRanit se§hRptigestiasiak ABtPURBEATT B t he
di sturbance estinmation neans 17, The disturbance estinmation signal, tdest is
i nput t ed ithEo HREUEEAREE PER1RREAST 1BLABS a%S t INRILYERE dTHE TRt i d
such as a_pivot bearing friction, an elastic force, and an inertia force
exort od ofiCHE APth ! S8R MRS O ArFYCE G THAAHA0 SEaPaJel SpIr al us
of the fi&st %n%odkn nt hgigqgrthg.félteglnea%% ? is6&nserted‘P ween t he
out put of “TRETEES GFEENERS 20T Hat T om MY 1 775§ 1 Phe S npuit? SRS ™
correghio NS ¢15,. 11 | i i h L.t.Lonj trol
cyot o eveh R B st SR EL R OaPt B 0, 3 BB R et P

act uat or {hie$eNQlh LA £ 1 b drie NOM NRd + V& Ui KRR duehattBe ¢hapgerRf the

resi stance value by the resistance fluctuation or tenperature rise.

Ther ef or e gith@ rdaplcestaragatappanabds 05 1hSuSeSONh €Al MHrLA on
correctly detect the disturbance such as an 25 inertia force acting on the

actuat or fhedune to skoekevithratfiladtappliond offr @Mt ke stutrdatheehy t he

di sturbance estimation neans 17. This di sk storage apparatus is configured
such that even Ffigt heAdist arbeeqectcly agdisn arhd tesctaet it ior v evs wch tae pi vot
bearing friction, an elastic force of the FPC, and an inertia 30 force due
to shbek/ vpenatpop eXex tras firiomitre comtsicde syshemdi st arbase evhesta rrde on
means 17 is controlled to estimate this disturbance id and the disturbance
td exertedipitgmPanecoassigatisnmeepnedhyhehdigkss tebage @Rz ats M si gnal

i dest thus 58 , , , )
the first embodiment according to the present invention takes

account of the inductance of a drive coil, and Fig. 7B is a
frequency to phase characteristic view corresponding to Fig.
20 7A;

Fig. 8A is a frequency gain characteristic view of the
open loop of a positioning control system in a case where the
disturbance estimation means of the disk storage apparatus in
the first embodiment according to the present invention does

2D not take account of the inductance of the drive coil, and Fig.
8B is a frequency to phase characteristic view corresponding

to Fig. 8A;
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estimated. Therefore, simlarly to the first enbodi nent, the disturbance id
exerted fromthe outside acts as if the disturbance id is exerted through a
filter having the cut-off frequency characteristic of the fornula 19 and
Fig. 5 on the 5 positioning control system Hence, according to the disk
storage apparatus of the second enbodinment, with a frequency |ower than the
angul ar frequency coo, it is possible to inhibit the disturbance by the
first-order | ow frequency cut-off characteristic, and to inhibit a track

di sl ocation dueglg tygslQ di stiibapesihareky the,head @aﬂ)écf@&‘f{aﬁ'lg ed at

a high accuracy to0 be positioned to the target track. Therefore,

tracking @onéspstshadl@nagaitest i shoe eb Mduativencean oFechaplignent ed,
thereby inproving the reliability of the disk storage apparatus. 15 As can
be seen, aceekdiengppaddimsdiisk SHorfgesappabatiusent theozacand tenhod nent,
the nunber of adders required to constitute the disturbance estimation
nmeans 17 oaesketr edweadiconpared with the di sk storage apparatus of the
first enbodi ment. Therefore, conpared with the first enbodi nent, the disk
storage 20 appaFafusl®fis he Nesdhdiestedi Aeavisantest¢mneed amistafr bance
idacting on the arm 3 such as a pivot bearing friction, an elastic force
and an i néfei dlsbrebanee oty G tinn ReanspesithicoAlsl THMERT aPPArahUss t he
di sturbance, by sinple ¢ nngHration, st.ably control head positiaqning, and

posi tion tRethEadi¥sto SReIIBeNSr GECOLFAEE FOr FBE RTCCSEN oW VR OBi‘t ches
the 'second- enbodtent LA e arBEHEoE Y A LBdHaPE CaiT bat LedULed Sad Hna .
anal og i PouT L SoR L R RGO R SRS TR P EE o B M e °°
the compubRa Pras ab aithy o o BB L SR RIe R, Phb o ®

di sturbange gkl FRt § QM RARS whe re0Rf# G ed 1§ HUl:fa:[rllé’e:l_S@ed Bt fdin RiHck 30

shown in Fig.2, is not affected by the sanpling frequency of the sector

servo of bhepdicskr $irer agstapBahak Usst ikher &5 Phankheng ad ehphansk eh ot he

di sturbance estinmation neans 12 can be set higher than that of the

posi ti oni agreeatnioh wystemMindiMareaviey a 86toadiing )t antihien di Sks&arcage

apparatus of the second enbodi nent, the nunber of the adders constituting

t he di st uthandésestbanté oss rgaantsi Y nesan beloesdunoedta Fheaefonre; athemet he

control systemis enbodied with a hardware such as an analog circuit, the

adj usl¥rentindfictaokyeco f cilia dgdvebeoslnplndieated ®yFarlhekenvhiere t hancont r ol

systemis enbodied with a software, the conputing tinme delay by conputing

process cHAIhel BhésteAseIueheryadie sfakhagact epdssillsl el ew Cost espenedmdr ol

band higher. _Additionally, according to the disk storage apparatus of the

second enﬁSdFﬁEnt}lﬁy inserting the filter nmeans 16 between 15 the out put

of the disturbaEce ef%inatigg n%aas 12 and the input of the carrection

means 15, it istpBssthlE FoPdPLhi i 28T RS PILH Y orith§ Lot I Bid By ¥t &h even

if the coi Id{e i toanace Ra gf %Ge drrlit\ﬁe coicl § Ofbé$f achaaétcoor Cl7ir{str(1)ot

equal to hd o AP RAN "due o' T RE “CRANGE of 1Re"~ rEsi stance Wal ue by

t he %%?reﬁhgyggggekkughggkkgﬁngr tenperature rise. Third Enbodi nent Fig. 14
i ag e

is a bl ock di agram show ng configuration of a magnetic disk storage
appar at us whi ChF%§hQﬂ3€i§ bEx & o rAS&n Swi 54 %i%g@aélg@%%tfli%u'r%ttﬂ&% third

enbodi ment accor g to the present” invention. Fig. 15 is a bl ock diagram
showi ng tRe ¥hwhe saenbnawyatdenr&f e RPsktiNHNGKCHY Fle Sphertefs t he
magneti c di sk storage apparatus in the third enbodinent . In the third
enbodi mentin the §étdpd dmedSinénandtdded hpcko Thhpriar@nithe nI@niansgf er
function F(s) in the first enbodi ment are not provided, D sturbance
estimati on nmeanBig2Al anik cobilecki dbageanssi&il parthealdon didgurert faromit he

di sturbance estimation neans 12 and cosrrection neans 15 in the first
enbodZrent. dTsk Hforage apparatus in the third embodiment according to

the present invention;

Fig. 15 is ablock diagram showing the whole configuration
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configurations of the other conponents are the same as those in the first
enbodi nent shown in Figs. 1 and 2. It is noted that conponents or nenbers
havi ng the sane functions as those shown in the first enbodi ment are
denoted by the sanme nunerals, 5 respectively and will not be repeatedly
expl ai ned herein. Next, the operation of the positioning control  system of
the di sk storage apparatus in the third enbodinent will be expl ai ned
hereinafter. In Figs . 16A and 16B, waveforns indicated by broken |ines 10
are open b@oghd pRYUEACH iGhacast £61 Hytem\Bir Cih s BaWKt $ito 4 @& Sipa fatem t he
position error signal a to the head position x if the coil resistance Ra of
t he driveigoithe5tafi rdhembodiakart 3acics radhgegual: hieo piree ehaminglentdlome Ran,
in the block diagram of the positioning control systemshown in Fig. 15. In
a sinmul ation, 1Bifregbbncy alHaegoeacystats chathetepmpbhentied datheheoi |
i nductance Lan is omtted in the block 39 included in the voltage detection
means 11 apéniioepeicthe pesitiemireg Rondfralheydievele @ fageofhade taet uat or
7 is larger than the nomi nal value Ran by 5% is obtained. That is, as can
be under stesdstapaet Halygi AL20hehdr hee e P5E i ks Vit st dfted BPE NSrloken
line in Fig. 16A, the gain crossover frequency fc with which the gpen | oop
gai n becoi@sUsertti FM00HPtHRBARAE phRlsE"d Sl A nFsensqual t'oe 218 1dyr ees .
Because of | ack of phase npmrgin, the positjoning control systemis,
oAbl o, CPBORERER tERgr SRAtI ot ou P BESEF bbb (ke SeF 251 M disn
crossover _frequen with which the open.l ogp _gain _becones.zero is..greatly
decr cased® FORIERALYSRBRRC 5 RFgC Lot CRbLRant ot CoRE CeB T O SPaned Ra of
the driveqggi.l 5 of the actuator 7 is higher than the nomi nal value Ranby
5a. 30 If thé coil resistance Ra of the drive coil 5 of the actuator 7 is
not egyal to thp;gom pah vakuesRag; the MoLLagh sk@raknEd ikpeexpieIged by
the following fornula 28: 61 Ed=Ea+ (Ra_Ran) . la . ."7. . . (28 ) That
is, the cebhrigsrataseecRatat HBaidRbYengOicbn®refl LRhetrast it @he? digknot
equal to the nom nal value Ran due to the 5 change of the resistance val ue
caused bystbeagesiapbanee ufsl uet uatd othiord t enped anenie sts6rdihe vel tage
signal Ed of the voltage detection neans 11 is equal to the output of the
addi ti on pesekhtofingeditignt he'iignducked Mol 4 ageoda dhdygeerd abressetihdydri ve
coil 5 by the rotation of the actuator 7 to the voltage drop 10 (Ra-Ran) la
gener at edehgyivhéeoohgutranafofmihe thé Vel cok réagram iaft d'itche 19, vencoi | 5.
Figs. 17A and 17B are block diagrans for explaining that the gain changes
i f thed coFliLgredVSt hnce Kook dirgxpm ahabing Shef ahvaasst wards P $heot
equal to the nom nal value Ran due 15 to the change of the resistance val ue
caused bprﬁét#@§F§9a‘%fé‘étlchh§tY§§ﬁ“o4ﬂn@rcﬁéﬁﬁ@%%g@eﬁ%@.sfﬁ%e ¥YPAUSs a
bl ock di agram obt ai,ned by.changi ng the. bl ock,  diagram of Fig. 3B while
EoERBNATLEPNFErL ha NBFNGRES28TOR-5° TYBINE1aYBIOER di agram

noting the-s
equi valently transfaorgred from t he .bl ock .di agram-af_ Fig. -17A.  _Fi.g. 17Cis
2 bl ock i agr anf bt A had By e B are SGR R B kB AP o 15
based on dj | /Bo.Thai, | S, | i to Ran,
this is e‘ag?ﬁ/}% é&?&é ﬁ%@?ﬁ%&%gﬁ;ﬁ ont%sf I%F ﬁ§ nie%%'?invgﬂ?ea?dlb%%%ﬁ?gggﬁgb tt he
bIoc&g)54acégr@@gg4§0tghgh%rgggﬁg 23vEhReoR% transfer function is gm in

t he bl ock diagramof Fig. 15. In the block diagramof Fig. 17C the

conposi te transfeg, f rneguescys Greshrbivom b NecROY itdgHanC0pEr Al hei ghdlleC tO
the drive current la is expressed by the followi ng fornula 29. e~0 Gn-' S~-
gmz . . config(29tidntog@mnhdoofer Raming .cont D Ywyddun (BN WsHhos 2 . "~
21'O0" ~p"'" S-I- (~~ 2 62 In the formula 29, the estimation frequency
fo (=c~o/ 2hp d$skestsuhde cagpdtatind ghrertHhath itrite epbidtimen tc antcoeldibgnd f ~,
so that fornula 30 is established. As a result, the fornula 29 can be
simplifiedot bhéoprakan8linentdont ... .. (30) sz +2Co'wo s+woz Gn, (S) =g J
~R-R) . . .. (31) 1+m, naan Sgm 1'bn ~ Kvn Krh 10 In the
formd®m 31, at RagRa?( iEma( bdoyk-ghpghemevioyiny tHe-Reoml iheragdion Gf( s)
decreasesé disk storage apparatus in the fourth embodiment according to

the present invention;
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Here, if gm is substituted as shown in the following formula 32, the
formula 31 is transfornmed to fornula 33. 15 gm=k ' gm . . . ( 3 2)
Gh(s) 1J(R--R. . . . . (33 1+- naan) S, k Lhn ' Kvn ' Krh Here,
selecting, as the coefficient k of a real nunber, 20 a nunber sufficiently
greater than 1 ( k 1) , the termincluding (Ra-Ran) in the denom nator of
the fornmula 33 can be regarded as 0. Even if Ra ~ Ran, the fornula 33 can
be expressed by forrmula 34 by approxi mation. 25 Gi(s)=gm..... (34) As
stated above, agagrdingstoblbektdiiddgtambadizimgtchewrplbfcdd® fioidtion

resi stance Ra of the drive coil 5 of the actuator 63 7 is not equal to

t he nom nalf waéyeRan ahiend oohheot hangesnob £t tiee Idsikssaneegy alppe e

resi stance fluctuation or tenperature rise, the conposite transfer function
Gr(s) frornt kbepbouricbnesbndinensi gnadbrding tdhetlr ifves sant dmverd idoes not 5
change and the fornula 34 is al ways established by setting the coefficient
k of the actual Fadnbé? isu®f reréravy kg]rﬂl%tf é#lagm@ off g ¢ icayfda ugfa tritfirs
formula is that it does not include Ra a Ran. Therefore, even if the coil
resi st anc®irh %t%fd‘e§t8t§ég€oa?%r?"e%$ s(tF&r‘HcelflP et Gaei Bl By aasEman e

rise, the open Io ain of the p05|t| oni ng control system does not
greatly cR&T§eé ﬁﬁ}lzltr?g tI%[e BFESERIte 10y SO &tﬁnl i ze the positioning control

tem In Figs,_ 16A and 168 f d by solid |
FO AL AL Do W LR et S%FLM%Q%%&%%G on |

error sig %5 g&%ﬁ%q%nh%%dtggsg&é9915ni%g Egnééofqg t&ﬁegiﬁfrof sys

forrrula3 nthe bl o ep05|t| nlng

shown in '%Igg ?%ék)590§ ggtgeusSt ﬁgreq shify LA MULAAS y

broken |in 6A and uency c ract eristics

obt ai pgd kk the %Qle%el’nQSIl%tv@ﬂQqORa of the drive coil 5 of the 20 act uat or 7
i s higher than the nom nal value Ran by 5% . As can be understood fromthe

gain characteri sigc ¥iews indilerkedibyrbhesaohidgl te ddhfHidhrd®ion dre gain
crossover frequency fc with which the open | oop gain beconmes zero is 800
Hz. | n addidi®hstasacanabea taces 3hood enboditdes tphiaseh dias asheriinsttionvi ew 25
indicated by the solid line in Fig. 16B, with the gain crossover frequency
fc, the phkdséhearfgins t8ands thl rdegmbeslimehts eacstriding g &hst giiesdndtad
positioning control system That is, setting the coefficient gm of the
bl ock 32 invehgineckng0A of the disturbance estimation means 12A and the
30 coeffl cient gm of the denom nator of the block 45 of the correction
meansl@5A shownFid-F£§. 198 be ok Rippres pRowipgoihe menfamsraiidumdtion gm
of the block 22, it is possible to stabilize the 05|t|on| ng. control system
even i f t RN BLOFATE FWPIFAHES IRARBETPRE LGNV EER 1612 CRELACRTAOS 7 i s
not equal he nom na he_chan resi stance
Vel ue by PhetPBcr STt and R 8ﬂg8slf“8ﬂ1%8r%?ﬁ?£gﬁ1§e’? 1 RE B gek 30A
of the di ﬁhgrggggg\ estimation nmeans 12A 5 in Fig. 15, the block 32 of the
first mul Fi'er °41 into which the drive signal a is inputted has a
coefficient gmw,Inrrééhi beshafigheedl ockksTanpanpitiesncha rgliicadest dyal a by
gm. is LS e by approxi mation (gm=k' gmm) in the fornula 32
Herﬂe-d] tﬁgg};ﬁégﬁ? §§¥“§§f‘i‘% € considered while dividing the 10 block 32 into
a bl ock having a coefficient gmand a block having a coefficient kil (=k)

In this case, a .S t he
fol |l owi ng forn@k%gkbﬁ/ Pkggkggg‘&?)@%& W?‘E %R%E‘%R%FDS%%@%%@E&& hangl ng
Fig. 15 by changipg téeebének 32 the arblheskshayongrébe aoaidincdend gt
equal to the coefficient gmand the block 71 to a bl ock having the

coef fi ci eAt dhaki FePre IR WS RNd 8 BIBK KSR ERFARRRS SV Controd. 19 is
obt ai gred. mZ'Eﬁoéoﬁtégg%'lﬁbe% ehel gg ?‘e?ﬁk ﬁ@e}plt@'bﬁ Wi'l(ihbteh%xg'l%tlwe%ance

estimation signa est I's I nputt rom t irst integrator
(1/ gm' Kt h)aramdanfnehrudRs:lngml Thétefsmmtad thag. cdxﬁpoaelbts)d'lavﬁmcjlaWeng a

coefficient (1/.k2).is_arranged t n e first rator 43 and the
bl ock 45. Sﬁgl% fup%glpglsaﬁlrsngﬁp %ege% li'. € same re %nce numeraﬂ

respectively.
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25 between k1 of the block 71 and k2 of the block 72 is basically as shown
inthe followng formula 36. kl-k2 . . . . . ( 36 ) 30 Practically,
however, the condition of the fornula 36 is not always essential but k1l and
k2 may be approximate to each other with a certain degree of allowance.

