7 JUN 2006 Title of the Invention D sk Storage Apparatus and D sk Storage
Appar atus Control Method *@00002* 5 BACKGROUND OF THE | NVENTI ON= 7 JUFi 2§06d
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, mredium and to a technique of inhibiting a track 10 di '
the head due to a disturbance to which the apparatus is subj M@Wmmmmm
Description of the Related Art A positioning control systemr S”Servo

information previously recorfdéd eorrfa tdissknysinigan head, and ni ni'f*%es a
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positioning accuracy, there is known "a ing control frequency
at high level and thePkby atcehgeabppgrataskCohbkbdbwMaghogeration. However,
if control frequency is set high, +the positioning control system becones
unstabl e due to the 20 inherent nechani cal resonance of the actuator of the
head. Bhis results in a | BACKGROUNDheOFNTHEaSRVRRTTONt rol frequency.

Consi dering this. di sadvantage, there is proposed reducing a disturbance
(such as p?Vo?l%%gr?ﬁgt??igﬁV%ﬂFl%ﬂ elastic force, and an inertia force

due to shock/ vi briad ipg)setti Chvegt SofT ke e3Pt W HabRIst e bppakased on a
head position signal obtained fromservo information and a drive signal

for the actemtRASIGHRNING &t DEBArcR o §a8geT nutatk afdacdhpenddtcdd sy ves
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10 dislocation of the head due to a disturbance to which the
apparatus is subject.
2. Description of the Related Art
A positioning control system reads servo information
previously recorded on a disk using a head, and minimizes a
15 position error signal for a target track. 1In this case, to
improve positioning accuracy, there is known a method of setting
control frequency at high level and thereby accelerating track
following operation. However, if control frequency is set high,
the positioning control system becomes unstable due to the
20 inherent mechanical resonance of the actuator of the head. This
results in a limit to the increase of control frequency.
Considering this disadvantage, there is proposed reducing a
disturbance (such as pivot bearing friction, an elastic force,
and an inertia force due to shock/vibration) which acts on the
25 actuator. That is, based on a head position signal obtained
from servo information and a drive 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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However, the head position signal based on the servo 30 infornatiou'7JU 2
di scretely recorded on the disk is not a continuous signal. A control ga %
in which disturbance estimtion neans can estinmate a di sturbance is
affected by the sanmpling frequency of a sector servo, and has an upper
limt.,It is difficult to 1 *166166* - 7 JUN 2006 correctly estimate the

di sturbance and to conpensate the disturbance so that the disturbance has
no effect on the actual use of the control system Furthernore, if the
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negate fa dhashgedancblonungdtbyparatuot besei agréti gt dpiveabuekanti gsforce,
an inertia force due to shock/vjbration or the |ike exerted on 15 actuator

means, theCTRGhTE ffetBf Y SuF et titpdieat toeedittredl  the BRELHAPIARIL he
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signal which is obtained as a detection result of detecting a voltage
i nduced i nPPYEPVERglipedvartadaeorshBansstablased. Second, a drive signal of
the drive 20 neans for driving the actuator nmeans is used. The drive signal
of the drive neans may be inputted into the drive neans or outputted from
t he drlilve neans. AlternativélUMMAROt QP& HE iNWENSIIgRal of the drive neans
but a position control signal, based
To solve the above-stated disadvantages, the present
invention takes the following measures. To negate a
disturbance caused by a pivot bearing friction, anelastic force,
an inertia force due to shock/vibration or the like exerted on
15 actuator means, the magnitude of the disturbance is estimated.
In estimating the magnitude of the disturbance, two elements
are used. First, a voltage signal which is obtained as a
detection result of detecting a voltage induced in driving the
actuator.means, is used. Second, a drive signal of the drive
20 means for driving the actuator means is used. The drive signal
of the drive means may be inputted into the drive means or
outputted from the drive means. Alternatively, not the drive
signal of the drive means but a position control signal, based
on which the drive signal is produced, may be used. That is,
25 disturbance estimation means for estimating the magnitude of
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



on which the drive signal is produced, nay be used. That is, 25 di.s§ yjRazmee
estimation neans for estinmating the magnitude of the disturbance is

provi ded. The di sturbance estimtion nmeans receives a voltage signal,
which is obtained by detecting the voltage induced in driving the actuator
means by voltage detection nmeans, and the drive signal or position control
signal” 2 - 7 JUN 2006 of the drive neans, and produces a di sturbance
estimation signal. The disturbance estinmation signal produced based on the
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di sturbance related to the estimation i§ indicated b I sturbance

estimati onebdigiats, B reditStyuebanggrestd i@aon iFRARS, ProdUeesthiRBance
di sturbance estimation signal based on either the drive signal or the 10

position contriotdsirghale haddt heAvd tragelsi ghal 1i$ noheeidblia todebyiragtihe
actuator neans. The voltage induced in driving the actuator nmeans is a
conti nGousesi gmate Dhe twpahitsideonpardd i shutonvent egraitear tof okhe
estimating a disturbance using a discontinuous head position signal as a
result of FEEMHY SIS 15 THSF 61 FhErBANERsERbREEY Fodbrdestémationdiisk, it

is possible to correctly estimte a di sturbance. Meanwhile, .if there are
fluctuatioh%é%?FE%% ?%%isFBﬁceg?§5PEEa8Feth@SHFWQElBBiISéﬁ&aéhangegth t he
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10 position control signal and the voltage signal induced in

driving the actuator means. The voltage induced in driving the «
actuator means is a continuous signal. Due to this, compared
with conventional art for estimating a disturbance using a
discontinuous head position signal as a result of reading servo
15 information discretely recorded on the disk, it is possible fo
correctly estimate a disturbance.
Meanwhile, if there are fluctuations in the resistance
value of the drive coil and changes of the resistance value,
a phase with a gain crossover frequency with which open loop
20 gain becomes zero, has no phase margin, with the result that
a control system becomes unstable. To solve this disadvantage,
according to the present invention, the drive signal is produced
based on the position control signal for a head position and
the disturbance estimation signal, the high frequency component
25 of the disturbance estimation signal is 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



based on the position control signal for a head position and the -7 jyn 2006
di sturbance estinmation signal, the high frequency conponent 25 of the

di sturbance estinmation signal is cut off by filter means to thereby

produce a filter signal. Thereafter, the position control signal for the
head position is conbined with the filter 3 - 7 JUN 2006 signal, thereby
produci ng the drive signal. By so constituting, the high frequency
conponents of frequencies higher than a filter |ow pass cut-off frequency

are cut offgbyr thedidger, PEans:n h@hgi§gﬁééqﬁgﬁg%?éconponents of 5 the

di sturbance estimation signal outputted fromt turbance estimation

signal are not imglsledoggrivateny! ythe ntibe Cfrﬂe\gﬁle%i&,naéomp%%&{@%ft;

even if the resistance value of the drive coil the actuator neans is
changed actosgliageido hiesest oinee af f UTt ¢allioaR pak st @Mpes 8t ¥ ofies®y dtel S

possi ble 10 to secure a phase margin with the gain crossover frequency and
t o consti tante of fsbabt ke hisial gpogiekineni NThe dntgtolf reysicemy cEapbaehitenofeans
conmbi nes the disturbance estinmation signal after filtering (filter signal)
with tRe powtidhsterPenee seghamatiom t lsdopedi t icoriredritacol fweams, thad
thereby 15 produces a drive signal so as to negate the disturbance exerted
on the actPatidtrRRRR SFSitHG tiRe i $Rat BifceOB St Matdesh eqgigiall enthysin
correctly éﬁgi ted. B qLiving the actuator neans of the head using the
drive sign Y% iﬁﬁhﬁ 1 e P03t SBly tneGHER 15 HRStIFDARERNSBCHE A4S a
pi vot bearin i ¢tdon, an el %ic force 20 or _an,inertia force exerted on
t he actuaf%rqﬁ%%ﬁggjghéplﬁspfa% eig¢§8§§95l@e?BScbﬁpgm%%g%dt%%cﬂf tW? bance
acting on ddige AL TBRASA: IB8M 8L AL Lnp @A LL i Tliuct uation; of the
di sturbance acting on the actuator neans 1S [arge dUrlng
10 to secure a phase margin with the gain crossover frequency and
to constitute a stable head positioning control system.
Correction means combines the disturbance estimation
signal after filtering (filter signal) with the position
control signal from the position control means, and thereby
15 produces a drive signal so as to negate the disturbance exerted
on the actuator means using the disturbance estimation signal
thus correctly estimated. By driving the actuator means of the
head using the drive signal, it is possible to stably negate
a disturbance such as a pivot bearing friction, anelastic force
20 or an inertia force exerted on the actuator means. That is,
it is possible to compensate the disturbance acting on the
actuator means. Therefore, even if the fluctuation of the
disturbance acting on the actuator means is large during
following operation toward the target track, it is possible to
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



foll owing operation toward the target track, it is possible to 25 StAblUy 2006
control positioning the head to the target track. Furthernore, even if the
resi stance value of the drive coil of the actuator nmeans is changed by

resi stance fluctuation or 4 - 7 JUN 2006 tenperature rise, it is possible
to stably control positioning the head to the target track. That is, it is
possible to inprove positioning accuracy agai nst nore diverse conditional
change. 1In addition, as an effect resulting fromthis inprovenent, it 5 is

ible t Laldys i : I lerate th
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for sol vi nghd headi sadvant agest thhek Presget: 4 nventd gstakes dhefoblaw ng
nmeasures. The 10 di sturbance estimation nmeans produces the disturbance

esti mati onpss Pinabn bag etk @rr & s bgaah sebhar s et yr gailcbinpliyiidgatihenadgkve
signal by k1, where kl is a coefficient of a real nunber greater than 1,
and the voln agklidiipral asThe ebffeettrosubeans foontibies iapsogeaknabt atned by
mul tiplying the disturbance 15 estimation signal by 1/k2, where k2 is a
coeffi & ents gPoastbhe tRuMHEStgrEdBdr vt HACrEASE tiradie grisiitipnacdnteo
signal, and roduces a drive signal. By doing so, the change of open | oop
gai n from3FHeS P t¢ ohler PBPOSiBRALE ©F thelateid $aRa%iton ¢hvk BECLAEPr essed
to be small. As a result, even if the resistance 20 value of the drive coi
of the actiRR¥T2Weans is changed according to resistance fluctuation or
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more preferable ef{€CLlnrion takes the following measures. The

10 disturbance estimation means produces the disturbance
estimation signal based on a signal obtained by multiplying the
drive signal by k,, where k, is a coefficient of a real number
greater than 1, and the voltage signal. The correction means
combines a signal obtained by multiplying the disturbance

15 estimation signal by 1/k,, where k, is a coefficient of a real
number greater than 1, with the position control signal, and
produces a drive signal. By doing so, the change of open loop
gain from the position error signal to the head position can
be suppressed to be small. As a result, evén 1f the resistance

20 value of the drive coil of the actuator means is changed
according to resistance fluctuation or temperature rise, it is
possible to stabilize the position control system. Inthis case,
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




25 The present invention explained above will be described mnore =7 JUN 2006
concretely. As the first solving neans, the disk storage apparatus 5 7 JUN
2006 according to the present invention conprises: actuator neans for
positioning a head with respect to a disk; drive neans for driving the
actuatypr neans in accordance with an input drive signal; voltage detection
nmeans for detecting a voltage induced 5 in driving the actuator neans, and
for outputting a voltage signal; disturbance estimtion nmeans for

P nant L nageRanh e oL A dlalLLhANGn e e atddie Dead oL dr v

signal and the voltage si produci ng a di'sturbance estimation

signal; fikberps@anson Dhg Ghthagwoth Aebob: frequency . corppnent, 10 f. the
di sturbance estinmation signal, and for outputting a ilter signal;

position detreeihgntheanst ot oPrvshies Nth & cdNSd 4 & WO rSiigRRl: drive
corresponding to a current position of the head from servo information
previ ousl ystenat detbloragehdetieskioamkatet Eotratk thyc t hrey heasl, t &gd ifhauced
outputting the position error 15 signal; position control neans for
producithg anpdsiviba EbAt petuaspynakbaves r espofidicngutputheéngosi wiodt agrer or
signal, and,for_ outputting the position control signal; and correction
means f or SEBHBT hidHG TP PGS €F bHBbHPR Jleadisghar eRteRathad ¢ meenisivgeal to

produce the_driye signal, and for outputting, the drive sjignal. 20 Wth this
constitutioh,t e“'tdﬁ%i?éldﬁ it e ?ﬂe&&ﬁi hEERT Ry dbeve sEighial andput t ed
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10 of the disturbance estimation signal, and for outputting a
filter 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 by the head, and for outputting the position error
15 signal; position control means for producing a position control
signal corresponding to the position error signal, and for
outputting the position control signal; and correction means
for combining the position control signal with the filter signal
toproduce the drive signal, and for outputting the drive signal.
20 With this constitution, the drive signal of the drive means may
be a signal inputted into the drive means or a signal outputted

from the drive signal. This applies hereafter.

The functions resulting from this first solving means are
as follows. The disturbance estimation means can correctly
25 estimate the magnitude of the disturbance exerted on the

actuator means based on the drive signal applied to the drive

means to drive the actuator means, and the voltage signal



actuator neans based on the drive signal applied to the drive neahng JiN 2006
drive the actuator neans, and the voltage signal 6 - 7 JUN 2006 detected
fromthe actuator means. A disturbance related to the estimation is a

di sturbance estimation signal. Here, it is particularly inportant that it
is pogsible to correctly estimate the magnitude of the disturbance exerted
on the 5 actuator neans fromthe drive signal and the voltage signha

during follow ng operation for allowing the head to follow up the target

track. Theqteasesals:dischldome:Jhfeuakt aoe sianah det eci edofromphe

i
actuator nmeans is a voltage 1 nduced in driving € actua eans.

signal, unkskemseiyn iBf ar MARILEN L det tand ne fHSK discretely;qis a
continuous signal. After the high frequency conponent of the disturbance

estimati onpsrghatléslgutingfdridmoughatheid i likerpoeansisowas torraegaye the
di sturbance exerted on the actuator neans using the disturbance estimation
si gnal thusstbnaeet [theestagmitedie t hé e esiustaribastgnakeirsecomi nedew t h
the position control signal outputted fromthe position control nmeans to

t her eby pragtéator neeanpfverenghhe. dByver s¥tnglt Ardathearoi tapansigsahg t he
drive signal, it_is possible to stably negate t he di sturbance exerted on
the act uat QP HRanl Ng SPFPT Foirs2pdSYiBrethd ERE dippdaddre the
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fluctuation or tenperature rise, in particdlar,
10 recorded on the disk discretely, is a continuous signal.

After the high frequency component of the disturbance
estimation signal is cut off through the filter means so as to
negate the disturbance exerted on the actuator means using the
disturbance estimation signal thus correctly estimated, the

16 resultant signal is combined with the position control signal
outputted from the position control means to thereby produce
the drive signal. By driving the actuator means using the drive
signal, it is possible to stably negate the disturbance exerted
on the actuator means. That is, since it is possible to

20 compensate the disturbance exerted on the actuator means, the
position control of the head toward the target track can be
stable even if the fluctuation of the disturbance during the
following operation for allowing the head to follow up the
target track is large. 1In particular, even if the resistance

25 value of the drive coil of the actuator means is changed by
resistance fluctuation or temperature rise, in particular, it

is possible to stably control positioning the head to the target




is possible to stably control positioning the head to the target 7_7 ﬁ”gﬁms
2006 track. That is, it is possible to inprove positioning accuracy

agai nst nore diverse conditional change. The first solving nmeans will be
described as a disk storage apparatus control nethod as follows. That is,
the mgthod 5 conprises the steps of: producing a position error signal
corresponding to a current position of a head fromservo information

previ ously recorded on a disk and detected by the head; producing a

vi rded on a d det ect o  ead: produsing
Boti et g i a1 & GO DaRke Fo REPLS R i HSAACPPORCK drive

signal of agiiéOrmHBANG: $8FsePOShELONLRY1TIBR NEad and froma vol tage
signal induced in driving the actuator neans, and produci ng a disturbance

estimation signaihe kN 0ffinAmbheb Wiragye ey GamRANesh sk tRerage

di sturbance estimation signal, and producing a filter 15 signal; conbining
t he positiappzontusl congmall wicthdchead i Fbetowsl gna@hatands,progeicinaghbbe
drive signal; and positioning the head w th respect to the disk by the
drive $i gr@mPThies dEtbrR sSiteageot apparatosngont s irdtdrode caor exhigbiat t he
same functions as stated above. 20 As the second sol ving neans, the disk
st or age appPAFEIIRONGERDr EPnd t BUEHRNpr B9SAL LoRy enft | n headhri sy sgEvaat or
nmeans fordggsitionin a head with respect to a, djsk; drive nmeans for
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10 exerted on the head from a drive signal of actuator means for
positioning the head and from a voltage signal induced in
driving the actuator means, and producing a disturbance
estimation signal; cutting off a high frequency component of
the disturbance estimation signal, and producing a filter

15 signal; combining the position control signal with the filter
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.

20 As the second solving means, the disk storage apparatus
according to the present invention comprises: actuator means
for positioning a head with respect to a disk; drive means for
driving the actuator in accordance with an input drive signal;
voltage detection means for detecting a voltage induced in

25 driving the actuatormeans, 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



8 - 7 JUN 2006 information previously recorded on the disk and degeﬁtﬁﬂ gms
the head, and for outputting the position error signal; position d r
means for producing a position control signal corresponding to the position
error signal, and for outputting 5 the position control signal;

di stunbance estimation neans for estimating a magnitude of a disturbance
exerted on the head from the voltage signal and the position control
signal, and for producing a disturbance estinmation signal; filter neans

for cutti ﬂgf&frﬁa@icgrirl] gﬂefvri%%qn yeeegggagoﬁt R s g}q;at&‘ae;f 0CE JDOCFan

estimation signal, for outputtin ter sign corr

means for icadd) nmg fdie RAPUHAhLene gbssignal c¥ibh sihgatll 8&1%&893' to
produce the drive signal, and for outputting the drive signal. The
functions casutel ngedmonishisredcondy sol yoapt @ansondboBreig@safol | ows. The
di sturbance estimati on neans can correctly estimate the magni tude of the
di st ur bancecBsesp@Y brd theethamamt bromeams rbasgoabn arhe fdri et sighahg
applied to the drive neans to drive the actuator neans, and the voltage
si gnal © detPadifrion crataetuat era heathiss t Hevan cé tesits. npdritoinc ukanisy £00
inportant that it, is possible to correctly estimate the mnmagnitude of the
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vol t age si.gnal ring follown eration for allow ng the head to foll ow
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of the disﬂ&ﬁ%EHH*%fk a high frequency component of the disturbance
10 estimation signal, and for outputting a filter signal; and
correction means for combining the position control signal with
the filter signal to produce the drive signal, and for
outputting the drive signal.
The functions resulting from this second solving means
15 areas follows. The disturbance estimation means can correctly
estimate the magnitude of the disturbance exerted on the
actuator means based on the drive signal applied to the drive
means to drive the actuator means, and the voltage signal
detected from the actuator means. Here, it is particularly
20 important that it is possible to correctly estimate the
magnitude of the disturbance exerted on the actuator means from
the drive signal and the voltage signal during following
operation for allowing the head to follow up the target track.
The reason is as follows. The voltage signal detected from the
25 actuatormeans is, unlike servo information recorded on the disk
discretely, a continuous signal.

After the high frequency component of the disturbance



- 7 JUN 2006 estimation signal is cut off through the filter neans._s ho
negate the di sturbance exerted on the actuator neans using the dTgtﬁPEQW e
estimation signal thus correctly estimted, the resultant signal is
conbined with the position control signal 5 outputted fromthe position
contrgl neans to thereby produce the drive signal. By driving the actuator
means using the drive signal, it is possible to stably negate the

di sturbance exerted on the actuator neans. That is, it is possible to
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the resi stance value of the drive coil of the actuator neans is changed

accor di ng dbsteshbasteacestihattoat s0gnal teopecatveetliSestihatsdposakble to
stably 15 control positioning the head to the target track. That is, it is
possi bl e tec$uprave pawial ds sgnadoedaeythgdiastonurieon dowerse sbdydili onal
change.. The second solving neans wil| be described as a disk storage

appar aPus &Rt edet Fol fRA9 igvison Peatros, melr@s 20 wbehedycpnpdilses t he
steps of: producing a position error signal corresponding to a current
position of Q%fed§ ﬂ%ﬁ?ier\%’ dE h¥ SREHtHOACHRBTPBIRIAN S B bRAS VAT AVEI sk
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and prOducﬂﬂgd@s@h&%&&@@%&%@@&a@Wéﬁ@eéguét%rg£$3996Therefore,even
10 if the fluctuation of the disturbance during the following
operation for allowing the head to follow up the target track
is large and even if the resistance value of the drive coil of
the actuator means 1is changed according to resistance
fluctuation or temperature rise, it is possible to stably
15 control positioning the head to the target track. That is, it
is possible to improve positioning accuracy against more
diverse conditional change.
The second solving means will be described as a disk
storage apparatus control method as follows. That is, the
20 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
head; producing a position control signal corresponding to the
position error signal; estimating a magnitude of a disturbance
25 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



signal; cutting off a high frequency conponent of the disturbance 2006
estimation signal, and producing a filter signal; conbining the posfkﬂB“
control signal with the filter signal, and producing the drive signal; and

positioning the head with 5 respect to the disk by the drive signal. This
di sk gtorage apparatus control nethod can exhibit the sane functions as
stated above. As the third solving neans, the di sk storage apparatus
according to the present invention conprises: actuator means 10 for
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actuator nmeans in accordance with an nput drive " signal; voltage ection
means for desectbagea ool iragei drnducs l,lan@erb@QgiH§@§QHq%%Qrsﬁ%ﬁ@iv and
for outputting a voltage - signal; disturbance estimtion nmeans for

esti mat i ngcamphghng uckee e sdft imrdicshtrbans egraert £th amd e 1headsfigamla
signal obtained b mul tiplying the drive signal by k1, where kl is a
coef fi ci entnd gfredyeinty riltbelr igeeat gnat haand , pasick foroimg Héev bleaigeisihgnal |
and for_ producing a disturbance estimation signal; position detection
neans foor PEIRIEEt ngCatPBsPipbnbEr EBE dirgial s2gnedrr eEhbadilhgkt etareger ent
position of the head fromservo information previously recorded on the

di sk and dRPRTIEEUHYCPRELCheREINRAd RS SSUHIRILT ithe t SR OERRFBHOBFT 86

si gnal ; pog%é{on control neans for producing a position control signal
cor respond? Y T #h2"Position error signal, and for outputting 25 the

T conty OIS Rl 06 LA SR TSI S ogRhYL A e 2R o
obt ai ned bycsut&imd Yti_@gzﬁé1$>r;]e]s_e’nt7 N 2906, g:ioﬁltplfrig%@qea%‘%hia%g AR aSisgnal
by 1/ k2, where k2 is a coefficient
10 for positioning a head with respect to a disk; drive means for
driving the actuator means in accordance with an input drive
signal; voltage detection means for detecting a voltage induced
in driving the actuator means, and for outputting a voltage
signal; disturbance estimation means for estimating a magnitude
16 of a disturbance exerted on the head from a signal obtained by
multiplying the drive 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 estimation signal; position
detection means for producing a position error signal
20 corresponding to a current 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 position control signal
corresponding to the position error signal, and for outputting
25 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
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of a real nunber greater than 1, with the position control signal =t jun 2006
produce the drive signal, and for outputting the drive signal. 5 The
functions resulting fromthis third solving means are as follows. Besides
the sane functions as those resulting from the first solving neans, it is
possihl e to suppress the change of open [oop gain fromthe position error
signal to the head position to be small since the drive signal is applied
to the 10 di sturbance estimtion nmeans after being multiplied by k, (ki1 >>

1 dth &6t it Jwtd ; §i hSa [ 04 L ne . [.Qn
reans af ter bol ng.mul U1 o1 C0 by 1/ R0re SIHPRREIE kap EepPPELEERhET (e

resi st anceo¥al tiea Dinult@ rdgr¥et £Pithaef 1 | he thadldIgbal  IBANS S Lhanged:
according to resistance fluctuation 15 or tenperature rise, It 1s possible

to stabilige phedposi tthen dicond relgsyst eandTHalr icutgutdishosisé bheite

i nprove positioning accuracy against nore diverse conditional change. In
this case,SigRathe filter nmeans provided by the first solving nmeans is
used, it is possible to obtain a nore preferable effect. 20 The third
solviné means wi 1€ BENGEdOnSpees akt Angifenst bt agd i rabpat vi ng meEms akenet hod

as follows, That, is, the netho conprises the steps of: praoducing a
posi tion ef¥ roeis}ToéJr‘?ail B88ﬁ8§p edisﬁﬁlet%u%ctc{ﬁ?%its d‘éz?ir@r‘?‘)&ftlgl%t ﬁ@mfzgom
servo inf i revi.ous recorded on a.disk an etecte e
head; prod@%?%%J%ﬂbggﬁphg %éﬁ??bll%fﬁ?gpsééghgsﬁ%ﬁﬂﬂ¥%quf fﬁ@ gBB?ﬁFoE |
error si ; i I I e .a.di sturbance exerted, on ea
froma s?&%gfn%%éﬁgﬂgd?gyﬁhyiilpﬁgﬁhéﬁgl ﬁ%@ee%fof iﬁﬂnﬁgpéosgaﬁabeag_
actuator npanstion ROHL is@RNgstinecherd by kd s Mere isklap'p‘?ti%dcggf fheient
of a real nunber greater than 1, and from

10 disturbance estimation means after being multiplied by k, (k

1
» 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. Inthis 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 solving means 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 bymultiplying adrive

12



a voltage signal induced in driving the actuator means, and producing a
di sturbance estimation signal: conbining a signal 5 obtained by mil %iJg’INy?UH%
t he di sturbance estimation signal by 1/k2, where k2 is a coefficient of a
real nunber greater than 1, with the position control signal, and

produgi ng the drive signal; and positioning the head with respect to the
disk by the drive signal. This disk storage apparatus control nethod 10
can exhibit the same functions as stated above. As the fourth solving

means, thes skl $$0L2GQ ARRALALHS fafgagc;%igago@%@whsag%%;@,fgagggi sk:

COITpI’i ses: actuator %eans for PoOsSI tl _ ea resp_ _
drive means, fera 6obyEngibie 3ElyAN TRANS B ALGQLIRACE Wt OnAncLonut

drive 15 signal; voltage detection nmeans for detecting a voltage i1 nduced

in driving thel tegelas Dynatansduedd {Ordopabt tRE AcvQhtd8emeshINabng
position detection neans for producing a position error signal

cor r esponddreduelzg cudiettrpasicei eat dhathenhebghd ¥ proomggming af e gakion
previously recorded on the disk and detected 20 by the head, and for

out put Pi ngPRIELRRAIRY e ldrindry igigidle disésirbiemcecestivktipansifiorlpbgduci ng
a position fontrol signal correﬁfonding to the position error signal, and
for outputtifeg "PRESPEsitS ch cwfifiqieqityedl 2 drstunrbabes esephari chaneans

for estinating.a ni tude of a disturhance exerted on the head from25 a
si gnal obﬁgiﬁggjbiﬁﬁgﬁﬁﬁ& CﬁbCpﬁérﬁ&sFﬂﬁ&ﬁﬁcoﬁpﬁoprgﬂéﬁépg bYekdrivifiere ki

5,2, SO ILAVEIN, O o8l PUIBET LERSL, (1) sl g LEom NG, el poge
R e S BN SO
the dilgt urd@NG&hibit the same functions as stated above.
As the fourth solving means, the disk storage apparatus
according to the present invention comprises: actuator means
for positioning a head with respect to a disk; drive means for
driving the actuator means in accordance with an input drive
15 signal; voltage detection means for detecting 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 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



estimation signal by 1/k2, where k2 is a coefficient of a real 5 nunber
greater than 1, with the p03|t| on control signal to produce the drifvduN 2006
signal, and for outputting the drive signal. Wth this constitution, the
di sturbance estimati on nmeans can correctly estinmate the magnitude of the

di stupbance exerted on the actuator neans based on the position control

si gna 10 outputted fromthe position control neans so as to be applied to
the drive neans for driving the act uat or nmeans and the voltage signal

detected f 1eans, ossible to_correct|ly estimate the
magni t ude éfmrﬁ?@dl stggéancé SXET 1 %r%%cP 1%e Beflat SPinehfS i t hae

posi i on 9841 0loicapitl-ANd. bhe1 tha/ohbages 8l apalpartligularly durlng

foll owi ng operation for | oW ng t ead to Tow up tar g%{1 fack.