That is, ks can be expressed by formula 37 wherein an all owance coefficient
ry is 65 close to 1. kz-~. kI . . . . . ( 37 ) 5 The concrete val ue of
the all owance coefficient n nay be appropriately set according to the
speci fi cat'i’éif tofEmoREl Lz Fal apparatus Enplrlcally, t he allomance

coefficient n ng 1 - ) nor e
preferably 0. L. ese can -e'expresseo Torl , 10
39 and 40anresameiévad @ dskis] o2 1 B4 B3 ' ol’es

1.2kl - ( 9 < s 1. 1k1 (40) It IS |deaI that the
coefficie ig. 14 to correspond to Fig. 19, the

bl ock 20 di agr arInb}m:gmﬂs tihanusieoad 1 nnkiigatkd. a Thamedtd,c thek dicttagdrance
estlnatlo neans of .the third enb d|

nbi t f
ot i baBy B AETS Fanats s SnSTRES IR drsial uct Bt it fead

COVreCtiOﬁoﬁukét@kdﬂﬁﬁyQépﬁBaﬂélﬂ dﬁtélﬁérthhédiﬂﬂ®QQlHﬁatthé'hdméﬁaU!On
the correction neans 15A of the third 25 enbodi ment is the conbi nati on of

the corredtri 8 AFBIEHI Foviase ther Beadndbdd rehBrafd EhackeRdridieisdct i on
mul tiplicatigng %@@§n%gtﬁé hbgqt bi hGusrbediete Jhe did r G el an

mul tiplication nmeans having the transfer function of k1l is |nserted into
the pdh Beoundans bearing t4he tﬂheveumegaal SalhdbanBOst hedrbreecPidbn neans

15 to the distur S n ns , e sec rrection
nultiplicgtpgﬁgﬁeaﬁg%fgzi %P% ra%% 3 %%ggionm% r?%%Ps |%§§FFéd into
t he path RQbkbnaﬁafamnbhgathegdestuab@aamaa@hmn&hga@tsl@@alsmdaan firsom t he

66 di st ur bance estigatlon nmeans 12 to the correction ans 15. In Flg

19, the bPECRNFEIP FEEFUHTRTHOPRESHFR SO BT FedtiSarO e i pﬁ’%zi‘ttla&‘? means

18, and blgagcdn 2 €or Eﬁ%BQ@HSa &§8p! e §$§Q@%§@{>{>§§Et@:§/cf@§ | Rhlcatinap nmeans
19. 5 If the third enbodiment “is descri bed based on 8 and 19, the

di st utbantbeesepmathonahednasmenini psed ontgBek ebis thixed £6 at least one
of the yokes. The interaction between the magnetic flux

generated by the magnet arranged on the stator 6 and the magnetic
field produced by the current conducted through the drive coil
5 causes the arm 3 to be subject to a rotational force. An
20 actuator 7 is configured by the arm 3, the bearing 4, the drive
coil 5 and the stator 6.
The numeral 10 indicates drive means; and the numeral 11,
voltage detection means , which is included in the drive means
10, detects a voltage generated across the drive coil 5, and
25 outputs a voltage signal E;. The numeral 12 indicates
disturbance estimation means which estimates a disturbance
torque 1, exertedon the arm 3 from the voltage signal E, outputted
by the voltage detection means 11 and from a drive signal u as
an input of the drive means 10, and outputs a disturbance
30 estimation signal t,,.. A position signal of the track, which
has been previously recorded as servo information on respective
sectors of thedisk 1, is read by the head 2. Position detection

means 13 detects a current position of the head 2 from the
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generate the disturbance estimation signal idest fromthe signal obtained
by multiplying the drive signal a by k1 and the voltage signal Ed. The
correction means 15A is configured to conbine 10 the position control

signal ¢ with the signal obtained by nultiplying the disturbance estinmation
signal idest by 1/k2. The disk storage apparatus in the third enbodi nent is
configured such that the drive signal a outputted fromthe block 47A is
inputted intag agne of the input signals for the disturbance. 15 estinmation
roans. 12APUGIREs S ¢ha L ap et hs e 2 Pt RRCBECREPASAT0BT 110k he
drive currsnngia ouhputhed nyr anit Recdeh¥e FR3MSa 102 pydPUtd Lok {60 tdre bl ock
22 instead of the drive signal a is used. 20 Fourth Enbodinent Fig. 20 is a
bl ock di agtemtsFEfitng RasK -coRPPgtitani 6ANEFCA RBgREt 1é HPSR1¥E6r &€
appar at us ;e Jrse PRSr 5YHRICe Bl oRuletioF LR %ﬂ% R £ reh
enbodineng%%%bor |%g t% t he pf%geﬁtuinveﬁ?io%. Hgg'Zla%gégtgfggﬁﬁgﬁggran1
showi n§ t H8 ,wholpd 125 esorhdgphaskeononpenhat postine omi gnp tomndlprydican of t he
magneti c di sk _starage ratus _in the fourth enbodinent . In the fourth
enbodinen%;p?ﬁékffﬁ é?ﬁﬁggﬁssﬁ§h§%dcfhe bl ock 54 having the transfer
function F(s) i Mheheusecoabd eihddcaest @ik swinepheviritiech dutpub st tra ghe

di sturbance estimation nmeans 17A of the fourth 30 enbodi ment differ from
those of tHEWRHCYr GaREENEstErat TP RE&RYTPARCET cBRhEMRhi PY THIRRA Foat .

That is, thgiveld agemsihali sk rbhomet 88t vRbt 888 et bofl, skl and the
position control signal c fromthe position control neans 14 are inputted
into 89 mepasdl samdoahteh st entipednshe TAoThEegvanf g ORDARN S t he
ot her co n S Aar a t;ho [ e g di ; in
Fige 14 g B g L oind: & oy i bors eSO S
functi ons cantiribdseyshemn | iheheilbter dnéamsrbbéliomerpiutes ea dendtesd shygrtdle sane
nuneral s, respective and. will t_be repeatedl y expl ained herein. The

el 2t onsili BPBaLREEn PV EUHF SROSP T abeE At AR R B i A Trent
shown in king 429taPdahbate Hfiddtel drhishgnanbodi mary 5BV # &t & mbhins
correigonds to the relationship 10 between ‘the di sk storage apparatus of
the s .onééenbodinent shown in Fig. 12 and that of the first enbodi nent
shown in Fig. lphEowenghallhe fihllieht@BaR$elors el ofl Mladedyliyt he third
embodi ment shown in Fig. 14, the voltage signal Ed produced by the voltage
det ect i on nes@AyeBIt @@ oshE 1N sentsighalgaadref1emitijsupeetit i anearfeol

di st ur ban th i : ; t r i i Fi g.

20 the vOrPge: o Al T pr SHGCHPTY ther ol thye darscr oRSreans T1E and

t he posit icorreantiool msagadl5 e pf odus @dcbyr ¢ diel o siohport acdrbr, odndedes: 14 are

input%@d in%oﬁéhet%%stutbance es ina%ionhne ns_ 17A. 20 g%erefore, in the
f our t B enfBE&PHERE FRENE TR IFMItE0 835 Y §OoF gy rddFaBP8Red  *Accordingly, i f
the bl ock 30A ofrhkhardist MERABCEQ €54 | ¢t f Do red@nsudrRA et tie ddhditts
enbodi ment shown in Fig. 15 is chapnged, it hecones equal to the block 60A

of the di §tcﬂl¥jo‘é?16é1ré§ﬁ h&t?%ﬁ%‘éﬁ%"%?ﬂiéhém FaspPyse 2P, theilappgted
correspongds itQ gi?naﬂ%h' 1t 5es sePRdn B FB e DERWEYE 4 alshg ddeek 54
corresponding to the filter 16 is not provided. Further, by configuring the
appar at us reitgitigniay lyomeriesttiie deaghddionied tetherinp gadeftttha@rar e
estabbished Lp .t u hadi t n f I , + Y, i t he 30
coeff?%ieﬁf éﬂgﬁgﬁﬁéggié%hﬁﬂﬁﬁhégﬁﬂsﬁ?%PE%gﬁt|§5%;ﬁ§§fg§,t$ﬁﬂﬁg%%o stIe to
st abi | i ze ttrhe kpdsirtnedniang naariowolt raykt epiteves iih thelexoitlo resi stance Ra of
the drive coil 5 of %gg actu%tor 7 bs gpt equal to the nom nal val ue Ran
due to théegﬁﬁﬁdéeBF H§e6§a_ar8§i§ gnédS¥atue by the resistance
fluctuation or tieRperatiyrezli ke discfat£Stldf B YIH NG I dedfitsto1st or age
apparatus of the fourth enbodi ment, the di sturbance such as an inertia
force 5 aétsignoAft Reeadi skt DFOTagRcaRRA BHoek/ W Brhe ifdrr séx ebeglimesyh t he

out sig¢ can1BepEOLLBTLl debeckad by the digtusbancs gsbipmbign mRans 17A
Even 1t the disturbance id acts on the actuator 7, such as pivot bearing
frictiop,sanwéhgsthe fvoode cbntfthguERE1iocandfamhenersiid iboicg deattrol
ShOCk/VIbE%%%%% g%e{ﬁgxhisk storage apparatus in the first embodiment.

A portion 30 surrounded with a single-dot chain line in
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10 fromthe outside, the disturbance estinmation neans 17A is controlled to
estimate this disturbance id and the disturbance id exerted fromthe
outside is negated by the disturbance estimation signal tdest thus
estimted. Therefore, simlarly to the third enbodi nent, the disturbance id
exerted fromthe 15 outside acts as if the disturbance Td is exerted
through a filter having the cut-off frequency characteristic of the fornula

19 and Fig. 5 gn the positjoning control system Hence, according to the
di sk st orgé‘@ dpParst 48 P YUt EABSUTrRERES GRERMAtEPRJTRMEY tover
than the anguliaf ify,equsioyi W47 Sut SoPRSSd Bi& n2 diddirhidd chhendi sidir bance
by the first-order | ow frequency cut-off characteristic, and to inhibit a
track di sligc&heofiidusetbs tthélgickt afbepeecchher aiganshd Sheall Ro¥sienrfiy ol | ed
at a hi gh agous ; L hQn t .arg ra re e he
tracki ng contrﬁ%&a@f’gﬁaﬁglﬁh %Lgt ﬁgts o%:ﬁ?cl)?l%\?i récheoﬁf%%%@ges é;ﬁlocﬁ

i npl enBnt exf, tthee eyt dgeprdmtdety: itdre meadnisaldill.i t ¥noFighe2di skestgmagd s

appar at us., can be seen, according to the disk storage apparatus ,of the
fourth ererg}\S e re"ﬁé)elr?ﬁjr?oé’lpegﬁ%z%dergnrgh%i r%d l?%f o%setrf‘%ﬁ_t%amhethe

di st ur bancaingstiingptd O Hee e thiA seaivdd e dee datiad e3) teoraadad Ay tdhd he di sk
st orage apparatus of the third enbodi nent. Therefore, conpared wth the
third enbSFHERAEHHe di sk storage apparatus of the fourth embodi ment can
estimate the di stupbance Lgd,asks gy ¥hd Berabmt 3 Slahpasi 1 Bh Wt haald ng
friction, an elastic 69 force and an inertia force acting on the head
posi t 18ni My &&st hekdsyseenkasthteres st Lehageeor byl ghakle wignf inparedton,
stably contr i.LiQnj ifi t he t.ar get
Frack for SHCDE e FBn e ram ot sAaE BIRbkPERt S8 REE s Erb e T b
accor di ng pos ittHendieskost st ggel appisy atits iofed he &ovstba eabodi (eEnich tie
nunber of _the adggrsegﬁQ be reduced, ,so that mhﬁn t he positioning contro
system i s ZBodiCdE T hch B8 R dWereard R ad e %analddy circuit, the

adj ustnent of such circuit can be sinplified. Further, when the positioning
10 control systemis enbodied with a software, the conputing tinme delay by
compul®ng proce§src#n be’ shoftkned. Similarly to the third enbodi ment, the
di sturbance estinmation neans 17A is not affected by the sanpling frequency
of the sector servo of the disk storage apparatus . Therefore, 15 the
control band of Thkepdsst uohareet st ime@nison 4neapse 1520 dan abelsek Ml gher t han
that of t osji ti oni. ont.rql,. _sysd, Mor.eover.,. accrding . to the disk

st orage agg fa?u?éggl%%e%f@&@ﬁﬁagngggg%%h§F~fﬁgsﬁ& é&rgft%ﬁgsaﬁﬁérs

const i t ut ifagcttiendGat Yz pans ecrestdorditiion seangs 374naane heatmditceil . from
Thereéﬁre, 20 when the control s stenbis enpodied with a hardxare such as
an anaf og & CAIP2TEheT «df uSth S5t LR T Ut COCY WeSSPRBEi ¢4 &
Further, wheputkei€eonsd e syshremtisnenbafkers Wxigt < s2of byas & 1ddme sconputing
tinme dela% by conputing process can be shortened, thereby nmaking it

possi bl e THesPPSHkd CRGRGr SOTFARd BiYSHEM 125 apPldkgnyilnd Ri §or &P 21
using the ffiCi I, Y, hi.r i L.~ he

bl ock diagﬁgﬁé%ééJ%%%§Pﬁé§e ) %%%§Pﬂbéggh‘?%QE%gﬁﬁéhhfgéggg??égﬁg¥”¥%at is,
t he di st ulbBanea bst exptriesisededys fo0ZAUdR 2he fourth enbodi nent is the

conbi gtion of the disturbance estimation neans 17 of the 30 second
enbodinrent and the first correction nultiplication nmeans 18 of the fourth
enbodi ment . In addjtion( the correctigh jreans 15A of the fourth enbodi nent
i s the conbi nat i@{zbt Khd tetfeet) b@ means 15 ‘of t# second enbodi nment and
t he second 70 correction nultiplic&f?% means 19 of the fourth

enbodi nent. The first correction nultiplication neans 18 having the
transfer function of kl is inserted into the path for transferring the
drive signal a Hesgvt hbecsymbeli n rvskicatsss at onereadidteudsdiide @ad nat i on
means 17, d o] t] | ti.pliGati [ e
transfer Fﬁ%cf%@ﬁogﬁﬁkggggggﬁggr%gﬂ“ﬁ%?%hgﬁ%ﬁbgkgﬂf%?q?%%kg?gigpﬁgnthe

di st usbancenesbilmaysoemsi dited codé€st ciratstdyg dj shdibaneecesd tavt s dormeans

17 to the correction_nmeans 15. In Fig. 23, . the block 71 corresponds 10 to
the first SEBrPEeLPGnt FERLEREY (ot it TRt i, Tt b BAS SOEGEasTds 1 o

the second, coy megkhr@raftihbi Bbeeal EoanaPams: 19.tHd de fieurdnlt ambodispent i's
descri bed based on Figs. 22 and 23, the disturbance estinmation neans 17A is
configured to generate the disturbance_estimtion signal tdest fromthe
signal 15 obtained by nultiplying the %%sition control signal c by kIl and
the voltage signal Ed. The correction neans 15A is configured to conbine
the position control signal ¢ with the signal obtained by nmultiplying the
di sturbance estimation signal idest by 1/k2.