The di st urdrannei et & M8k yaALS oerak nks m&%ﬂ§lhjgt hﬁjepoéiéfggbaﬁﬁgt rol
signal outputted fromthe position control neans 'so as to negate t

di st ur bances exext Boh oni drieel agt adkyy wreahs KISt 204818 diesftutlFanceeal

esti rratl on signal thus correctly estimated, to thereby produce the drive
Si gnal Byl withed ngredeeactbanod , means tofe tptmﬂtaadu usiritgrd hes tyhye sbgnal ,
it is possible to stably negate the disturbance exerted on the actuator
nmeans. ThRTIduce jthe drpgsss Hrat o agwhfensattottiein sther Hanve skgnédd on
the 25 actuator means, Therefore, even if the fluctuation of the

di sturbance is I"GrigethdsiFRNIHE $iolabnichg Sherarharce est iakltéwinngesahe head

to follow up the target track and even jf the 14 - 7 JUN 2006 resistance
val ue of t%agn 8??58%3?’@%’?”?%%‘35 JR P redh o i khe ghstyedaaccorsergeto

(o1 SLANCS] |G VALLRALOL BEURE BLULE LhSere Lo ROSSLOIE (0 SLEBLY
to i Mpove Rt DifNDm the position control means so as to be applied
tothedrivemeansfordrivingtheactuatormeansandthevoltage
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. Bydrivingthe 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
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5 accuracy agai nst nore diverse conditional change. The fourth sol viyng,y 2006
means W I | be described as a disk storage apparatus control nethod as
follows. That is, the nethod conprises the steps of: producing a position
error signal corresponding to a current position of a head fromservo 10
inforyation previously recorded on a disk and detected by the head;
produci ng a position control signal corresponding to the position error
signal; estimating a magnitude of a disturbance exerted on the head froma

s onal, oblai sede bicoukLLBlybRO:hDe 08I LLOD GONLES! osLaRRL b LT where K

is a coefficient of a 15 real number greater an 1, "ar
signal i ndueetged Bcdbirding @stuat ok apeans far Rosid b%@%éﬂéﬁ@@?ﬁnd

produci ng a di sturbance estimation signal; conbining a sign _ ed by
mul tiplyi ngt the ghsdibhance sy AdRR $19Rals ikY onkhk2 tnehgegdk 2o sha
coefficient of a real number greater than 20 1, with the position control
signal , anthpgeduciank t h&hdti e, $tghalgosanidlposict iapirbget pesheadnwhgh
respect to the disk by the drive signal. This disk storage apparatus

cont roP nEAFBHAaCAMP S BF tMe he @éﬂ©r$©n©©m@hsi@sa$tem@mgaboveh e thirg
Alternatively, the first solving nmeans may be conmbined 25 with the thir
sol vi ng neang. ﬂﬂﬁas%@bﬁﬁhS%P%Vh@gn§3ﬁ§snﬂ9l%ebQuﬂﬁﬁQﬁﬂPﬁqt%ﬁt%ediéhrth

sol vi ng mﬁygkﬁihese conplnatlo are fly%giand si xt h soIV|ngkgeans,

respecti vely, %?-agpﬁfﬁlﬁﬁogngﬁggfﬁg Oft RS iV Y Sreand@ § heS di

oL on 20, AR cePROaL 0 0:H 0% 81 BTl NSILL RN ST e skt o
driving theacd4ad i ABang N ACEPLAANEE Wt an d nput dBi V& 1 servo
10 information 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
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 mulfiplying 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 me£hod

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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5 signal; voltage detection neans for detecting a voltage induced .imnjyn 2006
driving the actuator neans, and for outputting a voltage signal;

di sturbance estinmation neans for estimting a magnitude of a di sturbance
exerted on the head froma signal obtained by multiplying the drive signal
by k1, where kIl is a coefficient 10 of a real nunber greater than 1, and
fromthe voltage signal, and for producing a disturbance estinmation
signal; position detection neans for producing a position error signal

corresponding to,a re {1 e d f.rom servao information
previously recor depl"c%gn ﬁqfetkgiq%il_‘}alﬁgb gIeetatélrcE_t’eg%%y dtlﬁ% T5°hE4s, agﬁarnglus _
OUtpUFt!nga&@@r@@ﬁ@tt@ntﬁ%réEeé%dH“ﬂdvéH%ﬂdﬂ‘E&mﬁ%&%%@ﬂla%%%%%o&oﬁegkgduc'ng
a position control “signal ‘corresponding to the position error signal, and

for output fongpodiei osid i0hea@ntioh Sdghadt Nd §PEkeCi O TRANS ok
receiving the position control signal and the di st ur bance estimtion 20

signal, cudtingnoffhea &cghafoequenty iconpenaniamefe aisirgnal inpwhi gkike
obtained by nultiplying the disturbance estimation signal by 1/k2, where
k2 is & coetgnel emoldface debbchumberegredverdetidanirk atww ragudadackd t er
signal, conmbining the position control signal wth the filter signal to
produce the? dif¥eingstiegparuabpd feanaut podt fay thepdtiyagshgmaltafke
fifth solvinp ang will be described as a disk storage apparatus control
met hod as Tb¥Tdhs IIFHATEeSCe fet Ht hben Teany SRINeS6BaE4RPra Bag i hadst eps

of a head 1§ G SBRUB T RFoF HREE B BF SIORER E0Br Bt 61 b ARk Aoy
the 5 position R sy et Sl R L Waght tRe-or Sa2arEehrbancar 1 °
10 of a real number greater than 1, and from the voltage signal,
and for producing a disturbance estimation 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 by the
15 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; 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
25 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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exerted on the head froma signal obtained by nmultiplying a drive «st gorl2006
of actuator neans for positioning the head by k1, where kIl is a
coefficient of a real nunber greater than 1, and from a voltage signa

i nduced in driving the actuator neans, and 10 producing a di sturbance
estimation signal; cutting off a high frequency conponent of a signal,
which is obtained by nmultiplying the disturbance estimation signal by

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

produici ng ognblLLer Shandieondlni pgoLheipgsition cantyol signal wiin the

15 filter signal, and pro g the"drivé sPgna

W th reSpe@ériﬂ@s%BﬁdQﬁEk tRYy 4 heudbtibMe $@NRlion RUFT Qe'h’eaﬁis 08, SLXED,

sol ving neans, the disk storage apparatus according to the present

invention tofiprnseson wed viad@s 1 yreaitso fdd RISk 408k Nth@ aaadktid Byf egrect to
a disk; 20 drive nmeans for driving the actuator neans in accordance with

an i nput dréad; fmprhlcinmbkt pgel dedeatdranrateangnbarcset €spomging teokhage

induced in driving the actuator neans, and for outputting a voltage

si gnal ® poRP$ibhoda ey 64 gneanse$binapinduecinagnatpdsi ¢f endéstorbsngaal

corresponding to a current 25 position of the head fromservo information

previ ous| yS¥SELPAOR thom NeRel B ok aanikoriet ebtadnpyg shaubsanlyand o orive

outputting the . position error signal; position control neans for producing
e 2

a 17 - 7 JUN2006 8T BREPSI L did A§aeoPy He pBBPERoN
O o0, HhOL PR LD 0o ROTULLOD SN o oLl i sty bance
Lhe head 1 b 2 36l o601 2LRag.BY 5. HLLL DI (D ReRL L oot el
and friom theo¥@tiR98 disturbance estimation signal; cutting off a high
. frequency component of a signal, which is obtained by
multiplying the disturbance estimation signal by 1/k,, where
k,1s a coefficient of a real number greater than 1, and producing
a filter signal; combining 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 means, the disk storage
apparatus according to the present invention comprises:
actuator means for positioning a head with respect to a disk;

20 drive means for driving the actuator means in accordance with
an input drive signal; voltage detection means for detecting
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
25 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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signal, and for producing a disturbance estimation signal; and CQI?Qﬁmiﬂﬂs
nmeans for receiving the position control signal and the disturbance
estimation signal, cutting off a high frequency 10 conponent of a signal,
which is obtained by multiplying the disturbance estinmation signal by
1/k2,ywhere k2 is a coefficient of a real nunber greater than 1, to
produce a filter signal, conbining the position control signal with the
filter signal to produce the drive signal, and for outputting the drive

appar ot us SonE Y el net ROt ne T ST v E rharendERg onEfonts hipei seeoEhe

apparatus control nethod as WS.

steps of 1 PIQGMIL) NGA PESEL QN AIHOIns! ARl L&OI £ £SPONY NG £10 @;GHE Nt
position of a head fromservo 20 information previously recorded-on a di sk

and det ectethbyritdnece hesith mpt DslvGhdth € RNSIdItAMA0MY @ mSiy@nR&lde of a
corresponding to the position error signal; estimating a nagnitude of a

di st ur banc®l stexeraeck oaxeheeHead ftriem leesd ghabmobt ajingth byowtd thed ybpg t he
position control signal by k1, where kl is a coefficient of a 25 real
number Sgr et irhaind  thadoé s bed en vodt tgel s gakl i nduced wheredrd, viiaga
actuator means_for positioning the head, and producing a disturbance

esti mat i orf G ghetieruedi hgestinyesgarester RN 2G08! fregudcyotbapenent
of a signal, ich is_obtained b mul tiplying the disturbance estinmation
ol gnal by TR vAab SRS e B P81ds Sual T iE R IgPedrernehan 1,

_ _ _ Ff FEPERE el i |
the 5 111 reras Grit "Eart, P08 re G THE: A7, BSaFBTar g bosherok Ag t he
ng‘si ‘r’]“gt rr]re%rge: eﬁ%&gEgﬁﬁgr%g?%?ﬁWléﬁ% i(i_l;rnia\ie;\ élIJgElﬁllg oF¥, fhiifgthhfgggugzi’légfh
10 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 signal, and for outputting the drive
15 signal.

The sixth 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

20 information 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
exerted on the head from a signal obtained by multiplying the
position control signal by k,, where k, is a coefficient of a

25 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; cutting off a high

18




effects. That is, even if the change width of the resistance value_of the
drive coil is quite large, it is possible to 10 inpl enent stable FehdUN 2006
positioning control over higher control frequency bands. According to the
third to sixth solving neans, it is preferable that the coefficients Kkl
and k2 are set alnost equal to each other. 15 By doing so, in the
substantial transfer function from the position control signal to the
drive current to the actuator mneans, conponents related to the resistance

val ue of tf‘?eeﬁ.éﬂg%/a(:@&h%%{eﬁ@e oaﬁct yat Qiglqgfns Wal?”?ﬁé%gg&gg\&ﬁécﬁgo di ngly,

even if the resistance ue of the drive cbil and 20 is
changed bymiesiglansg £hachusthPpaQket d i, 1A Possible to
soLpLpnes Lhupstiomece ePRBIe H1o0a 1y LBioRtklL

sufficiently, stably control positioning the rack.
According kpishecbefsicieht it arehilfiliusot yirBataRaltad 1, MMH sBoliNE i dEi Ve
signal out of the drive signal and the position 25 control signal i§

appl i ed t oatfhd tdirsslghahcec@stimaty ahenpasst 1ot contpioal €1 gk e Wi rcenstitute
the apparatus as follows. The disturbance estinmation neans conprises:
conpar i%sont hbaes Figmnally 2ngdunr CBe6ine ddievingvehel grod T agedspgaat idetagt ed by
the voltage detection mneans; first nultiplication nmeans for nultiplying
the drive 3% @< ol b sFgRREChbEai Hed BYSkubyibhyi dgivaestgnee. signal by

k1, by a coeffiﬁggntfcgn istkyg of a first transfer function, 5 second
mul tiplication s O mARS pPyrhl &P Uit PLUt MeRNEhdaionpErEsBASHRENS by

a coeffici Si st .of a_second , transfer fupnction; first integration
neans for éﬁﬁ%%?%tiﬁ%uﬁﬂés’oﬁyﬁﬁtlgftQ%éj M feak8e ERA1SERBAA

integrati op, fBANSF the drive coil is quite large, it is possible to

10 implement stable head positioning control over higher control
frequency bands.

According to the third to sixth solving means, it is
preferable that the coefficients k, and k, are set almost equal
to each other.