20 The foll owi ng enbodi nents nay be enpl oyed besi des the above-nenti oned
enbodi nents. As shown in Fig. 24, the first and third enbodi nents may be
conbi ned. As shown in Fig. 25, the second and fourth enbodi nents may be
conbi ned. That is, in either enbodinment, the filter nmeans 16 for cutting
off the 25 high frequency conponents of the disturbance estimatipn signal
~dest is added to the correction neans 15A. In the disk storage apparatus
inthe first to fourth enbodi nent explained so far, the multipliers and

i nt egr at or’sN ERE ForiFIYLF LR BYE andheg DASitdian St HatS BIal G RASSEM be 30
confi gur ed. o, it ghL H &S S anUb L B6he s 1 B%%@%Cﬁigﬁ%fgimo'%%t érl
constituting the positioning control systemin eac nt may

enbodi ed isignasbfu wag ecpyver tedrboonpthervoMmde henall s’kosaognag:ame

appar at use rst Our h 71 enhodi e . €X i ned as
t he rragnetC?% %erg{%lto-@ragg%é%&pa@aﬁ‘ﬁ%é@earﬁg&ap&eseﬁﬁofg\%zﬁt| o F& ,E%f fimted
to this$, &hﬂuﬂanxbajﬁnmbledhé@ethheOﬁhEVel@ﬁﬁr@mtIDhlBGOQtﬁuhgeappaIﬁtuses
such as an t| caI di sk, st orage appar at net o-optical 5 disk

st orage ap k%a?’ﬁ?fes‘fbsefdg g’i-rodﬁqhg%t t%ﬁeddﬁl © §tu6rr§§1§ I

appar at us 0f ddie HIESEMy i fer uesidmie Becishit banes suehcas a
pi vot bearlng frlctlon an e stlc orce or an‘inertia force exe ted on the
actuat or resares) e rdctierbdetaesst ithet Meanedisi ghaldi propdudedenly byhe

conbi ni ng of 4 t sit ntr.ol -sign th the
vol t age S|C1E1)l[r1iL i ee g:raér%lgaég{}% r \?elﬂ%o L Ofﬁ\a%%gt &g:t S?L %e‘g%ls% i nce

t he vaDt agecesignal. | Heaecoﬂnlhe rnmssﬁsxgrfaﬂnctutom K, Aasai bbeqghe caisenit y
detect the disturbance, npared with the conventl onal art using discrete

15 servo it &#ﬁaﬁpéhlatﬂecard.%gﬁsﬁn%ﬁﬁem FunqtHeT el ddi 6n BfotAek 24

di st ur bancg, urd dug f014 o ¥ ORI Atd Ak i S8t e dpwald dihe,d at!&&gué rack is

large, it is possible to surely conpensate this fluctuation an 0 i nprove

t he posi tﬁiﬁﬁrrr@ch@@u?%@raﬁt%aww VelpedpEct ofothpdaast get Herrk.

Besi des, t r ua ns due
to shock/ vﬁ) %hglr? fgo?nﬁ?%ga%ﬁgs%ddgne?rt&%sﬁé@%@?b?grﬁ%$%ﬁfgveg§ﬂ s%ock

r esi sflances ywitarladi,eihdicetes ahéldtakcet ﬁralgetla@plaearusg ahdof ot Is¢ adotry

i mpl emrent d 0sj tioni ng . control rding to the disk storage apparatus
o e oy o cBEhEd AT 'Y ABILER pa TR ik By APEaSrRrel! DHESEnaEE
effects, tagy edirea ddhie tdr hxge“ﬁhge@kabaaﬁdm@anghe PRsEEE Otfhegomanoéféi gnal
for the head position and the di sturbance estimt]on signal, the hig

frequency BfGIREhis BRPERESERSRYr agncénés*fhﬁﬁﬁ?‘b%ﬂ%|Vg%“1ré3|01é3rye"09§ W@F by
the filtemd®ans {0 IWRFEREPLQAUGR & diddir SA S qmér he filter

signal is conbined wth the position control signal for the )ead position
to théPeby produsethheadtigeosignal b1Phieref ongputts s pn@scbdefqlcj:c‘sqaabl lize
L RoSt 1 IanLBAcEQ0LEOLSYLOMLEVED UL LS 08 by T eRLsLange of bhe 72

t ue to

I
drive coil™® e ac ua or "neans s not “equa AOM 1A va

the changecfudthe rgsietiarce vabex by bh@ph@%l at @pceabkuatypt i RI’H-]DFS)
tenperature rise. Mreover, the disturbance estimtion nmeans is conf i gur ed
5to produEegﬁﬁéréF§fiukaﬁe¥ﬁh€éC@@(dﬁlﬁ%itlpﬁnogl%Idrﬁél%auéﬁeﬁﬁéaswﬁalU’éﬁ)t ai ned

by nul ti pld@l% tERe105 ] w1 Bbaeplit ara RRTtingn ¢eNtEQk Wi @rathbYadduaiyl t he
volta e nal , and the correction neans is confi gured to produce the drive

si gna by c SvbiaidAg st kEesigAaregbvail haaehynut e pY 9 hrd ¢ her e sTthreb%G’R:e
estimati on,}JQ,skgnal Qéfd%:/: kg Wi 7 ot h?spoﬁh&'.ﬁQ}ngéﬁ% %%ﬁﬂf e e cont roI

1). By so configuring, i'S” possi Ie fo sta I1ze t
system evers ids tfivd lgoid: resi stance of the drive coil of the actuator neans
is not equal to the nom nal value due to the change of the resistance val ue
by the resistance

V,=E_,+ (R,+L,*s)Ia +---" (3)
30
Wherein R, indicates coil resistance of the drive coil 5 and
L, indicates the inductance of the drive coil 5.

A disturbance T, exerted on the arm 3 such as a pivot
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15 fluctuation or tenperature rise. Hence, particularly if the influence of
t he di sturbance, which is exerted on the actuator neans, on the positioning
control systemincreases as the actuator neans is made small in size and
light in weight and the resistance fluctuation of 20 the drive coil and the
change of the resistance val ue occur, the disk storage apparatus,of the
present invention can deal with nore diverse conditional changes by

i mprovi ng the head posLtioning accuracy and inmprove the_ track densitg
conpar ed fReRFIRR ot GfaFhapieieaater 1t apselepbiefpece sdsanpFBC25 to

realize a |08 CAPAGHY a8t 84t St O RUEnaPRNBES on T3 c1 M ¢ 3Gl gRY is:

1. A disk storage apparatus conprising: actuator nmeans for positioning a
head with arespheertia fodiskreGeuvedebyreine dotualtdyi hgdsai to ashoak obr neans

| n accor dapge, wi { fy, a9l aaut r&ikhéedi%@@%raégat %ga%iadc‘?}sef%%h%egﬁfswé
detecting a voltage rrduced T n riving sal actiator neans,  and for

out put i ngcan \b@ tageessghals al@odimsimpbaned iestd maki Hnomeatsadeoobfeshemat i ng
a nagnituag}of gzgisturbance exertgg on said head fromsaid drive signal
and sai d Vot9%5e? i Yhat , CAMRPF B hroduci ng a di sturbance estimation signal

filter means forrraitdd mgidf fs53 shirghhuneauenen eogpageatddd ehasai Uine
di sturbance estimation signal, and_for outputting a filter signal; position
det ecti on WRednid f or sSpryguEhBgiat pbki el dherodit agiegRglecsiraspsaarngito a

current pogiilRnooiciealsl hearkddOn ST YO | 516 Of SR AP s eViRYISE Yo f §60F ded on
said di sk and detected 20 by said head, and for outputting the position

error 1§ gnéuncipbet tamrthaintafbltheeddockor Tpioglodad anpbset achuadarr ol
oL Unal COUESROTANG L. 5815 oSyl B o e, 0 Ll gt Ling, the
control 25(minghah- s th, saiictH iild efersignald by podlics iy dHl iotewd gnal , and
For outputédgleé@gthEV%hzigg?bé coil 5, and outputs the drive signal
E, by subtracting the voltage drop from the terminal voltage
15 Va of the actuator 7 using the subtracter 36.
The portion 30 surrounded with a single-dot chain line
in Fig. 2 shows the detail of the disturbance estimation means
12, which block 30 includes a block 32 having the same transfer
function as that of the block 22 as the drive means 10, a block
20 33 having the same transfer function as that of the block 23
as the actuator 7, a block 34 having the same transfer function
as that of the block 24, and a block 35 having the same transfer
function as that of the block 26. The first multiplier (which
is also referred to as “multiplication means”) 41 is configured
25 by the combination of the block 32 and the block 33. The numeral
43 indicates a first integrator and 44 indicates a second
multiplier. The second integrator 42 is configured by the
combination of the block 34 and the block 35. Here, respective
constants with the suffix “n” in the block 30 indicate nominal
30 values, and variables with the suffix “,.” indicate estimates.
The drive signal u inputted into the block 22 is also

inputted into the block 32 constituting the disturbance

estimation means 12, and a multiplication of g, K., times the
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2. A disk storage apparatus according to claim1l1, wherein 74 said

di sturbance estinmation neans conprises: conparison neans for receiving the
vol tage signal detected by said voltage detection neans ; first

mul tiplication means for nmultiplying said drive 5 signal by a coefficient
consisting of a first transfer function; second nmultiplication ngans for
mul tiplying an output of said conparison neans by a coefficient consisting
of a second transfer func¢tion: first inte%ration means for integrating the

out put of 4 ¥R HFHpA L8P TRk FRPRILIIRIPLACEG? AT TP TRARS Pame
| nteqr at] nge ey Alien ADLAE AR BYrSLRIA ACL] NG BiRe RS YBLUEROf oL BEcaU! PU!

of said second mul'tiplicaiion neans” and t*he out put of sai irs
i nt egrati o neARsaFRom EhebBuPBbaiBedsaid first nultiplication means, and

15 said conparis £ans C . Sali - L L with .t of
sai d second integﬁéﬁﬁgn§ﬁe§ggghgﬁagg5%%ﬁﬁgﬁgg§b§%gggéoﬁéfggupﬁt?gEEEPd
second &rul frphi thtilohookabd. ankh s#iad Hliagskt 3Nt egr atndrcaanslt8ye A di sk

storage appayatus,accordin o claim1, erein 20 gn estimation.frequency
of sard ar St REan 8 Rl AL Brec P BRAL T oie da BRI aTet daRieY
esti mati oncsBamst i 6nSeltgratl & VW&, Mt ohes ithanpateentivto far eaMpaeytband of

est

said position control neans . 4. A disk storage apparatus according to
claiml, whérdichigrarranedrtthridugndasr shyept Fasit upddisdpsesetdat a

Lo LAk LA P ROS R I s, PO L0, SO TR SrcPund oK
10 first integrator 43 and the second multiplier 44. The first
integrator 43 integrates the deviation signal a by g, times,
and outputs a disturbance estimation signal 14, for disturbance.
The deviation signal o is inputted into the second multiplier
44, and increased by g, times, and then added to an adder 38.
15 The output of the adder 38 is inputted into a subtracter 31,
where a resultant value y obtained by subtracting the output

of the adder 38 from the drive torque estimation signal 7.
outputted from the block 33 is outputted to the block 34.
A coefficient g, of the second multiplier 44 and a
20 coefficient g, of the first integrator 43 are constants for
stabilizing the operation of the disturbance estimation means
12, the detail of which will be described later.
In Fig. 2, a block 54 is a block diagram of the filter
means 16. The filter means 16 expressedby the block 54 subjects
26 the disturbance estimation signal T4, outputted from the
disturbance estimation means 12 to a filter processing of a
transfer function F(s), generates a filter signal f, and outputs
the filter signal f to the correction means 15 expressed by the
block 47. The transfer function of the filter means 16 can be

30 expressed by formula 4:

1
F m———— v e s e 4
(5) 147, s ‘)
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said actuator neans is configured by a permanent nmagnet fixedly attached to
at | east one yoke of a pair of yokes in a cavity of the pair of yokes
opposite to each other through the cavity, and a drive coil provided in a
magnetic cavity formed 5 by said permanent magnet and said yokes, a circuit
having a capacitor and a resistor connected in series, is connected to said
drive coil in parallel, said capacitor and said resistor connected to said
drive coil in parallel are set to have a capacitance value C and a 10

resi stance value r as expressed by C=La/Raz, and r=Ra, or approxinmte to

C-La/ Raz, and riﬁﬁnaVQSDE&&idgﬂdéeﬁtlﬁedbéﬁsﬁéﬁfaﬂﬁaaﬁﬁa&ékuéndqpnﬁﬁaS'ng
actuator means for positioning a head with resggct to a 15 di sk; “drive

means for i\jrﬁlﬁr‘?@rs W R2aed 21 a0 ~ PR NG s ey r Bamed dittie af@hhmmngdn ve
signal ; vaol ﬁfﬁjon nmeans for detecting a voltage induced in driving
sai d actuator nmeans, and for outputting a voltage 20 signal; position

det ect ibon neans for producing a position error signal corresponding to a
current position of said head fromservo information previously recorded on
said disk and derect y said. hegg, and for outputting the position error
signal; 25 p05|t|on @omfir ol neans for producing a position control signal
correspondlng to said position error signal, and for outputting the
position control signal 76 di sturbance estinmation neans for estimating a

magni tude B g 4li st,urbance xer edcanthal @ihead LigAnsakd; yobigge: ségnal
from the filter means 16 to the correction means 15 is shown.

10 The filter of the block 54 is to stabilize the operation
of the positioning control system of the disk storage apparatus
in the first embodiment, the detail of which will be described
later.

In Fig. 2, a block 47 surrounded with a single-dot chain

15 1line is a block diagram of the correction means 15. A block
45 included in the correction means 15 produces a correction
signal B to the drive means 10 required to make the arm 3 generate
a drive force having a magnitude equivalent to the disturbance
estimation signal 7, by increasing the disturbance estimation

20 signal 14, by 1/ (g, K.,) times. The correction signal B is added
to the position control signal c¢ at an adder 46.

With reference to Fig. 3, the operation of the disturbance
estimation means 12 of the block 30 will be explained
hereinafter.

25 Fig. 3A is a block diagram obtained by changing the block
30 of Fig. 2, and shows the transfer from the input of the drive
signal u to the output of the disturbance estimation signal T, .-
Fig. 3B is a block diagram obtained in the block diagram of Fig.
3A by transfer moving equivalently the input position (at the

30 comparator 37) of the voltage signal E,, thereby transforming
theblockdiagramof Fig. 3A. Here, tosimplify the explanation,
assuming that the value g, of the block 22 is equal to the value
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and said position control signal, and for producing a disturbance
estimation signal; 5 filter nmeans for cutting off a high frequency
conponent of said disturbance estinmation signal, and for outputting a
filter signal; and correction neans for conbining said position control
signal with said filter signal to produce said drive signal, 10 and for
outputting the drive signal. 7. A disk storage apparatus according to claim
6, wherein said disturbance estimtion neans conprises: conparison neans

for recei An@h RBeVRIPelSSignhlddet a6t 8AOBY Waiteybrl dguingt BR¥MékR means ;
15 fivst myldipligatd godpans fog -H}" Répwh@?déé‘%& Pét?.slbé'é’ gpnigolpsignal
by a coefficient consisting éf afrfst transter funciion second

mul tipli cadtdtomateians dwrremd tipl ying,.an .out put of said conparison nmeans by
a coefficient consisting of a second 20 transfer function; first
integration neans for integrating the output of said conparison neans and
secondbi nt egratigh=m@eans for-1itdegrating a val ue obtained by subtracting

t he out put of said second nultiplication neans 25 fromthe output of said
first multiplication neans, and said conparison neans conpares said vol tage
signal wi th the mutipiireefs isRy Qh&eﬁé?ditﬂﬂé%ﬂtﬂ@é\ Ve ge Adreut pytisya 77
conparison result to said second nmultiplication neans and said first

i nt egr at i oY nmEandLug Kin) AtdineR st Be abjer e et medoFBEngORBR ER BP i1 B/

wher ei n an, £54igratya0R b 8guensy vaf eseh ¢ Absturbapge ﬁ%%tﬁ%é@f‘t?oﬁi&f‘m
produced by sai'd di sturbance ‘estimati oh neans is set a
10 a subtracter 48 shown in Fig. 3B.