15 By doing so, in the substantial transfer function from
the position control signal to the drive current to the actuator
means, components related to the resistance value of the drive
coil of the actuator means can be ignored. Accordingly, even
if the resistance value of the drive coil of the actuator means

20 is 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
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for integrating a val ue obtained by subtracting the added val ue 10 of the
out put of the second multiplication means and the output of the f4rrsgun 2006
integration nmeans fromthe output of the first nmultiplication nmeans, and
t he conparison neans is configured to conpare the voltage signal with the
out pug of the second integration neans, and to output a conparison result
to the 15 second nultiplication neans and the first integration nmeans. The
functions resulting fromthis constitution are as follows. The output of

the first Méj{@iﬁ?aéﬂeo%g‘é%gn £ dd %Litt %(E% %éi:\c/)rem;? nal ?grcgbgéggal

obt ai ned pfying t Sl gna

eSt|”at|OnnééQ@aJfEQSQQﬁuﬁﬁpﬁﬂgbggléﬁ &angrfgﬁ hef gy lﬁg hggggndibse

actuation neans. The output” of the second integratio econes a

f eedback sl@nEntof ar st hravadhegensd gjyainuulawly@elgff@@dﬂafé/%hb@m b
detection neans. The output of the conparison nmeans which obtains tlze

di f f er encekbebweancobEéfvoitagecenghat immdb i he 27 sfreedbackeel earptibnem t he
second integration neans, is applied to the first integration nmeans and
t he se@ondserdnd ghukitp bicaemgnedte fout putl tdfp yHendf iamsbuitpegpat tba nmeans
which 20 - 7 JUN 2006 T integrates the difference, becones a disturbance
estimati orFOI%EPWO%dW%%%o%l%gc@%ffh‘él@ﬁl’ét9<Plbah%’él@§(e®fe@| ®BCoh@ act uat or

nmeans. The ou t of the second nultiplication means obtained by
mul ti plyi ng° & i1 58 hriddet Era I e 8861 FoF éﬁ‘tteggaltslnéidél% to

t he di sturbance es tlon Si naI The added value . is subtracted fromthe
drive torq‘ﬁ‘gt esE rfétﬁrrg < SAHH TeR& s iy L) BFSNEppREEdTREIPReMERRBNd

I ntegrati of, MBAR%G A% g §M e bBRaThebPRNEE AL, MBLRD 0P, PYLPUt t ed

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 méans 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

25 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



fromthe first integration neans corresponds to the correct 10 estitgye 266
t he di sturbance exerted on the actuator neans. Further, using the

di sturbance estimation signal thus correctly estimted, feed-forward
control is inplemented so as to negate the disturbance exerted on the
actuajor neans. It is, therefore, possible to conpensate the disturbance
acting on the actuator 15 neans during followi ng operation. Even if the
fluctuation of the disturbance in the actuator neans is large during the

fol lowi ng opecatiens ead avevcbnlhe peshatanceavalye ghtne. drive coll of

t he actuator ans s changed accordin r esi

t enper at ur g1 §h 88 cdrirdspIREFIPLS A aQs%ﬂggxgewme&Bﬁiéﬂeogic@tgatﬁggehead

to the target track, and to 1nprove positioning accuracy agal ns

diverse coadhsiorde chapgesof AceOEdcBad R I HEp BEEHNTon N 0B8R agh%kh
solving neans in which the position control signal out of the drive signal

25 and t hebpowittionl worg redle siigfialkenseappld edede tiehenidiest ubba@mce 1esti mat i on
means, it is preferable to constitute the apparatus as follows. The
di st ur Bancks esidasht p dhardans usbapeesest it 1oy sigaN . 2006e cuigrat vsdneneans
for receiving the voltage signal detected by the voltage detection neans;
first mul t+PIIBTIFEIRAFOT dhe FGEVEPFOTAEe tort Wert 1orors ianit) eindsithral or
t he signal mh%ch, S oﬁtained b% nultiplying t he position control signal
by k1, 5 byS3itbetfiePRhtSdohSi EEFngeePna $NFeeraEARABf BPARENCt i on; second
mul tiplication ans_for l.t.i pl.yin n_output, of fhe .conparison neans by
a coefficient cgﬁ%ﬁs¥?ﬁ§lg?tﬁ“gggéﬁgr%FP&ﬁs$%Fl@%ﬁ&ﬁ?(ﬁﬁgqﬁ SBEPHEESFAt i on
means for pabeofali po-Lhe; nPULPYE; O hOS,SONBALLESN, JEAPS: AR 88$aN
i ntegration neans in & i ang ggrrespongg P3 +RBY-38522
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 actuatormeans. It is, therefore,
possible to compensate the disturbance acting on the actuator
15 means during following operation. Even if 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 1improve 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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10 for integrating a value obtained by subtracting the output of thg JyN 2006
second multiplication means fromthe output of the first multiplication
nmeans, and the conpari son neans conpares the voltage signal with the

output of the second integration neans, and outputs a conparison result to
the second nultiplication 15 neans and the first integration means. The
functions resulting fromthis constitution are as follows. The output of
the first nultiplication means which inputs the position control signal

fromthe posiphonseanhdals MBATLRiAy Phedysl OO ARtAINed By iy LiPIying

the position 20 control signal by k1, becones a drive tTorque estina n

signal cotrespendhge Hetkheidhi M8ahoF QHEr3ct hNYL PP1t A ashuaLLAR FBANS.
The out put of the second integration neans becones a feedback elenent for

the vol t ageust gpayihgpuhe esodiomon heomotd ags grial eat ite@ BBaRS1, Theiedt put
of the conparison neans which 25 obtains the difference between the voltage
si gnal andlshebtd beeddrk rellenmity iftpmhehposétand tohegoats dynaLans,k,i S
applied to the first integration means and the second nultiplication 22
means. °ThePB@t perlbiciert Honst sitinege e B steansnwfieeHf unigitieyrasesonte

di fference geco s a.disturbance estimation signal corresponding to the
di st ur banc® R%?fgﬂtho?h@e%EFug?Brmuﬁ%hﬂéylﬁﬁeaBUPbﬁPubfthéhgecond

ltipli ' btained 5 b Ltiplyi the difference by a
S}‘eg%?eﬁnf"‘%%fﬁﬂ%%%??ﬁ c.fsﬁ?',s ng%’s?sﬁéffgﬁﬁlégzet‘gﬁ{;?ﬁ: AFVE- Lo GE Bt mt o
Si , . _
regul t, tﬁg issgéifeb%ﬁr?ccglzos ’P%k?gnlr&ég%%tl(ﬂf Bﬁ?flgdg% rothSHé 31nr‘3’sf:ﬁ\g

G st or bance” Bar tea on The et Larbr s 2, o Ref® 1 ERRE-Ehibi nearBance
esti M onf &t il ed FHAS: €PTH @GlLE obtained by subtracting the output of
the second multiplication means from the output of the first
multiplication means, and the comparison means compares the
voltage signal with the output of the second integration means,
and outputs a comparison result to the second multiplication
15 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 position control signal from the position control
means signal or a signal obtained by multiplying the position

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
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estimted, feed-forward control is inplemented so as to negate the ; jyn 2006
di sturbance exerted on the actuator neans. It is, therefore, possible to
conpensat e the disturbance acting on the actuator 15 nmeans during foll ow ng
operation. Even if the fluctuation of the disturbance in the actuator
means ys large during the follow ng operation, and even if the resistance
val ue of the drive coil of the actuator neans is changed according to

resi stance fluctuation or tenperature rise, it is possible to 20 stably

control pagidhoni narideotiegd: 4 hentargelod r agkeqanfli oho ddmIove

S ! ich
positioning accuracy. Besides, the addition o i rst egr apllgn means

and t he seﬁomﬁgmm&éépth@aai@ﬂg5§ﬁ6§, wBtL6het he &E5§Er§QhMEnQSH§§Q§ipn
requires, is unnecessary. It is, therefore, possible to omt addition

means and $igndkceryresphrsiimy t6y:Hehaisbnsbahotickerdady bhethe aeeardbrg t o

t he above-stated invention, it is preferable that an estimation frequency
of the di steabancdE3outpulUt 2066 sesthdati bni sl Hrat i gr aduwcedobyat hed

di stur%ance estimation nmeans is set at a value larger than a control
frequercy Pamtidiinieing ddie fbhfesanesl Lyeansedee rianedi onsfEastkning from

t he above are as follo 5 To widen the control frequency band of the
posi tioni mg° & trrcﬁCtes%\qu&ﬁq FBENET t B8 HRF @4 & SHridpsrtqro saidngdi aRndHeRever

the gain s.an upper limt_by the sanpling frequency of the sector servo
of the di s’£ slf]gtr algée) Fpar &L usC of it h%e?‘gﬁ%rje‘g?e%%ﬁhﬂ?c%?an?esonance

freduency of LyaAglaalol, Maaoa; LB.CRIRa o L6 10 Liffunbaneg eekimat | on

nmeans i s not affected he sanpling requency of the

?iSrSStorqgﬁx@Qﬂﬂéafﬂ§st Ao AL POLY  mdin§ heo Al SLYERARCE €81 L MBL QD peans,

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 if 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. Besides, the addition 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
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possible to set the estimation frequency band of the disturbance

estimation signal produced by the disturbance estimtion neans, 15-ht gbrRr2006
than the control frequency band of the positioning control system As a
result, it is possible to make the head correctly follow up the target
track pver higher control frequency bands. Further, according to the
above-stated invention, it is 20 preferable that a cut-off frequency of
the filter means is set at a value smaller than a control band of the

posi L 1on COD 10k 5 ¥ NSnaNELUBELL AN chesyl 41 0d, oM Ll e ag Lol ovs.

Normal ly, there 1s a fluctuation In € resistance value o

coi | of thpsandwialion ¥BANS. 1hPgaddifion é&ﬁt%ldlf%id‘u%ncgz %in‘éeo%‘i’&{lgm to
enpera e

the drive coil, the drive coil "is heated to raiset ture and
t enper at urpogistoghemgesol hee@24s: 7 JUN 2006 resi stance val ue.
Consequently, the change of the resistance value of the drive coil of the
act uat or neans ke st uriet 1 Qositdsoritnigh ¢ dntano it hey sberei aekudisngot hews .
di sturbance estimation nmeans unstable, with the result that the system5
osci | | & esTintiigery Eheerryt nehrf namicsut behdbahd haf polsé tposiitigonontoalr ol
means. To solve this disadvantage, the drive signal is produced based on
the positi D CIRTEENSSEGNEICH RS RE OROZE 1opadi g7 bR - arfiPwaiee i $her Gahte
estimation signal. The .high frequency, conponent of the disturbance
esti mati on' %Y ﬁlalilpﬁ)?gdfm’%obiﬁftfheo?ainﬁilflgl K§AYRTENS Cf - R h SeEhP e BBliee a
filter si I (%I’hg.?]posi tion control, signal for, the head positjion_ is

|

conmbi ned Wi | P YR IR TR reby T othier ¢ BEFNRN5FJhal . In
this Cas%mﬁénéﬁg%(¥gééﬂéné§Qquﬁ&yd%%ﬁ%@%ff%E%%%.Siggaéoggrggg,fkﬂéer
10 disturbance estimation means is not affected by the sampling
frequency of the sector servo of the disk storage apparatus.
Accordingly, in the disturbance estimation means, it is
possible to set the estimation frequency band of the disturbance
estimation signal produced by the disturbance estimation means,
15  higher than the control frequency band of the positioning
control system. As a result, it is possible to méke the head
correctly follow up the target track over higher control
frequency bands.
Further, according to the above-stated invention, it is
20 preferable that a cut-off frequency of the filter means is set
at a value smaller than a control band of the position control
means.
The functions resulting from this are as follows.
Normally, there is a fluctuation in the resistance value of the
26  drive coil of the actuator means. In addition, by conducting
a drive current to the drive coil, the drive coil is heated to

raise temperature and the temperature rise changes the
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neans or correction neans is set |ower than the control band 15 Ot‘fgﬁN 2006
position control neans, then the disturbance estinmation signal having

hi gher frequency conmponents than the cut-off frequency is cut off by the
filter means and not fed back to the positioning control system
Therefore, even if the resistance value of the drive coil of the actuator
nmeans i s 20 changed according to resistance fluctuation or tenperature
rise, it is possible to stabilize the position control system

Fur ther mor ge 26685l Nga 1 | e MR SIALED hBVEALAD od foles cRLeLecgbLe ¢ hat
edly atta

the actuator neans is configured by a permanent gnet fiXx ched to

at | east onelyekerfoftlge pairive2®fl yokesHd aceaytdy akahie paids ofnpyokes
opposite to each other through the cavity, and a drive coil provided in a

magneti c pavityofibnged doyntided pesysbent magnediagd tdiee yokestuandntbhat 25
- 7 JUN 2006 a circuit having a capacitor and a resistor connected in
series, iestonaetordmeenshendtiabdecoiitin thar atdsllt Thieaf unkéi epstem
resulting fromthis are as follows. Normally, the drive coil which

const i Put eeSE¢hblacesatidh fsgagensycmanithe pottonl ypaad efitdteapceitonponent

but al so an i nductance coqponent. Since the inductance conponent is snaller
than the GOt RRce,lq 53y ditrisc (isadyagntageat éhg 65A8ei pligeaa

Cl oront, i 12 ORI TEE BB G HOY ERbYoRb BT S8 erab Tk 1ot tPRoREDHLr of
band of t ' b [ | ' . _high, t t . t
becomes et a6 e Co The CFPTURRES: of RIS R ARG Tids redlts in

a limt i NerdQeseasiithddiRdont iale BaBELPhahBE dSLUDACE; GRLATRL LAD
means. Considering this disadvantage, the circuit having the capacitor

10 off by the filter means to thereby produce a filter signal. The

position control signal for the head position is combined with

the filter signal to thereby produce the drive sigﬁal. In this

case, 1f the cut-off frequency of the filter signal by the filter

means or correction means is set lower than the control band

15 of the position control means, then the disturbance estimation

signal having higher frequency components than the cut-off

frequency is cut off by the filter means and not fed back to

the positioning control system. Therefore, even if the

resistance value of the drive coil of the actuator means is

20 changed according to resistance fluctuation or temperature rise,

it is possible to stabilize the position control system.

Furthermore, according to the above-stated invention, it

is preferable that the actuator means is configured by a

permanent magnet fixedly attached to at least one yoke of a pair

25 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



15 and the resistor connected in series is connected to the drive coil in
paral l el , whereby the influence of the inductance of the drive coid 7 2086
elimnated and the control band thereof can be set higher than the control
band of the positioning control system As a result, it is possible to
make the head 20 correctly follow up the target track over higher control
bands. In addition, in the constitution of a circuit, it is unnecessary

to take account of the inductance conmponent which requires high accuracy,

that th ti il ified. . di
To the aboysatarea nuanc onetrros LA RS Lonat PR aalEtGr “ane

the resistos connected to the adriyecsoi! hnopacailel are set to have a
capaci tance value C and a resistance value t as expressed by C=La/Ra2, and

r=Ra, 26 - 7 JUNRHOG@IctdppisoXxiashettfgCiadiRazniands¥sRays r espectisvel v,
wherein Ra is a resistance value of the drive coil. By so setting, the
conposi t e Napeabhee Wie tche vienpedanekeicbfcdhet dritves adid aandattrat metnkhe
parallel circuit becones 5 substantially equal to the resistance of the
drive &oilCombkimg niat poiyidiresistegorvadrpeisnnbyat @l sher nddictancee
conponent of the drive coil. Accordingly, even if there is a fluctuation
in the i ndtRPRREEonporiEit tiki Erdyeheisce sagwoafandciedshyl 1¢e theoi she
because it _is a derivative elepent, it is possible to 10 stably inpl enent
posi ti oni ngPtbnt¢ ot ShRRABut Lhet gl hfltiehbelo BYCHRRLAGY SEONAE1EELBLS ous
fromthe aboyve egq{anat'on, he %osition control neans, the disturbance

esti mati onc Teahss Lhe Totrectidh SheansnCand ¢ HE U HaIC e Re ORI A Sar e
E:gﬁf I(:Szftel %iaxgcﬁl}am?%tesiejnﬁenog, tiq:etgin%ié %Eokr)g‘ga?fgggtaergtkyf’no@ e.beAs a
10 result, if the control band of the disturbance estimation means
is set high, the control system becomes unstable due to the
influence of this inductance. This results in a limit in
increasing the control band of the disturbance estimation means.
Considering this disadvantage, the circuit having the capacitor
15 and the resistor connected in series is connected to the drive
coil in parallel, whereby the influence of the inductance of
the drive coil can be eliminated and the control band thereof
can be set higher than the control band of the positioning
control system. As a result, it is possible to make the head
20 correctly follow up the target track over higher control bands.
In addition, in the constitution of a circuit, it is unnecessary
to take account of the inductance component which requires high
accuracy, so that the voltage detectionmeans can be simplified.
Moreover, according to the above-stated invention, it is
25 preferable that the capacitor and the resistor connected to the
drive 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,
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or software. Additionally, as is evident fromthe above explanation. 7 g 2006
conpari son neans, the respective nultiplication neans, and the respective
integration neans, which are the constituent 20 el enents of the disk

storage apparatus, may be by hardware or software. Wiile the present

i nventjon functions nost advantageously if being applied to a magnetic

di sk storage apparatus, the present invention is not limted to the
magneti c 25 di sk storage apparatus but can be applied to the other

informatio TRGHF s r su as_ tical, .di sk storage
appar at us 2ﬂd a ﬁ%g%%?%?ggk?%gﬁ?g?drggg §5§§f§$ﬁ¥¥§§?“’?éarﬁﬁﬁ§e38 fRe

invention i§ &4heefiscinaspesiuthereche @rphovigded a di sk storage apparatus
as clainmed in claim1l. According to the invention in the second aspect

there is a provikledm sditak ngft, OEBgecoRPPEL 8¢ USuBsodrldd madthe chabAhfece5
According to the invention in the third aspect there is a provided a disk
storage appatheudrageckaiidednidn tdhlagi mflliheAqoarall ngl t ©itdeit nsesbines in
the fourth aspect there is a provided a disk storage apparatus as clai med
in cl aiPm 1SUbReawE Hr hiy tegiucHe P ifentesa skantheo f thehdaspeco itthemekisga
provi ded a, di sk storage 10 apparatus as clainmed in claim19. According to
the i nvent}o®aSFiHe ng%flhuﬂa tindregate shprigvdwiRrealicorpeoneniget

apparatus as clainmed in claim?24., According to the inyention in the seventh
aspect thefgﬁiérﬁyiﬁ%ﬁﬁhedaﬁxﬁ?§ﬂjl 3br§ﬂ@%aﬁgaF £48 &8ntrblumktAbYCAS

el o | AN B kRO B AR50 WL NEIRLAD, L LB cola B ospect
claim3l. fecordingiQethe i§V§naéPfV£9i$Qeeféﬂéﬁt?ngcistggégiﬁfeato
provi ded a di sk storage
10 stably implement positioning control without being influenced
by the noise.

As is obvious from the above explanation, the position
control means, the disturbance estimation means, the correction
means, and the filter means, which are the constituent elements

15 of the disk storage apparatus, may be configured by hardware
or software.

Additionally, as is evident from the above explanation,
the comparison means, the fespectiveInultiplicationlneans, and
the respective integration means, which are the constituent

20 elements of the disk storage apparatus, may be by hardware or
software.

While the present invention functions most
advantageously if being applied to a magnetic disk storage
apparatus, the present invention is not limited to the magnetic

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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apparatus control method as clained in claim33. According to the_jﬁgﬁﬂt%ay
in the tenth aspect there is a provided a disk storage 20 apparatus
control nethod as claimed in claim36. According to the invention in the

el eventh aspect there is a provided a disk storage apparatus control

met hod as clained in claim39. According to the invention in the twelfth
aspect there is a provided a disk storage apparatus control nethod as
claimed in claim42. 27a - 7 J UN 2006 The foregoing and. othey aspects

wi || becone appar AY§erdine 9ihe Hyepign 18&?‘?16“&@?8?&8?%% rfovicﬁg aic{\%(esrsﬂ P8h when
considered in conjunction with the acconpanying draw ng figures. 5 BRI EF
DESCRI PTI ON @ppar#es prAgindsniiaymil.i s a bl ock di agram showi ng t he
configuration of a disk storage apparatus in the first enbodi nent
according to the Auceskmg toithe Brventdny inFhgysecond sspactishese ks alpmyidghashigintergee he
whol e configuration 10 of the positioning control systemof the disk

st or age apparaglt,g,tgtushgcm@edfihrcﬁmembodi ment according to the present
invention; Fig. 3Ais a block diagramfor explaining the disturbance

estimatiog operat i&ao@&né f3&hdiS e RARGRe @i adBdct RRrdBaBroAlled HBisk diovdge

storage apparatus In e tirst enbodi nent according to the 15 present

i nventi on, Fiag. 3B is @ bécPCl%l clllinaﬂr am obt ai ned by equivalently
t ransf or m ng PREEF SR UL a8t 'Fig. 3A, and Fig. 3Cis a bl ock diagram

i agr am o expl alARERGaH OGP RETGA 1ghe Brrhaspst ferja avad bRk Sogs t e
on the disk storage apparatus in the first enbodi nent according to the
present i nvepparatus asaldingdyin cdddmj 5. a bl ock di agr am obt ai ned by
According to the invention in the fifth aspect there is a provided a disk storage
10  apparatus as claimed in claim 19.
According to the invention in the sixth aspect there is a provided a disk storage
apparatus as claimed in claim 24,
According to the invention in the seventh aspect there is a provided a disk
storage apparatus control method as claimed in claim 29.
15 According to the invention in the eighth aspect there is a provided a disk storage
apparatus control method as claimed in claim 31.
According to the invention in the ninth aspect there is a provided a disk storage
apparatus control method as claimed in claim 33.
According to the invention in the tenth aspect there is a provided a disk storage
20  apparatus control method as claimed in claim 36.
According to the invention in the eleventh aspect there is a provided a disk
storage apparatus control method as claimed in claim 39.

According to the invention in the twelfth aspect there is a provided a disk

storage apparatus control method as claimed in claim 42.
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eqU|vaIentIy transform ng the bl ock diagramof Fig. 4A; Fig. 5 is a_cut-off
frequency characteristic graph for 25 the disturbance exerted on T HeJii JN06
storage apparatus in the first enmbodi nent according to the present
invention; Fig. 6Ais a waveformchart of the fluctuation of the 28 - 7 JUN
2006 }y di sturbance exerted on the disk storage apparatus and a disturbance
estimation signal outputted fromthe disturbance estinmation nmeans with
respect to tine response in the first enbodi nent according to the present

i nvention, Fig. [ %ﬁgg M,V ect to
ti me response |#¥%1%%§% ﬁ%@¥e t he |stur%%%€%ges £1 %%ﬁﬂ%|¥%%$r5§ gutted
from the gist uhBancEl &5thJRlcisRT RS, b8 t'h'éoi'ﬁ\'%@ﬁti@ﬁ WHEH ESRLE QBrefBANS
and in a case where the distance estimation signal is not 1nputted into

t he correcin aorpanst iandvftly. t10€ dScompavei g niddy Lharti@hrastrack error
with respect to tinme response in a case where the disturbance estinmation

signal outputted fromthe disturbance estinmation neans is inputted into

the cokrection nmeans t t yat i sturbance; Fig. 7A
5 SR OE8AEEREPTL UG R HAR Hhakig:d

is a frequency gain characteristic view o open | oop of a

posi tioning contuol 1System{pcp £ase yhere Lg, HsLucbange st

means of the disk storage appara Nt accorglng to

the preseni;dinyentign éﬁfégj?até‘gcf?y@?leqlEwehﬁgﬁgﬁgﬂgeagéo%ﬂﬁ%vc% ggk!, and

Fig. 7B is a frequency to phase characteristic view corresponding to Flg
20 7A; Fi prdé¥ents anddeauency gain characteristic view of the open |oop of
a positioning control systemin a case where the

Fig. 2 is a block diagram showing the whole configuration
10 of the positioning control system of the disk storage apparatus
in the first embodiment according to the present invention;
Fig. 3A is a block diagram for explaining the disturbance
estimation operation 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 is a block diagram obtained by
equivalently transforming the block diagram of Fig. 4A;
Fig. 5 1is 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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di sturbance estimati on neans of the disk storage apparatus in the fjrst
enbodi nent according to the present invention does 25 not take accduht/Udf2006
t he i nductance of the drive coil, and Fig. 8B is a frequency to phase
characteristic view corresponding to Fig. 8A; 29 - 7 JUN2U Fig. 9is a
circuif configuration view of a capacitor and a resistance connected in
parallel to the drive coil of the disk storage apparatus in the first
enbodi ment according to the present invention; 5 Fig. 10 is a bl ock

di agr am shayé g b5 chagaed parts ehe Lhefi sturhance. est i mption mpans of

the di sk storage apparatus 1n i st enbodime

present i nyesthBManE: G sdikfhi ford Jirﬁqm{e%%xp%it%oﬁgégﬁg&ﬁéia&égu%%vcgf the

open | oop of the positioning control system of t storage _
appar at us éd ifet {of She £AHOGH PR NEc H6EOF dE N0t 1Pe t PESPELSENLnT PNENEL ORI N A

case where a filter is not inserted between the output of the disturbance
esti hat i oremeedinamd dbdecrdpug ©b tihe preseectiorenmedns, (Fhgi catedsby a
solid |line) and in a case where the disturbance estimation means does not
t ake aBcoufdveforhehesti afurtaive ofirrért driitherespectititdakede byoasbr oken
line) , and Fig. 11B is a frequency phase characteristic view
corr espondithg & Bh§rethe dipfurbancs ef thmedid afi aggaal sidwiutg achérom
espondt . . :
configuration of a disk storage apparatus  in the second enbodi nent
accordi ng % C%c?"t%febaﬁ}fe%eﬁﬁtliﬂiﬂﬁéfﬂq SfanS ¢S 18PpstgdpinER @PBREPERLSROW ng
t he whol e confiquration of tge ositigning control system of the disk
storage apparat %élda?ﬂ 1 176 5Set ﬁﬂge%gilﬁﬁﬁgcﬁc%ﬁFﬂmﬂ5¥?6 TP eSeRPt
Inventlon;inputted into the correction means, and Fig. 6C is a waveform
10 chart of a track error with respect to time response in a case
where the disturbance estimation signal outputted from the
disturbance estimation means is inputted into the correction
means to negate the fluctuation of the disturbance;

Fig. 7A is a frequency gain characteristic view of the

15 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 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

25 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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Fig. 14 is a block diagram showi ng the configuration of 25 a disk sgofgbgmo
apparatus in the third enbodi nent according to the present invention; Fig.
15 is a bl ock diagram showi ng the whol e configuration 30 - 7 JUN 2006 of

the positioning control systemof the disk storage apparatus in the third
enbodi ment according to the present invention; Fig. 16A is a frequency gain
characteristic view of the open |oop of the positioning control systemin

a case where the 5 resistance value of the drive coil is not equal to a

O et ae drdd'® 01 8141020 (b FREL LR (TR o E W Llled co8TRag ment

according to the present |1 nvention, and a Trequency phase

char act er i $tie® 16t QW@OEE£88008ENG bArEh Uel dSRhe O FRidcol 1A $12 B}Qﬁk
di agram showi ng the whole configuration of the positioning control system

of the di skcosdgs agspappanat Us ithet e st rahRydIed IR M c Aot Ngo t enthe
present invention, Fig. 17B is a bl ock di agram obtai ned by equivalently

t ransf or mpgesdret blwekndiagr am of Fig. 17A, and 15 Fig. 17Cis a bl ock

di agram showi ng the changed parts of the positioning control systemin a
case wWRere the ridd stléhéé @ableckoiizgeamrshay gyl thies chenvequakrte the

nom nal value; Fig. 18 is a re-drawn bl ock diagram of the configuration of
the di sk st¥ PARGCUSSERMg 1o et KE ERE Y TrBEaTRERt 2PRATABESY di ng

Lo the Preneled WVEDL Ol EN B9 L35 A8:run, plock, d spra of e uhol o
f%g;g?foﬁfparaiLE&&.”1599i%hgrQrSHPQQéyfgﬁié“éﬁ£é§é¥%rfs i%h%i%aeg%n£he
open loop of the positioning control system of the disk storage
10 apparatus in the first embodiment according to the present
invention in a case where a filter is not inserted between the
output of the disturbance estimation means and the input of the
correction means (indicated by a solid line) and in a case where
the disturbance estimation means does not take account of the
15 inductance of the drive coil (indicated by a broken line), and
Fig. 11B is a frequency phase characteristic view corresponding
to Fig. 11A;