Noting the subtracter 48 of Fig. 3B, the value § as the
output of the subtracter 48 is expressed as shown in formula
7:

N J"'s E oo (7)

in a a
.Lb” * K

vhn

15 6=K

Here, to simplify the formula 7, assuming that there

exists a relationship as shown in formulas 8 and 9 as ideal

conditions:
20
R,=R, +---: (8)
L,=L, - (9)
25 Noting the subtracter 36 and substituting the formula (3),
the voltage signal E; is expressed by the following formula 10:
E,=V,-(R,+L, 5,
=E, +(R,+L,-s)],—(R,,+L,,-s)I, +-+-- (10)
=Ea
30 Then, noting the comparator 29, and the blocks 24 and 26
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a value higher than a control frequency band of said position control neans
9. A disk storage apparatus according to claim6, wherein a cut-off

frequency of said filter means is set at a value 10 snaller than a control

band of said position control neans . 10. A di sk storage apparatus

according to claim®6, wherein said actuator nmeans is configured by a

per manent nmagnet fixedly attached to at | east one yoke of a pair of yokes

in a cavity of the pair of yokes opposite to each other through the 15

cavity, araf &igr-i2vetbeirk pxbvtdea dealat immpielp @scahiowy forbiee Hyrmalal

per manent \gnet and said yokes, a circuit having a capacitor and a

resi stor connected in series, is connected to said drive coil in parallel,

said capacitor and said resistor connected to said drive 20 coil in

parallel are set to have a capacitance value C and a resistance value r as

expressed by C= /Réﬂ a Jr=Ray, )or apprgﬁhnate to C=La/Ra2, and r=Ra,

respectively. 11 A dlsk To?age appar at onpr|S|ng 25 actuator neans

for positioning a head with respect to a disk; drive nmeans for driving said

actuat®r neans in accordance 78 with an i nput drive signal; voltage

et ecti on | Teans Hle dELEGhifg hoobi 20%0h BAYEE Liiduntt b o Sl 1 3cduiat of

means, and for outputt|n ol tage si stur ance estimation neans

for estlnﬁﬂim@ adnagncbndet@bna dasdusbhatetekengeuhenfszmml@eaHJIr®n1a

si gnal obtal d. by ng, sgl rlve Si e kl.is a

coef fici eft’ 019 &0 Egu ‘%1%%5%1’ 97 I grmutlﬁ"a g%ﬁ“??%ﬁ?‘%ﬁl%lsv%ﬁ%e

signal, arc fwore m@xmumamlgxdlsturbance estlnatlon signal; 10 position

detech'on means for producing a position error signal corresponding to a

curre position of said head from
K=K, *°°°° (12)
Lb.Kv ‘Lbn'Kvn ..... (13)
J J,
15 §=ty - (14)

That is, the value § as the output of the subtracter 48
is equal to the disturbance t, exerted on the arm 3.
Therefore, determining a transfer function from the
20 disturbance 1, exerted on the arm 3 to the disturbance estimation

signal 1,4,., the function is obtained as shown in the formula
15:
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servo information previously recorded on said disk and detected by said
head, and for outputting the position error signal; position control neans
for producing a position control 15 signal corresponding to said position
error signal, and for outputting the position control signal; and
correction nmeans for receiving said position control signal and said

di sturbance estimation signal, conbining a signal obtained by nultiplying
sai d di sturbance estimation 20 signal by 1/k2, where k2 is a coefficient of
a real nunber greater t gﬂ 1, with said position control signal to produce
said drive signal, and Rt ting the drive signal. 12. A disk storage
appar at us gﬁ&ggdinq to cfmim 11, wherein . said coefficients k1 and k2 are
set al nost "equal , t dbma otper.L&8. A di sk” storage apparatus according to
claim11, 79  fhérg 4i 8l ditstyr e €2est i mati on neans conpri ses:

conpari son nmeans for receiving the voltage signal detected by said voltage
detection neans 5 first nultiplication nmeans for multiplying the signal,
whi ch is obtainegl-dy thel EbPhYLAY SaiBedfl ¥EushaRal dut dat 3 ReGRgf i Ci ent
consisting of a first transfer function; second nultiplication nmeans for
mul ti plyi ngs amdarghaodfthedi dheoapanidodimtanbahyear,coefif bei entinansdsti ng

of a seco f ion, . f1rsk 1nt ] or inte ting
the out put b1 s P S TG et St SO s P Y a0
i ntegrati ngoltagd el pirlaideldy byhes Ubtamditri rigpet bé cadddd valkuveunfiet hei vt put

of said S%fQQ%kgle—dot chain line of Fig. 2.

Here, expressing the natural angular frequency
(estimated angular frequency) of the secondary delay system as
0, and the damping factor as {,, the constants g, and g, to
10 stabilize the operation of the disturbance estimation means 12

are expressed by the following formulas 16 and 17, respectively:

J
=2 @ L 16
8 =26, 0, e (16)
J
15 =@, e e 17
g2 ? Lbn’Kvn ( )
2=m2' n
g Lbn'Kvn

Here, setting the estimated angular frequency o, at a
value higher than a position control band fc, and selecting the
damping factor as £, as 0.7 through 1, the disturbance 1, such

20 as a pivot bearing friction, an elastic force and an inertia
force can be correctly estimated by the disturbance estimation
means 12.

Transforming the formula 15 by the use of the formulas

16 and 17, the following formula 18 is obtained:
25
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15 multiplication neans and the output of said first integration nmeans from
the output of said first nmultiplication nmeans, and said conpari son nmeans
conpares said voltage signal with the output of said second integration
means, and outputs a conparison result to said second multiplication neans
and said 20 first integration neans. 1Q A disk storage apparatus according
to claim11l, wherein an estimation frequency of said disturbance estimtion
signal produced by said distpyrbance estimation neans is set at 25 a val ue
higher than a coptrol freq@ency band of said ition control neans . 15. A
di sk storage appdrat ys+§?rrp£{,i sing:? g0 dctua means for positioning a
head with respect to azd %k:°drive neans for driving said actuator neans in
accordancer ith an imgut drive _signal; 5 voltage detection nmeans for
detecting a<vol f?agg/d.pRusedpoPn driving said actuator neans, and for
outputting a voltage signal; position detection neans for producing a
position error signal corresponding to a current position of said head from
10 servo informainni@nevhouslocw asandar O 3a didkskoandedes eched; by said
head, and for outputting the position error signal; position control neans
for produdierns Jogsit iFow -cFft cah biegaampdstiedpsadbhgwnoisad doposktdan
error gigqgé,Fq£d %éﬂ outputting the position control signal; 15

di st ur bance estination nmeans for estimating a magnitude of a disturbance
exerted on sai d Whigdd refemeacsi gnaligobd aittedopyrauibhp fyithe etk @osomi on

trol si I k1, wh 1 ficient of eal nunb t
Than 1, aftEaTom et vagh <ithars Shd'ToF B GUOR a8 ot tonbe

estimati omebisignadys, andthe assumption that the transfer function F(s)

of the filter means 16 is 1 to simplify the explanation. This
10 corresponds to the operation of the positioning control system
with a basic configuration in which the filter means 16 is not
provided between the disturbance estimation means 12 and the
correction means 15.
The block 47 of a portion surrounded with a single-dot
15 chain line of Fig. 2 indicates the detail of the correction means
15. The block 45 outputs the correction signal B obtained by
increasing the disturbance estimation signal T, by 1/ (g Kin)
times to the adder 46. That is, by increasing the disturbance
estimation signal 1, by 1/ (g,K.,) times, the correction signal
20 B required to make the actuator 7 generate a drive force having
a magnitude equivalent to the disturbance estimation signal Ty,
is outputted to the adder 46. Further, the correction signal
B is increased g,, K., times by the blocks 22 and 23, so that the
disturbance estimation signal 1., 1s previously increased
20 1/(gnK.) times to match the magnitude with each other.
Concluding the above explanation, it can be said that the
disk storage apparatus of the first embodiment is configured
such that the disturbance estimation signal 1,.. 1s made to be

exerted on the actuator 7 in a manner to negate the disturbance

30 1,due to a pivot bearing friction of the actuator 7, an elastic
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correction nmeans for receiving said position control signal and said

di sturbance estimation signal, conbining a signal obtained by nultiplying
sai d di sturbance estimation signal by 1/k2, where k2 is a coefficient of a
real nunber greater 25 than 1, with said position control signal to produce
said drive signal, and for outputting the drive signal. 16. A disk storage
apparatus according to claim15, 81 wherein said coefficients kl and k2

are set alnost equal to each other. 17. A disk storage apparatus according
to clai mre ierih Rl StUrdhaciesttome | onl theas ebiprieeke

compart SO {RANS: il /ECEVENE L8 YOIEag% Rl ey SAPLeC! 8Ly, 52 9'.%%' tage
detection neans ; first rrultlpfl cation neans for nultiplying the sighal, 10
whi ch i s abshiogédo by imydatiiginyengrsaddpasict dbak comrage spgaahthyg kdomby a
coefficient, consisting of first, transfer function; second nultiplication
means for ncrﬁﬁ tolupﬁsiljidneg aann%ﬁrtrbéutfl]? ‘sai d conparison neans by a coefficient
consi s6i ng of a Wwierordd tsaashbsck uhicigreng obg afiinest biynp £gk ahd opo reasss f or

integrating the output of said conparison ans an econd_integration
oans for FHBEPArRF B 60 AR Ty Sonta L e Lo ot HoEs bt d
second nulgHdldgeatd b imRaEnshkr sy thet QuhPHéa®§ B3I d Hilgr.sypmuktipbisati on

means, and 20 said conparison means conpares said voltage signal with the
out put of dl@Egraedeondhiishefhat dbatnehasceandesarpatson thepzenzoretesult to

sai d seconth M ihld G QkTRRBS oANG SRbAKT 55SLrL N £OLHL L0 "BRDS one
10 disturbance 1,. Components having the same function as those
in the block diagram of Fig. 2 are indicated by the same symbols
to omit a duplicated explanation.
In the block diagram of Fig. 4A, the block 52 is equivalent
to the block 52 of Fig. 3C, and has a transfer function expressed
15 by the formula 15.
Therefore, from Fig. 4B, the disturbance 1, exerted on
the arm 3 from the outside can be considered to be exerted through
a filter expressed by a transfer function of the formula 19 on
the head positioning control system.
20

2
Dy

2
sE420, w, s+ @,

G,(s)=1-

P42, 0,8
s? 420, 0, 5 +0,
2

o
G,(s)=1- 2
2 P42, 0, 5+ 0,

8 +2, e, 8
s +2f, 0, 5s+0,

Fig. 5 shows the frequency characteristic of a transfer
function G,(s) expressed by the formula 19 as a polygonal line
25 approximation. From the frequency characteristic of the

transfer function G,(s) shown in Fig. 5, at an angular frequency
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18. A di sk storage apparatus according to claim 15, 25 wherein an
estimation frequency of said disturbance estimation signal produced by said
di sturbance estinmation neans is set at 82 a val ue higher than a control
frequency band of said position control nmeans . 19. A disk storage
apparatus conprising: actuator means for positioning a head with,.respect to
a 5 disk; drive neans for driving said actuator neans in accordance with an
i nput drive signal; voltage detection neans for detecting a voltage induced
in drivinglesnd detruaher angansr émiqtﬂ@mcmmoputtbbngafanvbet tﬁagl@ 00 segnal ;

dlsturbanc do stdoreli i St urbance
exerted onensogl d% head %Wg%\% oéb\f ai n@%o QT% %?yl nbs s% “dpéﬁg @
signal by &kHamphiererktipsof ﬁ%ﬁﬁl/deeadeof 'aheecaécmgm@rar@r Eahetlrhehan 1,
and from val t a rodu i dis urb nce _estimation
si gnal ; g@ﬁdﬁ o’ d%tgoé%? gn%E nfsg %JI%YQ& P%ogﬁatsl% C&r T or 1eF YRl

corr esbondmtg—dﬁ)f alcuémmﬁamdﬁmm capaﬂlheﬁdlﬁh@mseﬁg@ fré @uamEyon

previ ously recorded on said disk and detected by said head, and for
out put ti nglAYRE pdwan i e eardtlay ghegJueneyddi-ti on control neans for

producing a posiffan contyd i goalt Holde SRt g, d besa\irﬁje posidd on error
signal, and for outputtlng t he p05|t|on control signal; and correction

means for amhﬁﬂxmenfsmﬁ<$qnﬁmqﬂnﬂd @@@br@ha§|gﬁah ah@nshb@ i sturbamee

ohi ch 15 obeithed By i Perorng Sa T GnaRee: b of o Bhar LBy

1/ k2, 18herfrce or the llke is exerted on the arm 3 the disturbance 1,4
is estimated by the disturbance estimation means 12, and
controlled in a manner to negated the disturbance 1, exerted
from the outside with the disturbance estimation signal T,
Therefore, the disturbance 1, exerted from the outside acts as

15 if the disturbance t, is exerted through a filter having the

cut-off frequency characteristic of the formula 19 and Fig. 5
on the head positioning control system.

Therefore, at a frequency lower than the angular
frequency ®,, the first-order low frequency cut-off

20 characteristic can inhibit the disturbance due to a pivot
bearing friction of the actuator 7, an elastic force of FPC
connecting the actuator 7 with an electronic circuit board, an
inertia forces exerted on the actuator 7 by a shock or vibration
exerted on the disk storage apparatus from the outside, and the

256 like.

That is, even when a vibration or a shock is applied to
the apparatus to cause the disturbance 14, to be exerted on the
actuator 7, the disturbance 1, is estimated by the disturbance
estimation means 12, and controlled in a manner to negated the

30 disturbance 1, exerted from the outside, so that there is an
effect as if the disk storage apparatus is provided with a
mechanical vibration-proof mechanism.

Figs. 6A to 6C are time response waveform views for
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k2 is a coefficient of a real nunber greater than I, to produce 83 a
filter signal, conbining said position control signal with said filter
signal to produce said drive signal, and for outputting the drive signal
20. A di sk storage apparatus according to claim19, 5 wherein said
coefficients kland k2 are set al nost equal to each other. 21. A disk

st orage apparatus according to claim 19, wherein 10 said disturbance
estimation neans conprises: conparison neans for receiving the voltage
si gnal detetRlalimyngahe dic tudansa eehibht hpared feat eStheudisprieancen
means for .l vl [ I, I I iégy% l:t i id
drive signa :%§Bk%#p%§%%% gb%§§F¥F%i%§? %g%g? ?i &?ME ﬁ%é?k¥r€%§ er
functi on; esd@pmhidiend tirplniaed idgtamelans for nultiplying an output of said

conpari son nmeans..b coefficient cqQnsistin f a second transfer. function;
first integrati§1gﬁegﬁés S5 ﬁtgayg Pﬁﬁ %geq85933t83fg5% 25? FRompAT1 son
means; 5anc e i St edatdon, n@aastd 0in | SO 24 | Fer Ge Vak&ter &Rt &h ngge by
subtracting an added val ue of the o%%fut of sgﬁd second nul tiplication
means and AH&GRHut Y SiPIGHUM bt Y o HEEHL IS S H R IR of

sald Tl rs?si’l}ﬂatli Rl 1 cal QN EaNs,y and 2p sald, L d SO BN Sn &P £s sai d

vol tage signal” w fH°t e ‘output of said second Integration neans, an

out put s aVgtﬁﬁ)érh%bﬁ‘$é@@|%awws§@nﬁ%é@§ﬁ§lﬁﬂﬁtli%M@atwil@ﬁil frearea s ai d 84
angular acceleration dw,/dt of 5000 radian/ sec? is exerted on

10 the disk storage apparatus from the outside. Expressing an

inertia moment J about the bearing 4 of the actuator 7 as 0.1g-cm?,

the maximum value of the disturbance 1, becomes as follows:

da,,
a e (20)
=500dyn-cm
do

Tdmax =J- :
dt

Tdmax = J ‘

15

Here, selecting the values of an estimation frequency £,
(0,=2nf,) and a damping factor {, for determining control
parameters of the formulas 16 and 17 as 3 kHz and 1, respectively,
and setting the control band of the positioning control system

20 at 800 Hz, a simulation has been performed.

The disturbance estimation means 12 estimates the
disturbance torque 1, exerted on the actuator 7 from the drive
signal u as the input of the drive means 10 and from the voltage
signal E4 outputted by the voltage detection means 11, and

250 outputs the disturbance estimation signal 7., substantially
similar to the actual disturbance t,, though a little time delay
exists.

Fig. 6B shows a waveform 64 of the drive current I, when

the disturbance estimation signal 71, has been exerted on the
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first integration nmeans. 22. A disk storage apparatus according to claim
19, wherein an estimtion frequency of said disturbance estinmation 5 signal
produced by said disturbance estinmation neans is set at a val ue hi gher than
a control frequency band of said position control neans . 23. A disk
storage apparatus according to claim19, wherein 10 a cut-off frequency of
the filter signal of said correction neans is set at a value snmaller than a
control frequency band of said position control neans . 24. A disk storage
appar at us ¥FRTRT ng:inls merpar orhafedis Héstpedenicentaginahéas Menatespect

to a disk;_dri r V] sai L _peans i h,accordance ,with
an i nput d%ﬁvgﬁgpg%ggﬁlég%Pgégi%ggg%’#%%ggégﬁég%SPIﬁ%?ﬁ%??ﬂég5?%%? %%e
i nduced 20intp dhevcagrsatdonctemiorl Smeanssgaire af Hiuoutpui on rdpea twothage

signal; posjtion detection peans for pro ucingagegosition error. signal

cor r espondi hgEH P ANC e MNP FEIMoA BEMELRELA FhmfepvavREBERRE P on

previ ossl yof et dedvencearénti skwhefl el ealsetirbanky satdmheadn angnéor
outputting the position error signal; position control neans for producing

a positi orfecorits GI0tsiigRAL te6r LospoRle reprreehien meAny df .er Fbe soymae, and

for 85  QUMddngcthe RARI LA e hol: Siagnaly, dh sfilbance estimation
means for estimating a nmagnitude of a dlsturbaﬁgé exerted on said head from
a signal obtai neggervo information recorded on the disk 1 has been recorded
on the disk in a discrete condition having a certain sampling
10 period, so that the head position signal is not a continuous
signal. Therefore, the position control signal c¢ of the
position control means 14 for implementing digital processing
is changed into a step-shaped one. As a result, the waveform
of the drive current I, of the actuator 7 when the disturbance
15 estimation signal 1, is not inputted into the correction means
15 becomes the same waveform as that of the position control
signal c, so that the waveform is changed into a step-shaped
one as shown in the waveform 63 of Fig. 6B (I,=g,c=g,u). The
waveform 64 of the drive current I, of the actuator 7 when the
20 disturbance estimation signal 1, has been inputted into the
correction means 15 is produced by adding the disturbance
estimation signal T4, ©f the disturbance estimation means 12
to the control signal ¢ of the position control means 14 by the
correction means 15, so that the time delay thereof from a point
26  (t=0) when a rotational shock is exerted on the disk storage
apparatus is smaller than that of the waveform 63 of Fig. 6B.
In addition, the waveform 64 is changed smoothly.
Fig. 6C shows a waveform 66 of the track position error
signal e when the disturbance estimation signal 14 has been
30 exerted on the actuator 7 in a manner that the disturbance
estimation signal 1, outputted by the disturbance estimation
means 12 is inputted into the correction means 15 to negate a

fluctuation due to the disturbance, and shows a simulation
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by multiplying said position control signal by k1, where kl is 5 a
coefficient of a real nunber greater than 1, and from said voltage signal,
and for producing a disturbance estinmation signal; and correction nmeans for
receiving said position control signal and said disturbance estinmation
signal, cutting off a 10 high frequency conponent of a signal, which is
obt ai ned by nultiplying said disturbance estimation signal by 1/k2, where
k2 is a coefficient of a real number greater than 1, to produce a filter

signal, coiithihgisaitP Pias §r ebithoPosigian GFERT s W3t & 8RB il to

produce sajiddipih & W imANGH Healr QY RYE HbROaLRE idbL Versignghen 20 A
di sk storage apparatus according to claim24, wherein said coefficients kl

and k2 ar e&et-sinsrveqEdiapes eathtophal. sPockels Ax¢irdledsror blge dbplar at us
accor di ng §t%f%lr%§é rHéapraré’\ﬁf‘s’ & sl i pance etﬁ{dé rHBitétQJ(;‘r conprises.
f etecte y

conpari son mnea recelving the voltage signal said vol tage
det ect bon amamsmti@breianst 18ud 8 igppldatd, ohhrepesi £ bon minamplsyiigng 1t el si gnal ,

whi ch i s aqbtained | tipl.yi sai sition control signal by kl, by a

Coe 11 cf etb Oty gt i 4 85 Yo ERB I (el b ea HAEE asip e

nul tiplicaid ehenRansrben 8lwinap Yhagd et @b Prite &fs tSiaiat icoP@BngON2 Means by
a coefficient consisting of a second transfer function; first integration

neans for Nait ity the sitsfuremaes s igriper iafdfestedis karh second
i ntegration, for integrating a value obtained by subtracting the
out put of said second nmultiplication neans fromthe output of said first
mul ti p0i cati on Aears reawd tsaitdec shipdr isdorassanerenpare Sdihe Vdlnsdge
si gnal V“té%bodiment correctly detects the disturbance due to an inertia
force exerted on the actuator 7 by a vibration or a shock exerted
from the outside by the use of the disturbance estimation means
12 to allow a track dislocation due to the disturbance to be
15 inhibited, whereby the head 2 is controlled at a high accuracy
to be positioned to the target track. Therefore, the tracking
control stable against the shock or vibration can be implemented,
thereby improving the reliability of the disk storage
apparatus.
20 Figs. 7A and 7B are open loop frequency characteristic
views showing the transfer from the position error signal e to
a head position x in the block diagram of the positioning control
system of the disk storage apparatus of the first embodiment
shown in Fig. 2. As can be understood from the gain
25 characteristic view of Fig. 7A, a gain crossover frequency f,
with which the open loop gain becomes zero is 800Hz. Inaddition,
as can be understood from the phase characteristic view of Fig.
7B, with the gain crossover frequency f,, a phase margin 6, is
50 degrees, thus constituting a stable head positioning control
30 system. The reason is as follows. In the block 55 of the
voltage detection means 11 surrounded with a single-dot chain
line shown in Fig. 2, the block 39 with the voltage drop

(R,,tL,,*s) is faithfully expressed to obtain the voltage drop
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10 the output of said second integration nmeans, and outputs a conparison
result to said second nmultiplication neans and said first integration
nmeans. 27. A disk storage apparatus according to claim24, wherein 15 an
estimation frequency of said disturbance estinmation signal produced by said
di sturbance estimation neans is set at a value higher than a control
frequency band of said position control nmeans . 28. A disk storage
apparatus according to claim24, 20 wherein a cut-off frequency of the
filter s. bl Goidargsdstracei Bn #Ram 9ol bdnddCtanesl he DEWEFALRENDY

control <%%ﬁ??%¥ ng95r§@bdc£¥§%ﬁﬁqp'ﬁeQﬁ&Phrgg NSoil .'_65@h§ktﬁéorage

appar at us met hod conprising 25 st eps of : produci ng a“position
error si gnabropka é@po‘mie v tte g sugnehtE,pos thieovo bt age liede citriom seans

[t or mmt | ofy prew Sk By S 800rdled 90, U oho AN At ected by sald, head:

produ0|ng a posi cé%tr S|gnal correspon 9 "sat p05|t|on error
signal 5 artCh@&iIMIdftng Wlthmler@rfatalm s@ﬂrﬁa@c&mﬂ@em on said 5 head
froma drive si of . act uat or neans osi.ti oning said_head and from a

vol tage signal i ey gt dndiate! TeAngr SR 10e38 B0ty

di st urbancghfptin@teOM Sietpdtarce tRNY oEfia 8iﬂjﬂ1£uﬁﬂu€60¥c§ﬁ)ﬁ9@8§gt of
sai d di sturbance estimation signal, “and producing a filter signal

conbi ni ng SAMEL PSS 13 oFL R ol FAILGREIT istitn Caileh 15 1itsera siggnarat gy

glrggug'ynga?fér&ier%' Ve S it ARE PASEEEQRLRI S2hE1NeAdeW b fE8RECILEO said

10 attention should be particularly taken to configure a circuit.
Figs. 8A and 8B are open loop frequency characteristic
views showing the transfer from the position error signal e to
the head position x if only the voltage drop of the coil
resistance R,, is considered among those generated by conducting
15 <the drive current I, to the drive coil 5 while ignoring the
voltage drop of the coil inductance L,, in the block 39 included
in the voltage detection means 11 in the block diagram of the
positioning control system shown in Fig. 2.
As is obvious from the gain characteristic view of Fig.
20 8A and the phase characteristic view of Fig. 8B, if the coil
inductance L,, of the drive coil 5 is omitted for simplification
in the block 39 included in the voltage detection means 11, the
head positioning control system including the disturbance
estimation means 12 becomes unstable. That is, as can be
25 understood from the gain characteristic view of Fig. 8A, the
gain crossover frequency fc with which the open loop gain
becomes zero is 900 Hz and the phase at that time is a lag phase
from -180 degrees, so that the control system becomes unstable.
The voltage drop caused by the coil inductance L,, included in
30 the drive coil 5 is smaller than that caused by the coil
resistance R,,. However, the term (L, ,*s) included in the block
39 included in the voltage detection means 11 is an important

element to stabilize the positioning control system shown in
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drive signal. 30. A disk storage apparatus control method according to 15
claim29, wherein an estimation frequency of said disturbance estimtion
signal is set at a value higher than a control frequency band of said
position control signal. 31. A disk storage apparatus control nethod,
conprising 20 the steps of: producing a position error signal correspondi ng
to a current position of a head fromservo information previously recorded
on a disk and detected by said head; producing a position control signal

cor r espondiity t said 25 position error signal; and estinmating a nagnitude

of a di sturbancefxerfad 053 dohead f 5omaal dnBRRI Lhopi §on nol cshogal and

a voltage signal 88 i nduced in driving said actuator neans, and producing
a di st ur banmcadsld inft Flod tingndl;. st inabuded im bhgholeekdéniy wonpom@nt of
sai d di st e esti 10 ' |, ucing . a, filter .signal.;

conbi ni nthrsogLfjl EO?Q%l@lcnc#ltrféo g}'gngﬁ%\;l\ngglﬁgs%l fai%lttuﬁlrl siréLrYa6I ,Coér}d%
producbng saitchidrd whesiapmadoneartd qfosihel @wviilg realicdthead R tdnd estpectof o sai d
di sk by sai.d dri,ge, signal. 32. A disk storage aggarat us control nmethod
accor di ng ¥§ £81¢| HIWIEANGRerei AN CdSEOTat PERCE FRGURIRTS dft dapg not

di st ur bance,@siddatHeO R chipdtdnti rSeheatod] Vahdg-hhHBEIL L hanrige O ¥ o)
frequency band of said position control signal. 33. A di'sk storage

appar at us tortedi e ddie Rafpliidmigasarie St epss o/ pifdRdilg a position
error signalg 4P rding HPi@eC&S:[PSSt xr%%%tg' @Qd@fe%\ifﬁéﬂeﬂ{f’ﬁ‘ & Y0
on a di sk an d by

information previously recorded et ect sal d” head
produdPng a posiktiigon & afows asiqgmaiu idoaoedfiendiatg daro tsaist &0l Jgors ttiten err or
signal; a t.i mat i ni t ude of .a di,st yrbance exerted .qn said head
froma si rggj(r?ﬁeﬁeﬁo Otrﬁgilnr#;g:oglyt% tsly%(%yelmrfg & d"rhllvcg1 S gcnla cquTeC glcatVLf‘aQ%ra means for
posi ti oni napsaiidt dreadahy & lxeshetrer kil cohnacteef ihcseniesfia daaledisder not

smaller than 1, and from, 5 vol tage si.gnal induced in driving said
act uat or ﬁ@aﬁi{e &Gﬂ-vﬁréﬂl}& B Radurisdnce [8sEiFat Pon2sFERRPSESERDI ni ng a

signal obtigigeedirde MUl tEptKEngisah¥t88aving the capacitor C and the
15 resistor r connected in series is connected to the drive coil
5 in parallel is expressed by the following formula 21. 1In the
formula 21, R, indicates the coil resistance of the drive coil

5 and L, indicates the inductance thereof.

(Ra+La-s{r+CL)
20 Z,= 2L e (21)

Ra+r+La-s+—l—
C:s

Selecting the values of the resistor r and the capacitor
C as shown in formulas 22 and 23, respectively, Za in the formula

21 can be expressed by formula 24.
25
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di sturbance estimation signal by 1/k2, where k2 is a coefficient of a real
nunber greater than 1, with said position control signal, and produci ng
said drive signal; and positioning said head with respect to said disk by
said 5 drive signal. 34 . A disk storage apparatus control nethod according
to claim33, wherein said coefficients k1 and k2 are set al nbst equal to
each other. 10 35. A disk storage apparatus control nethod according to
claim 33, wherein an estinmation_frequency of said disturbance estinmation
signal is set at?aRval ue hi ghef2than a control frequency band of said
position control signal. 15 36. A disk storage apparatus control nethod,
conprising the steps of: producing a position error signal corresponding to
a current positiBretofsa heddef valnee ot hafugsietion rpred tbestypaetorded on

a di sk a”ﬁ: dlieg! 8%5&%@& figad; 20,5/ QHBﬁh”En %ifggsbtéi’é‘ SQteoly, signal
corresponding to Said position error signal; estimating a nmagnitude of a
di st ur Banceh@xeriredhen foaimth lasa @ 2f pamh a3si gaapeobiaehed btiye nubtppsytag sai d

position control signal by k ere k1 is a.coefficient of a real nunber
O eater 2ehtEnSe 0P RbrtseYorragesstRarERRBUERUL B OFi SEHGL ak0 AL or
means, and-gyiosiioide Ra 48 SednbanceneHdrmmilion45i gpalhacemd arigeacsignal
obtained by nultiplying said 90 di sturbance estimation signal by 1/k2,
where k2 i3 d0eIqt GEM VIR Fealnfhiifert i eater i EanG® th-sai d
position cQifsal 908l shaRe 1 PIYCT 919 3ALGn JELY Eng1I2L: rB0Yt having

10 the resistor r and the capacitor C connected in series, to the
drive coil 5 in parallel, it suffices to consider only the
voltage drop caused by the coil resistance R,, generated by the
conductance of the drive current I, to the drive coil 5 in the
block 39 included in the voltage detection means 11 in the block

15 diagram of the positioning control system shown in Fig. 2, and
touse ablock 49 shown in Fig. 10 instead of the block 39 included
in the voltage detection means 11 shown in Fig. 2. As a result,
it is possible to configure the voltage detection means 11 more
simply.

20 In Figs. 8A and 8B, waveforms indicated by dotted lines
are open loop frequency characteristics which show the transfer
from the position error signal e to the head position x if the
block 39 is replaced by the block 49 shown in Fig. 10 and if
the circuit having the resistor r and the capacitor C, expressed

26 by the formulas 22 and 23, respectively, connected in series
is connected in parallel to the drive coil 5 of the actuator
7 across the coil 5, in the block diagram of the positioning
control system of the disk storage apparatus of the first
embodiment shown in Fig. 2. As can be understood from Figs.