Fig. 12 is a block diagram showing the configuration of

a disk storage apparatus in the second embodiment according to
20 the.present invention;

Fig. 13 is ablock diagram showing the whole configuration
of the positioning control system of the disk storage apparatus
in the second embodiment according to the present invention;

Fig. 14 is a block diagram showing the configuration of

25 a disk storage apparatus in the third embodiment according to

the present invention;

Fig. 15 is a block diagram showing the whole configuration
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25 Fig. 20 is a block diagramshow ng the configuration of a disk storage
apparatus in the fourth enbodi nent according to the present inventilodyN 3006

7 JUN 2006 Fig. 21 is a block diagram showi ng the whol e configuration of
the positioning control systemof the disk storage apparatus in the fourth
enbodiyrent according to the present invention; Fig. 22 is a re-drawn bl ock
di agram of the configuration 5 of the disk storage apparatus (Fig. 14) in
the third enbodi mrent according to the present invention;, Fig. 23 is a

re-drawn bgp%%e?;i%?gj;@%é?j_%é b;%t \M}%H_?§¥§9Q{1'c9fj'&ﬁ%' euks l?%t%@%ﬁ%?%%ﬁ%ﬁ?]rcgg

control system e storage ‘apparatus i

ermbodi menti @G dinird IGnd Q1 fieh PreEseMtaifyent i e Fidsed 1Svénblogk
di agram showi ng the configuration of a disk storage apparatus Iin an

enbodi ment whi clriis. d6podbi AaftOfuedty tdei  ighslr e dilivid enlkedbrenhs
according to the present invention; and 15 Fig. 25 is a bl ock diagram
showi ng t hepexoibioguo attilon pofsitd otiisky stotage sappamatinsa idasn waetredt hent
which is a conbination of the second and fourth enbodi nents according to
the pr@sertesishanme oralus o [theheyd vid gorids 1sl hké eqnpdnent 8 aeminadi cat ed
by 20 the same nuneral s. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Wth ref erBhcd t 0t hehdr i sigicbansifer 666 lanbdorneneansf im #hek shdrdge

apparatus and di sk storage apparatus control 25 method according . to the
present ﬁl&ﬂfﬂ?% AC |§Bn‘é‘b€ REESISES £BVSPR18By o719 H39 4 4 OFot&d t hat

conponentgargggil §£§Ephase characteristic view corresponding to Fig.

16A;

10 Fig. 17A 1is a block diagram showing the whole
configuration of the positioning control system of the disk
storage apparatus in the third embodiment according to the
present invention, Fig. 17B is a block diagram obtained by
equivalently transforming the block diagram of Fig. 17A, and

15 Fig. 17C is a block diagram showing the changed parts of the
positioning control system in a case where the resistance value
of the drive coil is not equal to the nominal value;

Fig. 18 is a re-drawn block diagram of the configuration
of the disk storage apparatus (Fig. 14) in the third embodiment

20 according to the present invention;

Fig. 19 1is a re-drawn block diagram of the whole
configuration of the positioning control system (Fig. 15) of
the disk storage apparatus in the third embodiment according
to the present invention;

25 Fig. 20 is a block diagram showing the configuration of
a disk storage apparatus in the fourth embodiment according to

the present invention;
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same functions are denoted by the sane reference nunerals, respectively.
32 - 7 JUN 2006 First Enbodinent Fig. 1 is a block diagram show ng7tju® 2006
configuration of an exanple of a disk storage apparatus of the present
invention in the first enbodinent. 5 In Fig. 1, the nuneral 1 indicates a
magnet;ic disk rotated by a spindle motor (not shown) ; the nuneral 2, a
magneti ¢ head for recording/reproducing data for the disk 1; and the
nuneral 3, an arm which noves the head 2 to a target track on the disk 1

by pivoting the ghead,2 i@&rﬂl%%koﬁliégf%@%%o%%go{hé Q%oi%é%g’nég??fgyfgna

bearing 4. The nurferal 5 1 ndicates ive coll provided on e rear end

of the armBrhansbd el uies Jonkrod syaten of ¥AKe)id i sWR-aRea: pRYPLE LA
per mmnent magnet, not shown) is arranged on the surface oOpposite to the

drive coi |irb.thEhe cstratroenbdddarsits becotrbiiagghoat Bapp rofe @t pohveOf 1 OPPOSI t e
yokes, and within 15 the gap, the above-nentioned nmagnet is fixed to at

| east one of t & grokésis Fheei-trewachionk bdtaweam tdfethagnet £ cgdtaikion
generated by the magnet arranged on the stator 6 and the magnetic field
pr oducéd the ¢uskaforesirdappadatipoligio ¢ Ad ) dinvde shi rdemedsente arm
3 to be subject to a rotational force. An 20 actuator 7 is configured by
the arm 3,23HF PR i TRy 4 ML/ v el ER1 L% and the stator 6. The nuner al

whi ch 15 1 ncl uddddm the i1 fe TERRET 0 THElect C2EE08) (SotHencrALR
12 i ndi carst St e R g RN iR ew e e T REPEe (B ot ol ihee
the disk storage apparatus in the third embodiment according
10 to the present invention;
Fig. 24 is a block diagram showing the configuration of
a disk storage apparatus in an embodiment which is a combination

of the first and third embodiments according to the present
invention; and

15 Fig. 25 is a block diagram showing the configuration of
a disk storage apparatus in an embodiment which is a combination
of the second and fourth embodiments according to the present

invention.
In all these figures, like components are indicated by

20 the same numerals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to the drawings, concrete embodiments of
a disk storage apparatus and a disk storage apparatus control
25 method according to the present invention will be explained
hereinafter in detail. It is noted that components having the

same functions are denoted by the same reference numerals,

respectively.

32



torque id exerted on the arm3 fromthe voltage signal Ed outputted by the
vol tage detection neans 11 and froma drive signal u as an input Qf7tﬂﬁ12m6
drive nmeans 10, and outputs a disturbance 30 estinmation signal Tdest A
position signal of the track, which has been previously recorded as servo
information on respective sectors of the disk 1, is read by the head 2.
Position detection neans 13 detects a current position of the head 2 from
the 33 7 JUN 2006 position signal read by the head 2, and produces a
position efrost Bilgmddmentndicating a difference froma target position r

of the target t k., Positign contraol nmeans 14 receives_the positian

. [ =ne (LAl Al Q-1 11 (] <. oRlLlid a 1 (O £ L
error sig gete O - . ) es and
phase co H@ j oBe v &t C.

RN X S i gia € GG @& B G@ h
The nuner al ég iqgicgtes filter means which cuts off high frequency
conponent _ trration signal 'zdest applied fromthe
di sturlzance estiTmtign NPane dZnéPaTar 1881804 Q HBGRSL 16 And whtghedoes
not out put. the high frequenc&é;onponents to the correction nmeans 15 so as

to stabi | i 3aSPASFLPORPRET Eot rdI1ovyst ERe THBSFRLt2r arBaAgete cobiepdts a
filter Sigﬂﬂlréde&ﬁﬁdV%@ﬂBbé&&ﬁkﬁQa@gfféPQjQ!a@s&rfg%@ﬂp¥hgoﬂﬁﬂggggslgrOm

the di sturbance estinmation signal tidestl to the correction .nmeans
The nuneral: B3 ieFdi vhied npaeescrhedidash 2mbans wWhiedt trusesi wastheedpskiti on

PO oo DY EdOmd R P N neOM0 or TR 1S8R, BROchL! hek 8 902

f fromthe filter neans correctlion neans erforns a correction
conputl&t i crgowndl a Hesr Pnud putthe eudmiale Siigrkilcateso & hridrd v inieans 10.

The drive 5‘%\?&3@1&8 oinstlr(fé)r}ffeia%uerr? osfu’&'rm]e tar}:?nt3i' tan%otr'jl'(ljg(r:ltu?neral 6, a stator
(yoke) in which a magnet (a permanent magnet, not shown) is
arranged on the surface opposite to thedrive coil 5. The stator
6 consists, throughagap, of apair of opposite yokes, andwithin

15 the gap, the above-mentioned magnet is fixed to 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 indicatés
disturbance estimation means which estimates a disturbance
torque 14, exerted on 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 T4,.. A position signal of the track, which
has been previously recorded as servo information on respective
sectors of the disk 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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a drive current la to the drive coil 5 in response to the inputted drive
signal u, pivots the arm 3 about the bearing 4 as a center, rotati,pnalyny 2006
noves the head 2 nmounted on the top end of the arm25 3, and positions,

with high accuracy, the head 2 to the target track formed at narrow track
pitchas in order to record/reproduce data on the disk 1. Using Fig. 2, the
operation of the positioning control systemof the disk storage apparatus
in the first enbodinent 30 will be explained hereinafter. Fig. 2 is a

bl ock di agP@fi sHeNniSAgNERer id by Bonhiegdrat aod mwfodure pagsidsidniorgecoatr ol

t f { S ggﬁ? r at i h I Ist iment. . A portion 30
:ﬁfr g?ngedégmg?%i aé(s%%){ e- o@t&%ﬁnﬁ%fﬁg}%en%ffn{ %tg%ﬁ%go%sﬁﬁéoﬁ SUP% is a
bl ock of theediargebahreckst iBrstitdonmeans il meSimd |1ar Insceai ooy tion 47

surrounde i 1 h. i.ngl e-d hain line,.in.the figure js a hlock of
correcti ogpgrr\éeia%s&l%r %rpsolré)ﬁg%%eé%roi%crerdo]ﬁx & BPEhH éogidr?gﬁeé:-tdﬁn ERAMA 1ine
in thedfiglde amplal Bl eckarsd ghhadee conipleage tdet edlki eAgARANSaAd. ptBdfkEs 2,

the synbol_s_ _indicates Laplace operator. In Fig. 2, hold elenments by the
sanpling of Ef%selrsjeoc?o?ogtelf‘gjo %Jr%n%ﬁﬁted to sinplify the explanation. In

Fig. 2, expressiTige hiieetanr eatirddiatk 2081 L 6P el eried chld by dftenhgad 2 as
X, the position error signal e wwth respect to the target track poSition r

i s expressEtE BTSN AAPCRENHS Oh thogiistonreares esitgmalt ion sigbbdihed at a
conpar at orafWhi & firom &h8 1 S esgatkd @39 na¢AWRALE S TEags %&gcgéne:r "X
.« « .- (1) The position control neans 14 expressed by a bloc I'n
Fig. 20appleasss &Sl thiichi deey nproeesmihghefhagh fawsfuency components
to the correction means 15 so as to stabilize a positioning
control system. The filter means 16 outputs a filter signal
f obtained by cutting off the high frequency components from

the disturbance estimation signal 74, to the correction means
15 15, |

The numeral 15 indicateé the correction means which
receives the position control signal c from the position control
means 14 and the filter signal f from the filter means 16. The
correction means 15 performs a correction computation, and then

20 outputs the drive signal u to the drive means 10.

The drive means 10 is configured such that it conducts
adrive current I, to the drive coil 5 in response to the inputted
drive signal u, pivots the arm 3 about the bearing 4 as a center,
rotationally moves the head 2 mounted on the top end of the arm

25 3, and positions, with high accuracy, the head 2 to the target
track formed at narrow track pitches in order to
record/reproduce data on the disk 1.

Using Fig. 2, the operation of the positioning control

system of the disk storage apparatus in the first embodiment
30 will be explained hereinafter. Fig. 2 is a block diagram

showing the whole configuration of the positioning control

system of the disk storage apparatus in the first embodiment.

A portion 30 surrounded with a single-dot chain line in
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function Gk (z) to the position error signal e outputted from 20 the §
conpar at or 20, produces the position control signal ¢, and output s‘-‘i7tJW)200
the correction neans 15 expressed by a block 47. The positioning control
systemis applied with a normal PID control, and the transfer function of
the pasition control nmeans 14 can be expressed by formula 2:- 25 ' Gx(z)=Kx
| +ad(1-2z-')+a; 1lz-' (2) -z Here, the synbol z-1 indicates a

one-sanpl e delay, and the synbol KX indicates a proportional gain of the
posi ti oni nghaE e dis eybilesk Thethwalifstoirharsagstamatagncmaeensohdt ant s

for expressi: que char LSLI i.n whi.ch. c frci.ent. ad is a
dor i vat| ve Sk oY e L OuREY e f et ahpieru MR Tl ahe 585 Uit

i ntegral coefdfhecifégireThe pdsidadlom fcontrrectsbgnaéans pssed pohtaonghSan
adder 46, c the_ dr.ive signal, u. The driyv, iignal uv_is_converted
fromthe vO f%(ggm%%%allttq% 21 il iogrgc CREFPemOSE n@?e itl%flﬁg J(ﬁiav%fﬂ%]éns 10
of a bbockoR22:l{¢ heoltamsf@etdct lmetmeans s1gm ,Invirge the thd s r ent | a
is outputted..In the tuator 7 expressed,.b bl o 23, the drive current
la is con%q%%%t%f/k&aaﬁ%%%f‘@?e?%$ io nK%Lf% ?hekaiévﬁﬁ?ﬂ?aﬁé by th$ an

i nteracti cguriel Wegrnot hehaogoetse seetvd Rroduseddy tdhesimpiveycurgent |.
and t he above-nentjoned magnetic flux of the 10 stator 6. Here, the
transfer feFR¥FMEIR"Nis a torque constant of the actuator 7. A transfer

I Egcg Ir iO\r/le( tLloai Jﬁ)e“fif“@'bi O@kp2és TR €58 % r3 taPsh &k pehanatheabebieehr om
10 by the head 2 as x, the position error signal e with respect
to the target track position r is expressed by formula 1, which
position error signal e is obtained at a comparator (which is

also referred to as “comparison means”) 20.
15 e=Yy—X s e (1)