30 8A and 8B, the open loop frequency characteristics are almost
equal to those shown in Figs. 7A and 7B.

In the above-mentioned explanation, the stability of the

positioning control system if the coil resistance R,, of the
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positioning said head with respect to said disk by said 5 drive signal. 37.
A di sk storage apparatus control nethod according to claim 36, wherein said
coefficients k1l and k2 are set al nost equal to each other. 10 38. A disk
storage apparatus control nethod according to claim 36, wherein an
estimation frequency of said disturbance estimation signal is set at a

val ue higher than a control frequency band of said position control signal.
15 39. A disk storage apparatus control nethod, conprising the steps. of:

produci ng 29595149 o dinghhe ¥eltagporatagtienanearfeht HOFIidh of a

head from ey ifiar FRLI QR aREBVROWH ¥ HePeended B8R 1asdb sk pad, delpcs£d by
sai d head; 20 producing a positioh control signal corresponding to said
position elrdrssi.grdle fanmudst BmdRLTYa haghitudtied andiherpanefexert ed

on said heagd fyQ e} i il yi a driye signal of
act uat or rn::anéstr %Hr anggs)i {}I?é onﬁﬁ%aﬂslgﬁ%]ﬁéna%%/ ]Eél,lé\j\ﬁle'r eldilsvrll%ﬁa' 25
coeffi bient of dowsalemurdier agridatress itshamck, Randf f tloen dr irod t @gel sh gndl

i nduced in.driving sai ct uat ans, and_producjng a disturbanc

oot |t i orFHE GECRSE O Bt AngLbPE SACAPNCF | ERROREY IER POl T i gnal
which is oldsistethdy vallid ri!sybngn?@'ddfdn$bwnb@n@@mp§t:éﬂméOﬂi§éganiadenby

1/ k2, where k2 is a coefficient of a real nunber greater than 1, and

pr oduci ng % G CUSEER . 5t T SifFi i 9ty aitdpISivFoROEdNProP Reghathe th
sai d filtefrisjgpaky 8nd IHAWS Y s9kd dEitee $odNakes@Bfance R, of the

10 drive coil 5 of the actuator 7 is initially equal to a nominal

value R the resistance value of the drive coil 5 is changed

an’
by the temperature rise during the operation, with the result
that the formula 8 (R,=R,,) is not satisfied.

In Figs. 11A and 11B, waveforms indicated by solid lines

15 are open loop frequency characteristics which show the transfer
from the position error signal e to the head position x if the
coil resistance R, of the drive coil 5 of the actuator 7 is not
equal to the nominal value R,,, in the block diagram of the
positioning control system shown in Fig. 2.

20 Inasimulation, the component of a coil inductanceL,, is omitted
in the block 39 included in the voltage detection means 11, and
frequency characteristics if the coil resistance R, of the drive
coil 5 of the actuator 7 is larger than the nominal value R,
by 5% is obtained while the circuit having the resistor r and

26 the capacitor ¢ connected in series and determined by the
formulas 22 and 23 is connected in parallel to the drive coil
(Fig. 9). That is, as can be understood from the gain
characteristic view of Fig. 11A, the gain crossover frequency
fc with which the open loop gain becomes zero is 500 Hz. As

30 shown in Fig. 11B, phase at that time is approximately -180
degrees. Because of insufficient phase margin, the control

system is unstable.
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positioning said head with respect to said disk by said drive signal. 40. A
di sk storage apparatus control nmethod according to 10 claim 39, wherein
said coefficients k1l and k2are set al nost equal to each other. 41. A disk
storage apparatus control nethod according to claim 39, wherein 15 an
estimation frequency of said disturbance estimation signal is set at a

val ue higher than a control frequency band of said position control signal.
42. A di sk storage apparatus control nethod, conprising the steps of: 20

produci ng a posiNg:@) eheOkighgAakafeer 66ROl Ngi A theC W1 EBY POShEI DA Of a
head from servo information previously recorded on a disk and detected by
sai d head;bguwahicithg @ipostivande citinat iirgnakneol 2 esabotentp #10= Stad sh
position error signal; and 25 estimating a magni tude of a di sturbance
exerted omesaisd Headi ¥ dm adsigniddedbt ai ned by nultiplying said position
control signal by k1, where k1l is a coefficient of a real nunber greater 92
than 1, and frorhra s tHFK StpREgs mPRee® ius ditl iy fHotfatembadsiarent and
producing a di sturbance estimation signal; cutting off a high frequency
conmponént Sfovd ditydalg- vhi i it e ancmA I Pt iR sEidnak Shar bance
estimation signal g b 1/52, where k2 is a coefficient of a real nunber
greater tHHFPRE fﬁ%lOBHE Pt SEprPeRTe §ynidie t i OhResingg Leat 8 FRI1$ONn
control signal, with said filter signal, and producing.sai d drive signal
and posi t1%Ghi T 1% IREH W (301 ety T A i sk by e the

correction means 15 while the coil resistance R, of the drive

coil 5 of the actuator 7 is not equal to the nominal value R,

10 the positioning control system becomes unstable. To stabilize
the positioning control system, therefore, the disturbance
estimation signal 14, outputted fromthe disturbance estimation
means 12 expressed by the block 30 in Fig. 2 is outputted to
the correction means 15 of the block 47 through the filter means

15 16 of the block 54.

The filter means 16 conducts filter processing as
expressed by the transfer function F(s) of the formulas 4 and
5, produces a filter signal f, and inputs the filter signal into
the correctionmeans 15. That is, the high frequency components

20 higher in frequency than the filter low-pass cut-off frequency
f, are cut off by the filter means 16. As a result, the high
frequency components of the disturbance estimation signal T4,
outputted from the disturbance estimation means 12 are not
equivalently outputted to the correction means 15. That is the

26 significance of providing the filter means 16 between the

disturbance estimation means 12 and the correction means 15.

The significance will be described concretely below.
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10 drive signal. 43. A disk storage apparatus control method according to
claim42, wherein said coefficients k1l and k2 are set al nost equal to each
other. 15 44. A disk storage apparatus control nethod according to claim
42, wherein an estimation frequency of said disturbance estinmation signal
is set at a value higher than a control frequency band of said position
control signal. 20 93 .AYfe. AAS AI(@QA,.A(S AA@QA(S. A(S. A;,.A;,. A;

A(.A(@AS. AIN,_. Al A @A ;S A NS Al @AF Al S AlN@A, . A Al@ A
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1-1-\=0! dn ddd $HO% (e tRIELAE bkl malQot0signal 1., produced
10S <s10%& () - 34+ 1 1OV () ~7 X6\ =01 t- #1004 (- 1 p- #100& ()= SH10%& () - ! yH&.
#109&1P) - modR i) yingHa GUR V(e sapnad! u twl 09@ ¢yefficient g, K., of the

ot - <5 109 () TR0 AS () 1 ob ) b0 () G BRRgEeT 31 The
& (Z- :@#lO%ﬁlqua;]J p%&?ﬂ?/f%f/%-%i% gsérg/)‘tflrac_tifg :(L)g the subtracter 31 has
0@ <o 100G TRe Bt Boa e TR bt iR 108 ) Thakiet s Ve
1 #10%' ()sinal u obtained by adding the correction signal P to the
20 control signal c¢ has been inputted into the disturbance
estimation means 12, so that the adder 38 of Fig. 2 has been
required.
However, the disturbance estimation means 17 of the
second embodiment is configured such that the position control
26 signal c is inputted before the correction signal P is added,
so that the adder 38 as shown in Fig. 2 is not required.
Compared to the operation of the disturbance estimation
means 12 of the first embodiment, the operation of the
disturbance estimation means 17 of the disk storage apparatus
30 of the second embodiment configured as explained above will be
explained hereinafter referring to Figs. 2 and 13.
First, in Fig. 2, expressing the input of the second

integrator 42 constituting the disturbance estimation means 12
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While by noting the adder 46 of Fig. 2, the drive signal

u is expressed by the formula 26:

u=c+pf
10 1 e (26)
O Ty
gmn'th
u=c+p
=c+—1_.1-d
un 'Km

est

Therefore, from the formulas 25 and 26, the signal y can

be expressed by the formula 27:

15 Y=Gmn* Ken*C—gyca cvve e (27)
},=gnm .Kln 'c_gl a

Based on the formula 27, the block diagram 30 of the
disturbance estimation means 12 of the first embodiment shown
in Fig. 2 is changed to the block diagram 60 of the disturbance

20 estimation means 17 shown in Fig. 13. As shown in Fig. 13, the
position control signal c produced by the position control means
14 (block 21) is inputted into the multiplier 32, and the output
of themultiplier 32 is inputted into themultiplier 33. Hence,
multiplying the position control signal ¢ by the coefficient

20 g, K, allows the drive torque estimation signal 1., to be
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UVXWKYMYDG:S 1npo&#egokn {9 -they garoogt { pnfmengiy Jagexpreksed by the block
@#10%&f()'ip@g%ggﬁéﬁ)fhélkilter means 16 expressed by the block 54.

5 Therefore, similarly the first embodiment, the disk storage
apparatus of the second embodiment estimates the disturbance
torque acting on the arm 3 from the voltage signal E, produced
by the voltage detection means 11 and the position control
signal c produced by the position control means 14, and outputs

10 the disturbance estimation signal 74, by the function of the
disturbance estimation means 17. The disturbance estimation
signal 14, 1s inputted into the correction means 15 so as to
negate the disturbance 1, such as a pivot bearing friction, an
elastic force, and an inertia force exerted on the arm 3.

15 Further, similarly to the disk storage apparatus of the
first embodiment, since the filter means 16 is inserted between
the output of the disturbance estimation means 17 and the input
of the correction means 15, it is possible to stabilize the
positioning control system even if the coil resistance R, of

20 the drive coil 5 of the actuator 7 is not equal to the nominal
value R,, due to the change of the resistance value by the
resistance fluctuation or temperature rise.

Therefore, the disk storage apparatus of the second
embodiment can correctly detect the disturbance such as an

25 inertia force acting on the actuator 7 due to shock/vibration
applied from the outside by the disturbance estimation means
17. This disk storage apparatus is configured such that even
if the disturbance 1, acts on the actuator 7, such as pivot
bearing friction, an elastic force of the FPC, and an inertia

30 force due to shock/vibration exerted from the outside, the

disturbance estimation means 17 is controlled to estimate this

disturbance 1, and the disturbance 1, exerted from the outside

is negated by the disturbance estimation signal 7., thus
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5 positioning control system. Hence, according to the disk
storage apparatus of the second embodiment, with a frequency
lower than the angular frequency ®,, it is possible to inhibit
the disturbance by the first-order low frequency cut-off
characteristic, and to inhibit a track dislocation due to the

10 disturbance, whereby the head 2 is controlled at a high accuracy
to be positioned to the target track. Therefore, the tracking
control stable against the shock or vibration can be implemented,
thereby improving the reliability of the disk storage
apparatus.

15 As can be seen, according to the disk storage apparatus
of the second embodiment, the number of adders required to
constitute the disturbance estimation means 17 can be reduced
compared with the disk storage apparatus of the first embodiment.
Therefore, compared with the first embodiment, the disk storage

20 apparatus of the second embodiment can estimate the disturbance
T,acting on the arm 3 such as a pivot bearing friction, anelastic
force and an inertia force acting on the head positioning
control system as the disturbance, by simple configuration,
stably control head positioning, and position the head 2 to the

26 target track formed at narrow track pitches with high accuracy.

Furthermore, according to the disk storage apparatus of
the second embodiment, the number of the adders can be reduced,
so that when the positioning control system is embodied with
a hardware such as an analog circuit, the adjustment of such

30 circuit can be simplified. Further, when the positioning
control system is embodied with a software, the computing time
delay by computing process can be shortened.

The disturbance estimation means 12 configured similarly
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Therefore, the control band of the disturbance estimation means

12 can be set higher than that of the positioning control system.

5 Moreover, according to the disk storage apparatus of the
second embodiment, the number of the adders constituting the
disturbance estimation means 17 can be reduced. Therefore,

when the control system is embodied with a hardware such as an

analog circuit, the adjustment of such circuit canbe simplified.

10 Further, when the control system is embodied with a software,
the computing time delay by computing process can be shortened,
thereby making it possible to set the control band higher.

Additionally, according to the disk storage apparatus of

the second embodiment, by inserting the filter means 16 between

15 the output of the disturbance estimation means 12 and the input
of the correction means 15, it is possible to stabilize the

positioning control system even if the coil resistance R, of

the drive coil 5 of the actuator 7 is not equal to the nominal
value R,, due to the change of the resistance value by the

20 resistance fluctuation or temperature rise.

Third Embodiment
Fig. 14 is a block diagram showing the configuration of
amagnetic disk storage apparatus which is one example of a disk
25 storage apparatus in the third embodiment according to the
present invention. Fig. 15 is ablock diagram showing the whole
configuration of the positioning control system of the magnetic
disk storage apparatus in the third embodiment. In the third
embodiment, the filter means 16 and the block 54 having the
30 transfer function F(s) in the first embodiment are not provided.
Disturbance estimation means 12A and correction means 15A
partially differ from the disturbance estimation means 12 and

cosrrection means 15 in the first embodiment. The
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that components or members having the same functions as those
shown in the first embodiment are denoted by the same numerals,

5 respectively and will not be repeatedly explained herein.
Next, the operation of the positioning control system of
the disk storage apparatus in the third embodiment will be
explained hereinafter.
In Figs. 16A and 16B, waveforms indicated by broken lines
10 are open loop frequency characteristics which show the transfer
from the position error signal e to the head position x if the
coil resistance R, of the drive coil 5 of the actuator 7 is not

equal to the nominal value R in the block diagram of the

anf/
positioning control system shown in Fig. 15. In a simulation,

15 frequency characteristics if the component of the coil
inductance L,, is omitted in the block 39 included in the voltage
detection means 11 and if the coil resistance R, of the drive
coil 5 of the actuator 7 is larger than the nominal value R,,
by 5%, is obtained. That is, as can be understood from the gain

20 characteristic view indicated by a broken line in Fig. 16A, the
gain crossover frequency f.with which the open loop gain becomes
zero is 300 Hz and the phase is almost equal to -210 degrees.
Because of lack of phase margin, the positioning control system
1s unstable.

25 Next, explanation will be given to a case where the gain
crossover frequency with which the open loop gain becomes zero
is greatly decreased from that shown in Fig. 7 (R,=R,,) if the
coil resistance R, of the drive coil 5 of the actuator 7 is higher
than the nominal value R,, by 5%.

30 If the coil resistance R, of the drive coil 5 of the

actuator 7 is not equal to the nominal value R,,, the voltage

signal E,; is expressed by the following formula 28:
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5 change of the resistance value caused by the resistance
fluctuation or temperature rise, the voltage signal E, of the
voltage detectionmeans 11 is equal to the output of the addition
result of adding the induced voltage E, induced across the drive
coil 5 by the rotation of the actuator 7 to the voltage drop
10  (R,-R,,) ‘I, generated by the conduction of the drive current I,
into the drive. coil 5.
Figs. 17A and 17B are block diagrams for explaining that
the gain changes if the coil resistance R, of the drive coil
5 of the actuator 7 is not equal to the nominal value R_, due
15 to the change of the resistance value caused by the resistance
fluctuation or temperature rise.
Fig. 17A is a block diagram obtained by changing the block
diagram of Fig. 3B while noting the second term of the formula
28. Fig. 17B is a block diagram equivalently transformed from
20 the block diagram of Fig. 17A. Fig. 17C is a block diagram
obtained by changing a part of the block diagram of Fig. 15 based
on the block diagram of Fig. 17B. That is, if R, is not equal
to R,,, this is equivalent to the addition of the negative
feedback loop of the blocks 54, 52 and 45 to the block 22 (the
20 transfer function is g,) in the block diagram of Fig. 15.
In the block diagram of Fig. 17C, the composite transfer
frequency G,(s) from the position control signal c to the drive

current I, is expressed by the following formula 29.

30 G, (s)= £ PR PR (29)
l+gm .Jn(Ra—Ran)' wo

2 2
gmn Lbn'Kvn'Kth s +2é’o'w0's+a)o

s
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1 is set sufficiently higher than the position control band f_,

so that formula 30 is established. As a result, the formula

29 can be simplified to formula 31.

5
@ 2
- 0 =1 e (30)
g
G (S)= n. @ s e e e (31)
" J (R, —-R
1+ gm . "( a an).s
gnm Lbn'Kvn'th
10 In the formula 31, at R,=R,,, G,(s)=g,; however, at R#R,,,
the gain G,(s) decreases.
Here, if g,, 1s substituted as shown in the following
formula 32, the formula 31 is transformed to formula 33.
15 gmn=k'gm ..... (32)

—_ gn1 lllll
Gm(s)_l-'-l.‘]n(Ra_Ra") (33)
k Lhn'Kvn'th

Here, selecting, as the coefficient k of a real number,

20 a number sufficiently greater thanl (k» 1), the term including
(R,~R,,) in the denominator of the formula 33 can be regarded

as 0. Evenif R, #R,,, the formula 33 can be expressed by formula

34 by approximation.

25 Gu(s)=g, - (34)

As stated above, according to the third embodiment, even

if the coil resistance R, of the drive coil 5 of the actuator
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the resistance value by the resistance fluctuation or
temperature rise, the composite transfer function G,(s) from
the position control signal ¢ to the drive current I, does not
5 change and the formula 34 is always established by setting the
coefficient k of the actual number sufficiently greater. The
significance of this formula is that it does not include R, and
R

the resistance fluctuation or temperature rise, the open loop

ane Therefore, even if the coil resistance R, changes due to

10 gain of the positioning control system does not greatly change,
making it possible to stabilize the positioning control system.

In Figs. 16A and 16B, waveforms indicated by solid lines

are open loop frequency characteristics which show the transfer
from the position error signal e to the head position x if the

15 coefficient k of the formula 32 is 50 in the block diagram of
the positioning control system shown in Fig. 15. In a
simulation, similarly to the cases indicated by broken lines
(k=1) in Figs. 16A and 16B, frequency characteristics are
obtained if the coil resistance R, of the drive coil 5 of the

20 actuator 7 is higher than the nominal value R, by 5%. As can
be understood from the gain characteristic view indicated by
the solid line in Fig. 16A, the gain crossover frequency f. with
which the open loop gain becomes zero is 800 Hz. In addition,
as can be understood from the phase characteristic view

256 indicated by the solid line in Fig. 16B, with the gain crossover
frequency f., the phase margin 8, is 50 degrees, thus
constituting a stable head positioning control system.

That is, setting the coefficient g,, of the block 32 in

the block 30A of the disturbance estimation means 12A and the

30 coefficient g,, of the denominator of the block 45 of the
correction means 15A shown in Fig. 15 to be k times (k » 1) of
the transfer function g, of the block 22, it is possible to

stabilize the positioning control system even if the coil
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value by the resistance fluctuation or temperature rise.

In the block 30A of the disturbance estimation means 12A

5 in Fig. 15, the block 32 of the first multiplier 41 into which

the drive signal u is inputted has a coefficient g,,, meaning

that the block 32 multiplies the drive signal u by g,,- This

Jnn 18 exXpressed by approximation (g,,=~k'g,,) in the formula 32.

Here, the block 32 can be considered while dividing the

10 block 32 into a block having a coefficient g, and a block having

a coefficient k, (=k). 1In this case, similarly to the formula

6 in the first embodiment, the following formula 35 can be set:

15
If changing Fig. 15 by changing the block 32 to a block

having the coefficient g,, equal to the coefficient g, and the
block 71 to a block having the coefficient having a coefficient
k,, a block diagram as shown in Fig. 19 is obtained. The

20 coefficient of the block 45, into which the disturbance
estimation signal T4, is inputted from the first integrator
43, is (1/9,,*K.,) and includes g,,. Therefore, in Fig. 19, a
block 72 having a coefficient (1/k,) is arranged between the
first integrator 43 and the block 45. Here, the relationship

25 Dbetween k; of the block 71 and k, of the block 72 is basically

as shown in the following formula 36.

30 Practically, however, the condition of the formula 36 is
not always essential but k; and k, may be approximate to each
other with a certain degree of allowance. That is, ks can be

expressed by formula 37 wherein an allowance coefficient n is
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5 The concrete value of the allowance coefficient n may be
appropriately set according to the specification of the actual
apparatus. Empirically, the allowance coefficient 1 may be in
a range of 0.7 to 1.3, preferably 0.8 to 1.2, more preferably
0.9 to 1.1. These can be expressed as shown in formulas 38,

10 39 and 40, respectively.

0.7k, < k, € 1.3k, +++-- (38)

0.8k, < k, € 1.2k, +++- (39)
15

0.9k, < k, € 1.1k, +++-- (40)

It is ideal that the coefficient n is 1.0.
If changing Fig. 14 to correspond to Fig. 19, the block
20 diagrambecomes that shown in Fig. 18. That is, the disturbance
estimation means 12A of the third embodiment is the combination
of the disturbance estimation means 12 of the first embodiment
and the first correction multiplication means 18 of the third
empbodiment. In addition, the correction means 15A of the third
25 embodiment is the combination of the correction means 15 of the
first embodiment and the second correctionmultiplication means
19 of the third embodiment. The first correction
multiplication means 18 having the transfer function of k, is
inserted into the path for transferring the drive signal u from
30 the correction means 15 to the disturbance estimation means 12,
and the second correction multiplication means 19 having the
transfer function of k, is inserted into the path for

transferring the disturbance estimation signal t,, from the
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multiplication means 18, and block 72 corresponds to the second
correction multiplication means 19.

5 If the third embodiment is described based on Figs. 18
and 19, the disturbance estimation means 12A is configured to
generate the disturbance estimation signal 14, from the signal
obtained by multiplying the drive signal u by k; and the voltage
signal E;. The correction means 15A is configured to combine

10 the position control signal ¢ with the signal obtained by
multiplying the disturbance estimation signal 7, by 1/k,.
The disk storage apparatus in the third embodiment is
configured such that the drive signal u outputted from the block
47A is inputted into one of the input signals for the disturbance
15 estimation means 12A. Needless to say, the same effect can be
attained even if the drive current I, outputted from the drive
means 10 outputted from the block 22 instead of the drive signal

u is used.

20 Fourth Embodiment
Fig. 20 is a block diagram showing the configuration of
a magnetic disk storage apparatus which is one example of a disk
storage apparatus in the fourth embodiment according to the
present invention. Fig. 21 is ablock diagram showing the whole
25 configuration of the positioning control system of the magnetic
disk storage apparatus in the fourth embodiment. 1In the fourth
embodiment, the filter means 16 and the block 54 having the
transfer function F(s) in the second embodiment are not provided.
Inputs to the disturbance estimation means 17A of the fourth
30 embodiment differ from those of the disturbance estimation
means 12A of the third embodiment. That is, the voltage signal
Ey from the voltage detection means 11 and the position control

signal c¢ from the position control means 14 are inputted into
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embodiment shown in Figs. 14 and 15. It isnoted that components
or mempers having the same functions as those shown in the third

5 embodiment are denoted by the same numerals, respectively and
will not be repeatedly explained herein.

The relationship between the disk storage apparatus of
the fourth embodiment shown in Fig. 20 and that of the third
embodiment shown in Fig. 14 corresponds to the relationship

10 between the disk storage apparatus of the second embodiment
shown in Fig. 12 and that of the first embodiment shown in Fig.
1. However, the filter means 16 is not provided. In the third
embodiment shown in Fig. 14, the voltage signal E, produced by
the voltage detection means 11 and the drive signal u are

15 inputted into the disturbance estimation means 12A. 1In the
fourth embodiment shown in Fig. 20, the voltage signal E4
produced by the voltage detection means 11 and the position
control signal ¢ produced by the position control means 14 are
inputted into the disturbance estimation means 17A.

20 Therefore, in the fourth embodiment, the formulas 25 to
27 are established. Accordingly, if the block 30A of the
disturbance estimation means 12A of the third embodiment shown
in Fig. 15 is changed, it becomes equal to the block 60A of the
disturbance estimation means 17A shown in Fig. 21. This

25 corresponds to Fig. 13 in the second embodiment. However, the
block 54 corresponding to the filter 16 is not provided.

Further, by configuring the apparatus similarly to the
third embodiment, the formulas 28 to 40 are established in the
fourth embodiment. In the formula 32, by setting the

30 coefficient k of the actual number sufficiently greater, it is
possible to stabilize the positioning control system even if
the coil resistance R, of the drive coil 5 of the actuator 7

is not equal to the nominal value R,, due to the change of the
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10
resistance value by the resistance fluctuation or temperature
rise.
As a result, according to the disk storage apparatus of
the fourth embodiment, the disturbance such as an inertia force
5 acting on the actuator 7 due to shock/vibration exerted from
the outside can be correctly detected by the disturbance
estimation means 17A. Even if the disturbance 1, acts on the
actuator 7, such as pivot bearing friction, an elastic force
of the FPC, and an inertia force due to shock/vibration exerted
10 from the outside, the disturbance estimation means 17A is
controlled to estimate this disturbance 1, and the disturbance
T, exerted from the outside is negated by the disturbance
estimation signal 14 thus estimated. Therefore, similarly to
the third embodiment, the disturbance t, exerted from the

15 outside acts as if the disturbance 1, is exerted through a filter

having the cut-off frequency characteristic of the formula 19
and Fig. 5 on the positioning control system. Hence, according
to the disk storage apparatus of the fourth embodiment, with
a frequency lower than the angular frequency o,, it is possible

20 to inhibit the disturbance by the first-order low frequency
cut-off characteristic, and to inhibit a track dislocation due
to the disturbance, whereby the head 2 is controlled at a high
accuracy to be positioned to the target track. Therefore, the
tracking control stable against the shock or vibration can be

25 implemented, thereby improving the reliability of the disk
Storage apparatus.

As can be seen, according to the disk storage apparatus
of the fourth embodiment, the number of adders required to
constitute the disturbance estimation means 17A can be reduced

30 comparedwith the disk storage apparatus of the third embodiment.
Therefore, compared with the third embodiment, the disk storage
apparatus of the fourth embodiment can estimate the disturbance

1,acting on the arm 3 such as a pivot bearing friction, an elastic
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force and an inertia force acting on the head positioning
control system as the disturbance, by simple configuration,
stably control head positioning, and position the head 2 to the
target track formed at narrow track pitches with high accuracy.
5 Furthermore, according to the disk storage apparatus of the
fourth embodiment, the number of the adders can be reduced, so
that when the positioning control system is embodied with a
hardware such as an analog circuit, the adjustment of such
circuit can be simplified. Further, when the positioning
10 control system is embodied with a software, the computing time
delay by computing process can be shortened.

Similarly to the third embodiment, the disturbance
estimation means 17A is not affected by the sampling frequency
of the sector servo of the disk storage apparatus. Therefore,

15 the control band of the disturbance estimation means 17A can
be set higher than that of the positioning control system.

Moreover, according to the disk storage apparatus of the
fourth embodiment, the number of the adders constituting the
disturbance estimation means 17A can be reduced. Therefore,

20 when the control system is embodied with a hardware such as an
analog circuit, the adjustment of such circuit canbe simplified.
Further, when the control system is embodied with a software,
the computing time delay by computing process can be shortened,
thereby making it possible to set the control band higher.

25 If changing Figs. 20 and 21 using the coefficients k; and
k,similarly to the third embodiment, the block diagrams become
those shown in Fig. 22 and 23, respectively. That is, the
disturbance estimation means 17A of the fourth embodiment is
the combination of the disturbance estimation means 17 of the

30 second embodiment and the first correctionmultiplication means
18 of the fourth embodiment. In addition, the correction means
15A of the fourth embodiment is the combination of the

correction means 15 of the second embodiment and the second
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correction multiplication means of the fourth embodiment.
The first correction multiplication means 18 having the
transfer function of k; is inserted into the path for
transferring the drive signal u from the correction means 15
to the disturbance estimation means 17, and the second
correctionmultiplicationmeans 19 having the transfer function
of k, is inserted into the path for transferring the disturbance
estimation signal 1, from the disturbance estimation means 17
to the correctionmeans 15. InFig. 23, theblock 71 corresponds
to the first correction multiplication means 18, and block 72
corresponds to the second correction multiplication means 19.

If the fourth embodiment is described based on Figs. 22
and 23, the disturbance estimation means 17A is configured to
generate the disturbance estimation signal 7., from the signal
obtained by multiplying the position control signal c by k, and
the voltage signal E;. The correction means 15A is configured
to combine the position control signal c with the signal
obtained by multiplying the disturbance estimation signal T4,
by 1/k,.

The following embodiments may be employed besides the
above-mentioned embodiments. As shown in Fig. 24, the first
and third embodiments may be combined. As shown in Fig. 25,
the second and fourth embodiments may be combined. That is,
in either embodiment, the filter means 16 for cutting off the
high frequency components of the disturbance estimation signal
Tqest -5 added to the correction means 15A.

In the disk storage apparatus in the first to fourth
embodiment explained so far, the multipliers and integrators
are configured by analog filters. Alternatively, they can be
configured by digital filters. Further, the respective
components constituting the positioning control system in each
empbodiment may be embodied in a software by a microcomputer.

While the disk storage apparatuses of the first to fourth
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such as an optical disk storage apparatus and a magneto-optical
5 disk storage apparatus.
As stated so far, according to the disk storage apparatus
of the present invention, to estimate the disturbance such as
a pivot bearing friction, an elastic force or an inertia force
exerted on the actuator means, the disturbance estimation
10 signal is produced by combining one of the drive signal and the
position control signal with the voltage signal induced across
the drive coil of the actuator means. Since the voltage signal
is a continuous signal, it is possible to correctly detect the
disturbance, compared with the conventional art using discrete
15 servo information. Accordingly, even if the fluctuation of the
disturbance during following operation directed toward the
target track is large, it is possible to surely compensate this
fluctuation and to improve the positioning accuracy of the head
with respect to the target track. Besides, by negating the
20 inertia force exerted on the actuator means due to
shock/vibration from the outside, it is possible to improve the
shock resistance characteristic of the disk storage apparatus
and to stably implement head positioning control.
According to the disk storage apparatus of the present
20 invention, besides the above-stated functions and effects, to
produce the drive signal based on the position control signal
for the head position and the disturbance estimation signal,
the high frequency components of the disturbance estimation
signal are cut off by the filter means to thereby produce a filter
30 signal, and the filter signal is combined with the position
control signal for the head position to thereby produce the
drive signal. Therefore, it is possible to stabilize the

positioning control system even if the coil resistance of the
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Moreover, the disturbance estimation means is configured

5 toproduce the disturbance estimation signal based on the signal
obtained by multiplying the drive signal or position control
signal by k;, and the voltage signal, and the correction means
is configured to produce the drive signal by combining the
signal obtained by multiplying the disturbance estimation

10 signal by 1/k, with the position control signal (k; » 1, k, »
1l). By so configuring, it is possible to stabilize the
positioning control system even if the coil resistance of the
drive coil of the actuator means is not equal to the nominal
value due to the change of the resistance value by the resistance
15 fluctuation or temperature rise.

Hence, particularly if the influence of the disturbance,
which 1s exerted on the actuator means, on the positioning
control system increases as the actuator means is made small
in size and light in weight and the resistance fluctuation of

20 the drive coil and the change of the resistance value occur,
the disk storage apparatus of the present invention can deal
with more diverse conditional changes by improving the head
positioning accuracy and improve the track density compared
from the conventional apparatus. It is, therefore, possible

256 to realize a large capacity disk storage apparatus.
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G Y7 1T#109% (@ctadttlOWRah)s- Zdr positioning a head with respect to a
disk;
5 drive means for driving said actuator means in accordance
with an input drive signal;
voltage detection means for detecting a voltage induced
in driving said actuator means, and for outputting a voltage
signal;

10 disturbance estimation means for estimating a magnitude
of a disturbance exerted on said head from said drive signal
and said voltage signal, and for producing a disturbance
estimation signal;

filter means for cutting off a high frequency component

15 of said disturbance estimation signal, and for outputting a

filter signal;

position detection means for producing a position error
signal corresponding to a current position of said head from
servo information previously recorded on said disk and detected

20 by said head, and for outputting the position error signal;

position control means for producing a position control
signal corresponding to said position error signal, and for
outputting the position control signal; and

correction means for combining said position control

20 signal with said filter signal to produce said drive signal,
and for outputting the drive signal.