The position control means 14 expressed by a block 21 in

Fig. 2 applies a digital filter processing of a transfer
function Gx (z) to the position error signal e outputted from
20 the comparator 20, produces the position control signal ¢, and
outputs it to the correction means 15 expressed by a block 47.
The positioning control system is applied with a normal PID
control, and the transfer function of the position control means

14 can be expressed by formula 2:
25

-1
GX(Z)=KX{1+ad(I—-z'l)+ai1Z _1} ..... (2)

Here, the symbol z*!

indicates a one-sample delay, and
the symbol K, indicates a proportional gain of the positioning
30 control system. The coefficients a,, a, indicate constants for
expressing frequency characteristic, in which the coefficient

ay 1s a derivative coefficient, while the coefficient a; is an
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exerted on the arm3 to a noving velocity v of the head 2. Here, tHeJUN 2006
synbol J indicates an inertia nonent of the arm 3, and the 15 synbol Lb
i ndi cates a distance fromthe bearing 4 of the arm 3 to the head 2. A
bl ock 25 indicates an integrator (which is also referred to as
“integration neans"), where the transfer function is expressed by 1/s, and
the noving velocity v of the head 2 is converted to the current track
position x. 20 In the actuator 7, a block 26 outputs an induced voltage Ea
gener ated doitesyathecdfifieicsil. 5Thy pheitabat conteblt begnadt kapeksés Wil e

a bl ock 27 S Vv dro RatlLas I ener ated by the conduction
of the dri \t/"g&%ﬁtéﬁle%ﬁ éf(gé%%tgl(;%’t ﬁ%g éﬁcf%e%%ihle gfg}iﬂcfjcﬂﬂadutus aTherdy heg

vol t age Vasdfgnghie vadtsuatoorveXt el tfsroggdjmggtcn_el{_;ﬁg{wg&@d}aﬁolg@%tﬁgg%;ﬁ?g
vol t age dr ach _other at an, adder . at is, ere

t her eget weg:%rtri%gl%a%l?%#o%& :t%%a@% UC (REPSa10 9t p Block 22 (Bhedprammi®in Ra
i ndi cat®s conktiesi dkagge, ofhdhe whd wariaad lor-and La; kndieghesclihe 1p

i nductance of the drive _coil 5. A disturbance td exerted on the arm 3 such
as a pivottgg FCFURT26068 FEREERGSFr Pyt PoR1BFkt Ra, akhaadsive, canrentsli c

f f angF CH N a ‘Wt n el.ectronic circuit
bgg(r:g, Oanglsaﬁgpr\{%???g Fgr geklggg%?%gdtfg@cgﬁ\é%ac%f u ?o‘l_'h%_ Herkve 0" 3Bk br
vi bration BYephedinbaraféidnsketveengehappagme usc f o d her aiicddier b tran be

cupn eSS 85yl LT AIpL! i B L, ache R A0E RlpllE CLE g 2,
Fig. 2lGhowsathe det didraf tthee tvahkdge fdehecionakmeans ddsque constant
of the actuator 7. A transfer function (L,/J's) of a block 24
expresses a transfer characteristic from the drive torque 7
exerted on the arm 3 to a moving velocity v of the head 2. Here,
the symbol J indicates an inertia moment of the arm 3, and the
15 symbol L, indicates a distance from the bearing 4 of the arm
3 to the head 2. A block 25 inddicates an integrator (which is
also referred to as “integration means”), where the transfer
function is expressed by 1/s, and the moving velocity v of the
head 2 is converted to the current track position x.
20 In the actuator 7, a block 26 outputs an induced voltage
E, generated across the drive coil 5 by the rotation of .the
actuator 7, while a block 27 outputs a voltage drop (R,+L,'s)
I, generated by the conduction of the drive current I, into the

drive coil 5, and oﬁtputs a terminal voltage Va of the actuator
25 7 by adding the induced voltage and the voltage drop to each
other at an adder 28. That is, the relationship therebetween

1is as follows:

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 1, exerted on the arm 3 such as a pivot
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whi ch bl ock 55 includes a block 39 having the sane transfer 10 functl ‘ﬂjlbﬁ%os
that of the block 27 included in the actuator 7, and a subtracter

bl ock 39 out puts voltage drop (Ran+Lans)la which 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 term nal voltage 15 Va
of the actuator 7 using the subtracter 36. The portion 30 surrounded with a
si ngl e- dot chal nline in Fig. 2 shows the detail of the disturbance

esti mat i onPRE&AST fpichhprhobltdik a8 uatelrudesara adlasdki 3Zolmaei 0f amQEﬁhrrek
transfer {1 Qf5 drive means 10, a bl oc
20 33 havi tﬁgﬂ?tﬁgegé“ %%%r%%éar O?ﬁ?]?%l onaégej[a% %P 5 ﬁér&u&@’ %rdasan[

act uat or 7analibegtka3foksei mgcelivesaby thansfenaforctli oue a® tshatckofort he

bl ock 24, - I C ane transfer unction_as that, of the
ol ock 26, FRB-RrEbAttecin ARELIS I AR BB ra HE g B8 Sl
"mul ti @i caghope reeanstysetl aissa clomfn glmrpelctttéﬁl bytbhthe arbintastagead £ tiee bl ock

32 and the k 3 The nurreral indicates a first integrator and 44
i ndi cates a sggon Ofnlp&r t?ﬁe:igecond integrator 42 is configured by
the conbinati onThé pbetbbﬁ0553§uﬁﬂduﬁdil@d bb DEl B35 1 eI ddtesRRatd @ ne

constants with,the syffix "n" in the block 30 indicate nom nal 30 val ues,

and vari abt-8sEWft HP t O‘%%fth%( degeil phgflareobsegerdeiect e neange Kignal U

inputted i phechhB1bBkbRCk522nk3 uaks0 a b@BH&t@@ hﬁb@nbh%hgl%%%eB%r%ﬂg%%EIUt'ng
t he dllsturbance estimation neans 12, and a nultiplication of gmKin tines

the 3740 7EY0RE20D628r Fhatspgnihe Plock W binpkudd aimd thee asitoei B3 Toauses
the same dphvg EQBHE‘S&%E' ABLI Ofn &1 G183k PE§t @S LPE FLivE LOLIYS t exerted

on the arm 3 to be obtained
(R,n+L,n+s) I, which is generated by conducting the drive

current I, to the drive 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 Dby 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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In Fig. 2, a velocity estimation signal vest is outputted 5 from}
34. Ig t he bl ock 35,yan i nduced voltage estimation signal Eaest_ob?gr'@eg&Jé
by increasing the velocity estimation signal vest by K'n times is inputted
into a conparator 37 and is conpared with the voltage signal Ed actually
detect'ed. A resultant deviation signal a (=Eaest-Ed) is inputted into the
10 first integrator 43 and the second nmultiplier 44. The first integrator
43 integrates the deviation signal a by g2 tines, and outputs a

di st ur bancETre¥ei FhENdR Bilgnhhet k 35 anrstlue Buleek 33Theudesi tité ovanss gnal

a is input I ﬁ§%9 nul Liplier. 44 nd.increased b | tines,
and t hen aggggb{l%ﬁ%@g er%%%.lrgf’sgﬁl‘ﬁégglffﬁu s gget Jél‘é(a er BE |¥§gﬁe ﬁft ed
into a subPPa&her agm 3 Wkebe gbtesdmedant val ue y obt ai ned by spbtr?ctlng

t he output of t er, 3 ive torque estimation signal test
outputted fromt Eg %:F(gbkz ’3% ?éi)gtbj%ggt%é%nﬁaotjt%% BB S Eélé:%fui_%&e t gl
of the Becdmdmnthei pllicek 34 .antinatR6 obetki 86 enang2naficéhevbitsgei ntegrat or

43 are con . faor _stabilizing.the operation of the disturbance
estinationgégghétlfﬁ,Sﬁﬁga&e ﬁﬂgﬁﬁtﬁﬂﬂ RY 1N PG iHe TRty n Fig.

2, a bl ockeS#imataohl otinal agrapy &, thaebild ampureansidbe dhenddgiomeans
16 express ? by .t he bl ock 54,sub%ects 25 the disturbance estimation signal
{dest out putt dTd S UHRR EFS HiBabice TEaiAR P ofnAbdher 1212 bl 4 dRitiersed.

pr 0cessi ngaofe du1t aANSIEY 1 LG IR 8) (—cOCNRL At es Ayliligy i%'t%”%'yhe{ el

out put the filter signal f to the correctfdn ﬁean . expressed
bl ock ¥r. FhEStr AREeEratanctBorndfthhes¢¢one mykaisl 16r cth. b&he3d iexyir essed

by formul a;dted 4dtot+dX iftegrates the deviation signal o by g, times,
and outputs a disturbance estimation signal 1, 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 Test
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 filtermeans 16 expressedby theblock 54 subjects
25 the disturbance estimation signal 7, 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 = — s s e e 4
() 1+T, -5 (4
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38 - 7 JUN 20ud Here, T. indicates a time constant of a filter and .y, y@angou
a filter |Iowpass cut-off frequency f, hold the followwng relationship: 5
1 TX _ ..... (5 2 7r ft In Fig. 1, a state in which the filter signal f
is outputted fromthe filter neans 16 to the correction nmeans 15 i s shown.
10 The) filter of the block 54 is to stabilize the operation of the
positioning control systemof the disk storage apparatus in the first
enbodi ment, the detail of which will be described later. In Fig. 2, a

bl ock 47 surrounded with a single-dot chain 15 line is a bl ock diagram of

the correcti on mmaps, 15, iAdbLacks? 46l wied (pt e carrectl gpmans 15

produces a correction 'signal e drive neans requi'T 84t o

arm 3 geneﬁaféltérdﬁpVepﬁ§Sc@uha¢fﬁgfaeqagncyudglamhﬂvem@nmolrbwtmg
dlsturbancgelg§gbggﬁapn signal tidest by increasing the disturbance
estimation 20 signa idest by 1/ (gm.K,,) tines. The correction signal (3
is adddd to the p05|tion control signal c at an adder 46. Wth reference
to Fig. 3, the operati of t he di sturbance estinmation neans 12 of the

bl ock 30 will beTexpl ‘hereimmafter. 25 Fig. 3A is a block diagram
obt ai ned by changlngilh@%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 'rdest. Fig. 3B is a block diagram obtained in the bl ock

diagram of 1ffigig. 1, a state in which the filter signal f is outputted

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 line 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 1., by increasing the disturbance estimation

20 signal 7, 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 Tyest *
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 Eq, 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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3A by transfer noving equivalently the input position (at the 30 conparator
37) of the voltage signal Ed, thereby transforming the block di agraimJoR 2006
Fig. 3A. Here, to sinplify the explanation, assumng that the val ue gm of
the block 22 is equal to the value 39 - 7 JUN 2006 gm of the block 32 in
Fig. 2 as shown in the followng fornula, the drive current la (=gmu) is
considered to be equal to the estimation current laest (=gmm'u) 5 gm =gm

.. . . . (8) By. i.ng.t he magnit ude of th | t i gnal _ Ed J
51 (Lbn K OF TS SRR AL UE R el 88 o B R AN S st S
can be equi ¥akeatkyemeuertatt he japul) Posiddi Mredd & UL AL &1 4§, shown

in Fig. 3B. Noting the subtracter 48 of Fig. 3B, the value b as the output
of the subtfaELBATAQN| Sugkgnésded: a&h®M in fornula 7: 15 S=K,nl.- J" -S

Ea ..... (7) Lbn L. Kvn Here, to sinplify the fornula 7, assum ng that
there exists a relationship as shown in fornmulas 8 and 9 as i deal
condi ti dhs: 20 Ra& R .....'(8)6a = Lan ..... (9) 25 Noting the

subtracter 36 and substituting the fornmula (3), the voltage signal Ed is
expressed by the following formula 10: Ed = Va - (Ran + Lan . S)la =Ea
+(Ra+La' S) | a- (RanByLancr&sang the magnitidje of the voltage signal E; by

(J,+8)/ (Ly,*K,n) times, the input position of the comparator 37
of Fig. 3A can be equivalently move to the input position of
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:

15 =K, 1, ——2"_E ... (7)
L, 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, ++e-- (9)
25 Noting the subtracter 36 and substituting the formula (3),
the voltage signal E; is expressed by the following formula 10:
Ed = Va _(Ran +Lan 'S)Ia
=FE +(R,+L,-)I,-(R,,+L,,:s)I, -+ (10)
=Ea ’
30 Then, noting the comparator 29, and the blocks 24 and 26
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=Ea 30 Then, noting the conparator 29, and the blocks 24 and 26 40 7 ;ﬁmN 2008
2006 } of Fig.2, there exists a relationship as shown in the fornula

EE =LJK (K la-zd~..... (11) 5 Here, assuming the relationships
shown in fornulas 12 and 13 as ideal conditions, and substituting the
formulps 10, 6, and 7 in the formula 7, the formula 7 is transformed as
shown in the fornula 14: 10 15 15 = rd Kt=Kth ..... (12) Lb Kv = Lbn Kvn
..... (13) J Jn 8=Td .....(14) That is, the value 5 as the output of the
subt ract er 448Fips2eqtafrecexhet oistmalisdrionship eseshednom tittee drammdila
Therefore, jdetermning a transfer function fromthe 20 disturbance tid
exerted on the arm3 to the disturbance estimation signal tidest, the
function is obtained as shown in the forrmula 15: Lbn Jn Kvn .92 ides[ L Td

Ea=%(K,-Ia—rd) ----- (11)
)
Here, assuming the relationships shown in formulas 12 and
13 as ideal conditions, and substituting the formulas 10, 6,
and 7 in the formula 7, the formula 7 is transformed as shown
in the formula 14:
10
K=Ky w000 (12)
Lb'Kv=Lb"'Kvn ..... (13)
J J,
15 O=Ty v (14)