2. A disk storage apparatus according to claim 1, wherein
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first integration means for integrating the output of
10 said comparison means; and
second integration means for integrating a value obtained
by subtracting the added value of the output of said second
multiplication means and the output of said first integration
means from the output of said first multiplication means, and
15 said comparison means compares said voltage signal with
the output of said second integration means, and outputs a
comparison result to said second multiplication means and said
first integration means.
3. Adisk storage apparatus according to claim 1, wherein
20 an estimation frequency of said disturbance estimation
signal produced by said disturbance estimation means is set at
a value higher than a control frequency band of said position
control means
4. A disk storage apparatus according to claim 1, wherein
25 a cut-off frequency of said filter means is set at a value
lower than a control band of said position control means

5. A disk storage apparatus according to claim 1, wherein
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series, 1s connected to said drive coil in parallel,
said capacitor and said resistor connected to said drive
coil in parallel are set to have a capacitance value C and a
10 resistance value r as expressed by
C=La/Ra?, and r=Ra, or
approximate to C=La/Ra®, and r=Ra, respectively.
6. A disk storage apparatus, comprising:
actuator means for positioning a head with respect to a
15 disk;
drive means for driving said actuator means in accordance
with an input drive signal;
voltage detection means for detecting a voltage induced
in driving said actuator means, and for outputting a voltage
20 signal;
position detection means for producing a position error
signal corresponding to a current position of said head from
servo information previously recorded on said disk and detected
by said head, and for outputting the position error signal;
25 position control means for producing a position control

signal corresponding to saild position error signal, and for

outputting the position control signal;
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of a disturbance exerted on said head from said voltage signal
and said position control signal, and for producing a
disturbance estimation signal;

5 filter means for cutting off a high frequency component
of said disturbance estimation signal, and for outputting a
filter signal; and

correction means for combining said position control
signal with said filter signal to produce said drive signal,

10 and for outputting the drive signal.

7. A disk storage apparatus according to claim 6, wherein

said disturbance estimation means comprises:

comparison means for receiving the voltage signal
detected by said voltage detection means ;

15 first multiplication means for multiplying said position
control signal by a coefficient consisting of a first transfer
function;

second multiplication means for multiplying an output of
said comparison means by a coefficient consisting of a second

20 transfer function;

first integration means for integrating the output of
said comparison means; and

second integration means for integrating a value obtained
by subtracting the output of said second multiplication means

26 from the output of said first multiplication means, and

said comparison means compares said voltage signal with

the output of said second integration means, and outputs a
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signal produced by said disturbance estimation means is set at
a value higher than a control frequency band of said position
control means .
9. A disk storage apparatus according to claim 6, wherein
a cut-off frequency of said filter means is set at a value
10 smaller than a control band of said position control means .
10. Adisk storage apparatus according to claim 6, wherein
said actuator means is configured by a permanent magnet
fixedly attached to at least one yoke of a pair of yokes in a
cavity of the pair of yokes opposite to each other through the
15 cavity, and a drive coil provided in a magnetic cavity formed
by said permanent magnet and said yokes,
a circuit having a capacitor and a resistor connected in
series, 1s connected to said drive coil in parallel,
sald capacitor and said resistor connected to said drive
20 coil in parallel are set to have a capacitance value C and a
resistance value r as expressed by
C=La/Ra?, and r=Ra, or
approximate to C=La/Ra’, and r=Ra, respectively.
11. A disk storage apparatus comprising:
25 actuator means for positioning a head with respect to a
disk;

drive means for driving said actuator means in accordance
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of &4 disturbance exerted on said head from a signal obtained
by multiplying said drive signal by k;, where k, is a coefficient
of a real number not smaller thanl, and fromsaid voltage signal,
and for producing a disturbance estimation signal;

10 position detection means for producing a position error
signal corresponding to a current position of said head from
servo information previously recorded on said disk and detected
by said head, and for outputting the position error signal;

position control means for producing a position control

15 signal corresponding to said position error signal, and for
outputting the position control signal; and

correction means for receiving said position control
signal and said disturbance estimation signal, combining a
signal obtained by multiplying said disturbance estimation

20 signal by 1/k,, where k, is a coefficient of a real number greater
than 1, with said position control signal to produce said drive
signal, and for outputting the drive signal.

12. A disk storage apparatus according to claim 11,
wherein

25 said coefficients k, and k, are set almost equal to each

other.

13. A disk storage apparatus according to claim 11,
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comparison means for receiving the voltage signal
detected by said voltage detection means ;
5 first multiplication means for multiplying the signal,
which is obtained by multiplying said drive signal by k,, by
a coefficient consisting of a first transfer function;
second multiplication means for multiplying an output of
said comparison means by a coefficient consisting of a second
10 transfer function;
first integration means for integrating the output of
said comparison means; and
second integration means for integrating a value obtained
by subtracting the added value of the output of said second
15 multiplication means and the output of said first integration
means from the output of said first multiplication means, and
said comparison means compares said voltage signal with
the output of said second integration means, and outputs a
comparison result to said second multiplication means and said
20 first integration means.
14. A disk storage apparatus according to claim 11,
wherein
an estimation frequency of said disturbance estimation
signal produced by said disturbance estimation means is set at
26 a value higher than a control frequency band of said position

control means

15. A disk storage apparatus comprising:
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drive means for driving said actuator means in accordance

with an input drive signal;

5 voltage detection means for detecting a voltage induced
in driving said actuator means, and for outputting a voltage
signal;

position detection means for producing a position error
signal corresponding to a current position of said head from

10 servo information previously recorded on said disk and detected
by said head, and for outputting the position error signal;

position control means for producing a position control
signal corresponding to said position error signal, and for
outputting the position control signal;

15 disturbance estimation means for estimating a magnitude
of a disturbance exerted on said head from a signal obtained
by multiplying said position control signal by k;, where k1l is
a coefficient of a real number greater than 1, and from said
voltage signal, and for producing a disturbance estimation

20 signal; and

correction means for receiving said position control
signal and said disturbance estimation signal, combining a
signal obtained by multiplying said disturbance estimation
signal by 1/k,, where k, is a coefficient of a real number greater

25 than 1, with said position control signal to produce said drive

signal, and for outputting the drive signal.

16. A disk storage apparatus according to claim 15,
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17. A disk storage apparatus according to claim 15,
5 wherein
said disturbance estimation means comprises:
comparison means for receiving the voltage signal
detected by said voltage detection means ;
first multiplication means for multiplying the signal,
10  which is obtained by multiplying said position control signal
by k,, by a coefficient consisting of a first transfer function;
second multiplication means for multiplying an output of
said comparison means by a coefficient consisting of a second
transfer function;
15 first integration means for integrating the output of
said comparison means; and
second integrationmeans for integrating a value obtained
by subtracting the output of said second multiplication means
from the output of said first multiplication means, and
20 said comparison means compares said voltage signal with
the output of sald second integration means, and outputs a
comparison result to said second multiplication means and said
first integration means.
18. A disk storage apparatus according to claim 15,
25 wherein

an estimation frequency of said disturbance estimation

signal produced by said disturbance estimation means is set at
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actuator means for positioning a head with respect to a
5 disk;
drive means for driving said actuator means in accordance
with an input drive signal;
voltage detection means for detecting a voltage induced
in driving said actuator means, and for outputting a voltage
10 signal;
disturbance estimation means for estimating a magnitude
of a disturbance exerted on said head from a signal obtained
by multiplying said drive signal by k,, where k;, is a coefficient
of a real number greater than 1, and from said voltage signal,
15 and for producing a disturbance estimation signal;
position detection means for producing a position error
signal corresponding to a current position of said head from
servo information previously recorded on said disk and detected
by said head, and for outputting the position error signal;
20 position control means for producing a position control
signal corresponding to said position error signal, and for
outputting the position control signal; and
correction means for receiving said position control
signal and said disturbance estimation signal, cutting off a
26 high frequency component of a signal, which is obtained by
multiplying said disturbance estimation signal by 1/k,, where

k, is a coefficient of a real number greater than 1, to produce
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20. A disk storage apparatus according to claim 19,
5 wherein
said coefficients k; and k, are set almost equal to each
other.
21. A disk storage apparatus according to claim 19,
wherein
10 said disturbance estimation means comprises:
comparison means for receiving the voltage signal
detected by said voltage detection means ;
first multiplication means for multiplying the signal,
which is obtained by multiplying said drive signal by k,, by
15 a coefficient consisting of a first transfer function;
second multiplication means for multiplying an output of
said comparison means by a coefficient consisting of a second
transfer function;
first integration means for integrating the output of
20 said comparison means; and
second integrationmeans for integrating a value obtained
by subtracting an added value of the output of said second
multiplication means and the output of said first integration
means from the output of said first multiplication means, and
25 said comparison means compares said voltage signal with
the output of said second integration means, and outputs a

comparison result to said second multiplication means and said
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first integration means.
22. A disk storage apparatus according to claim 19,
wherein
an estimation frequency of said disturbance estimation
5 signal produced by said disturbance estimation means is set at
a value higher than a control frequency band of said position
control means
23. A disk storage apparatus according to claim 19,
wherein
10 a cut-off frequency of the filter signal of said
correction means is set at a value smaller than a control

frequency band of said position control means

24. A disk storage apparatus comprising:
15 actuator means for positioning a head with respect to a
disk;
drive means for driving said actuator means in accordance
with an input drive signal;
voltage detection means for detecting a voltage induced
20 in driving said actuator means, and for outputting a voltage
signal;
position detection means for producing a position error
signal corresponding to a current position of said head from
servo information previously recorded on said disk and detected
256 by said head, and for outputting the position error signal;
position control means for producing a position control

signal corresponding to said position error signal, and for
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15

20

25

of a disturbance exerted on said head from a signal obtained
by multiplying said position control signal by k;, where k; is
a coefficient of a real number greater than 1, and from said
voltage signal, and for producing a disturbance estimation
signal; and

correction means for receiving said position control
signal and said disturbance estimation signal, cutting off a
high frequency component of a signal, which is obtained by
multiplying said disturbance estimation signal by 1/k,, where
k, is a coefficient of a real number greater than 1, to produce
a filter signal, combining said position control signal with
said filter signal to produce said drive signal, and for
outputting the drive signal.

25. A disk storage apparatus according to claim 24,
wherein

said coefficients k, and k, are set almost equal to each
other.

26. A disk storage apparatus according to claim 24,
wherein

said disturbance estimation means comprises:

comparison means for receiving the voltage signal
detected by said voltage detection means ;

first multiplication means for multiplying the signal,
which is obtained by multiplying said position control signal

by k;, by a coefficient consisting of a first transfer function;
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first integration means for integrating the output of
5 said comparison means; and
second integration means for integrating a value obtained
by subtracting the output of said second multiplication means
from the output of said first multiplication means, and
said comparison means compares said voltage signal with
10 the output of said second integration means, and outputs a
comparison result to said second multiplication means and said
first integration means.
27. A disk storage apparatus according to claim 24,
wherein
15 an estimation frequency of said disturbance estimation
signal produced by said disturbance estimation means is set at
a value higher than a control frequency band of said position
control means
28. A disk storage apparatus according to claim 24,
20 wherein
a cut-off frequency of the filter signal of said
correction means is set at a value lower than a control frequency
band of said position control means
29. A disk storage apparatus control method comprising
26 the steps of:
producing a position error signal corresponding to a

current position of a head from servo information previously
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position error signal; and
estimating a magnitude of a disturbance exerted on said
b head from a drive signal of actuator means for positioning said
head and from a voltage signal induced in driving said actuator
means, and producing a disturbance estimation signal;
cutting off a high frequency component of said
disturbance estimation signal, and producing a filter signal;
10 combining said position control signal with said filter
signal, and producing said drive signal; and
positioning said head with respect to said disk by said
drive signal.
30. A disk storage apparatus control method according to
15 claim 29, wherein
an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band
of said position control signal.
31. A disk storage apparatus control method, comprising
20 the steps of:
producing a position error signal corresponding to a
current position of a head from servo information previously
recorded on a disk and detected by said head;
producing a position control signal corresponding to said
20 position error signal; and

estimating a magnitude of a disturbance exerted on said

head from said position control signal and a voltage signal
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5 combining said position control signal with said filter
signal, and producing said drive signal; and
positioning said head with respect to said disk by said
drive signal.
32. A disk storage apparatus control method according to
10 claim 31, wherein
an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band
of said position control signal.
33. A disk storage apparatus control method, comprising
15 the steps of:
producing a position error signal corresponding to a
current position of a head from servo information previously
recorded on a disk and detected by said head;
producing a position control signal corresponding to said
20 position error signal; and
estimating a magnitude of a disturbance exerted on said
head from a signal obtained by multiplying a drive signal of
actuator means for positioning said head by k,, where k, is a
coefficient of a real number not smaller than 1, and from a
26 voltage signal induced in driving said actuator means, and

producing a disturbance estimation signal;

combining a signal obtained by multiplying said
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b drive signal.
34. A disk storage apparatus control method according to
claim 33, wherein
said coefficients k;, and k, are set almost equal to each
other.
10 35. A disk storage apparatus control method according to
claim 33, wherein
an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band
of said position control signal.
15 36. A disk storage apparatus control method, comprising
the steps of:
producing a position error signal corresponding to a
current position of a head from servo information previously
recorded on a disk and detected by said head;
20 producing a position control signal corresponding to said
position error signal;
estimating a magnitude of a disturbance exerted on said
head froma signal obtained by multiplying said position control
signal by k,, where k, is a coefficient of a real number greater
25 than 1, and from a voltage signal induced in driving actuator

means, and producing a disturbance estimation signal;

combining a signal obtained by multiplying said
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other.
10 38. A disk storage apparatus control method according to
claim 36, wherein
an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band
of said position control signal.
15 39. A disk storage apparatus control method, comprising
the steps of:
producing a position error signal corresponding to a
current position of a head from servo information previously
recorded on a disk and detected by said head;
20 producing a position control signal corresponding to said
position error signal; and
estimating a magnitude of a disturbance exerted on said
head from a signal obtained by multiplying a drive signal of
actuator means for positioning said head by k;, where k, is a
25 coefficient of a real number greater than 1, and from a voltage
signal induced in driving said actuator means, and producing

a disturbance estimation signal;
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cutting off a high frequency component of a signal, which
is obtained by multiplying said disturbance estimation signal
by 1/k,, where k, is a coefficient of a real number greater than
1, and producing a filter signal;

combining said position control signal with said filter
signal, and producing said drive signal; and

positioning said head with respect to said disk by said
drive signal.

40. A disk storage apparatus control method according to
claim 39, wherein

sald coefficients k; and k, are set almost equal to each
other.

41, A disk storage apparatus control method according to
claim 39, wherein

an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band
of said position control signal.

42. A disk storage apparatus control method, comprising
the steps of:

producing a position error signal corresponding to a
current position of a head from servo information previously
recorded on a disk and detected by said head;

producing a position control signal corresponding to said
position error signal; and

estimating a magnitude of a disturbance exerted on said
head froma signal obtained by multiplying said position control

signal by k,, where k, is a coefficient of a real number greater
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than 1, and from a voltage signal induced in driving actuator
means, and producing a disturbance estimation signal:

cutting off a high frequency component of a signal, which
is obtained by multiplying said disturbance estimation signal
by 1/k,, where k, is a coefficient of a real number greater than
1, and producing a filter signal;

combining said position control signal with said filter
signal, and producing said drive signal; and

positioning said head with respect to said disk by said
drive signal.

43. A disk storage apparatus control method according to
claim 42, wherein

said coefficients k; and k, are set almost equal to each
other.

44, A disk storage apparatus control method according to
claim 42, wherein

an estimation frequency of said disturbance estimation
signal is set at a value higher than a control frequency band

of said position control signal.
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