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

signal T4, the function is obtained as shown in the formula
15:

L
an 'Kvn 'g2
n
Tdesl Td ..... (15)
s+ K, g s+ K, g,
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S2 +n' Kvn '91" S+J Ln' Kvn .92 Jn n ..... (15) 41 - 7 JUN 2006 _From
the fornmula 15, the disturbance estimation neans 12 is understood'thd?Nﬂq@
actual disturbance -rd can be estinmated in a secondary delay systemfrom
the drive signal u and the 5 voltage signal Ed by the loop in the block 30
surrounded with a single-dot chain line of Fig. 2. Here, expressing the
nat ural angul ar frequency (estimated angul ar frequency) of the secondary
del ay systemas wo and the danping factor as ~o, the constants gl and g2
to 10 stabilize the operation of the disturbance estinmation nmeans 12 are
expressed by the followng fornmulas 16 and 17, respectively: 91 =/-Go . wo
15 Lbn ' Kvn 2 _ill o 92 =a) . Lbn - K ..... (16) ..... (17) Here,
setting the estinmated angul ar frequency co at a value higher than a
position control band fc, and selecting the danping factor as ~o as 0.7
through 1, the disturbance Td such 20 as a pivot bearing friction, an
elastic force and an inertia force can be correctly estimated by the
di sturbance esti natd@rheneapsauld.15, the disturbance estimation means 12

is understood that the actual disturbance 1, can be estimated

in a secondary delay system from the drive signal u and the
5 voltage signal E; by the loop in the block 30 surrounded with

a single-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"
gl— !é .a) " bn‘ - ( |6)
Jn '
15 g, _—a)oz. —x (17)

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 T4 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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Transformng the fornmula 15 by the use of the fornulas 16 and 17, the
followng formula 18 is obtained: 25 42 7 JUN 2006 That is, the blqpy~mN 2006
di agram of the disturbance estimation neans 12 of Fig. 3A can be
sinplified as shown 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 wll be
explained in detail hereinafter, on the assunption that the transfer
function F(s) of the filter means 16 is 1 to sinplify the explanation.
This 10 corresponds to the operation of the positioning control system
with a basic configuration in which the filter neans 16 is not provided
bet ween the di sturbance estimation neans 12 and the correction nmeans 15.
The bl ock 47 of a portion surrounded with a single-dot 15 chain |ine of
Fig. 2 indicates the detail of the correction neans 15. The bl ock 45
outputs the correction signal O obtained by increasing the disturbance
estimation signal tidest by 1/ (gm.Ktn) tines to the adder 46. That is,
by increasing therghstiy,baneelo€isidimRiraan o gialdits tlgdarttye ks tigam.ildnn)
times, the correction signal_20 (3 required to make the actuator 7 generate
a drive fortRakavihPt Fiagnth G &fuisiardntf ies @fe shicstruriBadc©1OK wat i on
signal t5idest pi$, ogtputted to the adder 46. Further, the correction signal
is increased gmKtn tines by the blocks 22 and 23, so that the disturbance
estimati on si gnalWithiesiferenpeetd dlig v 4i neheapedatinpn o f (Ymkomredthen t o

oDt RGR U8 AP CRE L oo oD%, A SO BRAYReE L BT,
configured hereinafter, on the 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 singie-dot
15 chainlineof 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 Ty bY 1/ (GpnKen)
times to the adder 46. That is, by increasing the disturbance
estimation signal T4, by 1/ (g K.,) times, the correction signal
20 P required to make the actuator 7 generate a drive force having
a magnitude equivalent to the disturbance estimation signal T,
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 Ty, 1s pre;riously increased

25 1/(g,, K.,) 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., is 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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such that the disturbance estimtion signal tidest is nade to be exgrted
on the actuator 7 in a manner to negate the disturbance 30 Td due tofalUN 2006
pi vot bearing friction of the actuator 7, an elastic 43 7 JUN 2006 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

di sk storage apparatus from the outside, and the like. 5 Fig. 4Ais a

bl ock di agr taj i_CKi L frQq he .adder 46 to the
conpar at or %gtr%laén%f{]%%%%%%?}qr%eqogﬁéng : ;[%aé:roorgj é‘ﬁtg'h ot éh SRt on
means 15. Ficgrc4Bti boardl, oek imkenyianfercedictedtwe] dinsthebaneaaterexeasy ed
on the conmparator, 29 and_ the one exerted on a block 52 are integrated into
one 10 di st Gr BARGE Orrdyl&ﬁ%&ﬁé’n?’éeﬁgﬁgﬁd’ Fﬁ@ %ﬁ?&sﬁﬁﬁ@tgieoﬂpaérﬂ%%efr?% t he
bl ock di agr ateobukisg.de? amel ithd Qafiked by the same synmbols to lom{( a
duplicated explanation, Ip the blaock diagramof Fig. 4A, the block 52 is
equi val eit to th&iModR 52 "bﬁ’lﬂ% d&é,gré’ﬁboﬁéélaegr%hsﬁ”eﬁr?k#mmm&\lons
expressed  EpohVehdIadd@E & olfne TR S r 260B T Ohe 4R | ce
Td exerted on the arm3 fromth% outpg de can be cons?g)groec}b?éd‘lbezﬂeg(%ﬁed
through a fthetepesrpiessed biye cereect kon fmgats dif .of Filge #Brimla %ok

Con . : 02
e e o ORG99 C R FRL L RY S5 000 A Fos 0% L BLT Y55 R ' QRS O

29 and the one exerted on a block 52 are integrated into one

10 disturbance t,. 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 diagramof 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 Ty 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

G,(s)=1-
() S 428, 0y 5+,

5P 42,wy ¢S
S2 +2;0 'a)o 'S+0)02

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 G4(s) shown in Fig. 5, at an angular frequency
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Fig. 5 shows the frequency characteristic of a transfer function Gd(s)
expressed by the formula 19 as a polygonal line 25 approximation. 5qghf2@6
frequency characteristic of the transfer function Gd(s) shown in Flg

an angul ar frequency 44 7 JUN 2006 | ower than the angular frequency coo,
the gajn is O dB or less, and as the angular frequency co drops, the gain

i s danped at a danping ratio of -20 dB/decade. The decade neans ten times.
That is, fromFig. 5 transfer function Gd(s) has a | ow frequency 5 cut-off
filter charesesr tbﬁnctbap@m@aﬁ ﬁnﬂmmrtqylg)oa theqmency. s IOomeror hias ¢ he

angul ar fr i Kk Stora ar at.us of e first

engodl nent %‘:ﬂlsldecr{]j%ft_“:ix{(g%ur'%1 sll?crﬁ Q‘It% z'n vmqgrn %ea%rstqﬁlﬂjar?cse edije‘;‘t[o a

pi vot bear iengampiiogi oat larpfe-a9t dB/ﬁeceée arffhmeketqaaielﬁeénsc‘eamrtmdmes like
ted t he d tinate

is exerte 'I(Pi%t Dg %rIJQITY?’Flg % E?gHEPgP% %dfﬁ ha%ﬁa gg %re%%qyed t he

di sturbance estination and con
di stur b@nc@uttd@fefib’der k:Mmatdteralsttalodmp\mM]e bifiel rth 194 iy e g & reshudrady on

si gnal refore, the disturbance id exerted fromthe outside acts
as 15 if tﬁf@ “&its t??ra@a% PRI g e eYo®yh a filter having the cut-off

frequency charactesitstiisG @het b shkostelraghd appd rhEitts 21 @het 8 fead
posi tioni n%g%&g]trol S stem Therefore, at a frequency |ower than the

angul ar ﬁEX‘?“&o St RNEBEFegr AufFh| bR r et i Uthefd stprbance
characteri g{ HGeC8® d phkBLtndde; i shurkance QHeei[a%talé)'f%?% ,PERUIg Jir] ot on

of the actuator 7, an elastic force of FPC connectl € actu
an el et r oAP&cei pEuthebbaka, lanex¢h*é¢¢1|<anf’fd"re:easrne>89rtt®@ dnstclmebaantcteatrpr 7

by a ShOCklgre%tghﬁE%@nbye¥%%t%QSQ%r%%%d@ %%t%%%&%gﬁlﬂﬁﬁﬁfaﬁg§ Jryn the

out side, and the
controlled in a manner to negated the disturbance t, exerted

from the outside with the disturbance estimation signal Tg.,.
Therefore, the disturbance t, exerted from the outside acts as

15 if the disturbance 1, 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

25 like.

That is, even when a vibration or a shock is applied to
the apparatus to cause the disturbance 1, 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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25 like. That is, even when a vibration-or a shock is applied to the
apparatus to cause the disturbance Td to be exerted on the actuator? JUN (286
di sturbance Td is estimated by the disturbance estimtion nmeans 12, and
controlled in a manner to negated the 30 disturbance 'td exerted fromthe
outside, so that there is an effect as if the disk storage apparatus is
provided with a nechanical vibration-proof nmechanism Figs. 6A to 6C are
time respon f.Qr i f e ining t di_st urbance inhibiting

ef f ect OP t%%pggﬁﬁﬁr ad%%%%§§§&%§$§§%fﬁ%g%£{i%ggﬁ%ﬁﬁg<a$§%e§¥b§5%£bance
appar at us i estheaftiicst meenbod?2 et hiendirok es et &4 é .agpakathls Showsear nayef orm
61 (shown b of, the di sturbance Td due to an inertia

he .broken |ine
force exertéﬂ‘%(?ﬁlfrﬁé‘l% act Jﬁ)ll)(% cg:tzfr}d"a wavef orm 62 of the disturbance

estimation signaFifgdesn eubput hedabyrbbm diStEREAACEy e8hé MBEHREN TEARS) 12
when a hal f-sine wave-shaped rotational shock with the maxi mum angul ar
accel er & i oREdEHS/ G SENIBGOTE Adi W RN | Nantera eiprre axerted doskthe

t : f4r gm 0 i i i j ut
st or age ‘appacais of IMatke OWaSicd ey e3Sivie mgwﬂa&%%ﬁg% tftﬁrg

the bearing 4 of the actuator 7 as 0. lgcn2, the nmaxi num

di st ur bance stgnbdcages oat puditiesivby ddweo diEdmmbanck et imeB00sy meeadsd 12

..... (20)  qu al f stimati,on freque fo .,

(coo0=2i f 0) thgnagglfﬁ%% ngq}éag’ g\ré éﬂggre%d"é Q?ﬁll%?%g Hith éﬁ'll(‘l}l!1 PhE makimum
angular acceleration do,/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 t, becomes as follows:

da,
dt ..... ( 2 O )
=500dyn-cm

Td max J

15

Here, selecting the values of an estimation frequency f,
(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 t,; exerted on the actuator 7 from the drive
signal u as the input of the drive means 10 and from the voltage
signal E, outputted by the voltage detection means 11, and

25 outputs the disturbance estimation signal 1, substantially
similar to the actual disturbance 1,, though a little time delay
exists.

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

the disturbance estimation signal T4, has been exerted on the
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paranmeters of the fornmulas 16 and 17 as 3 kHz and 1, respectively, 'aZSJUN 2006
setting the control band of the positioning control system 20 at 800 - a
simul ati on has been performed. The disturbance estinmation neans 12

estimates the disturbance torque Td exerted on the actuator 7 fromthe
drive ysignal u as the input of the drive neans 10 and fromthe voltage
signal Ed outputted by the voltage detection neans 11, and 25 outputs the

di sturbance estinmation signal Tdest substantially simlar to the actual

di st ur bancéctgatorolghn & IMarmex tihas Hekadlsexrbance Fayf ingR: ishowsi gnal

wavef orm 64 of I C n when _the di.sturbance esti.mation signal
Tdest has é‘@ého%%?%%agx %éeg&%thPaﬁl%ﬁ %dé“a%]é)& Iﬂ?i?B?el?Z 1 & t hat
t he di st ur Batcetstdomtdatni @i greans Toest neghpuat 4 ed uayt uata o duerbancs
estimation ypeans, 12 is inputted into the correction neans 15 to negate a
T uct uat i of 68 T8 TERe "ord PELT BANE & 1, | SHoRS 4 14 Al AP TR of a
vavef orfn 68f5tbé dhivelrdureranir Tenthdrathbedi & berith stardanice ©sdi Migren
signal tdest is not jnputted into the correction nmeans 15. The torque
constant Kieesf 1PhBOhct MRt oY it odhgy ROFERAL1SBr PBANAT bP matTivh toaeeded on

the disk lchastbeenkiesoreed a@pubher di sksiMsaqehsei/ahe condition having a
certain sanpling_ 10 perjiod, so that the head position signal is not a

continuous  si gnﬁ??v?ﬁé?%?%?ae§1?rhé858§ﬂ_??cﬂﬂ EBAtHAk Lihgrapeen greqarsied
position ceattRk @?@ﬁﬁji%iBﬁ%c&@ﬁkeﬁgﬂﬁﬁegog'Hé@?ﬁgQ%Qﬁﬁﬁ%ﬁﬂgsa 1ﬂﬂgﬁged
of tHhe

into a step-shaped one, As a result, the waveform™ rive current la
of thel@ct B8F4P7 WRekhehetlp sherdareel tsorstignal dre signal condéstudus not

inputted ighignhhe CPREECELPH, "BRESposition 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 ¢, 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 7., has been inputted into the
correction means 15 is produced by adding the disturbance
estimation signal 14, of the distﬁrbance estimation means 12
to the control signal c of the position control means 14 by the
correction means 15, so that the time delay thereof from a point
25 (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 Taest @8 been
30 exerted on the actuator 7 in a manner that the disturbance
estimation signal 7., 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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15 becones the sanme waveformas that of the position control ;igﬁﬂ.nm 2008
that the waveformis changed into a step-shaped one as shown in the
waveform 63 of Fig. 6B (la=gnt=g,nu) . The waveform 64 of the drive
current la of the actuator 7 when the 20 di sturbance estimation signal
tidest) has been inputted into the correction means 15 is produced by
addi ng the disturbance estimation signal idest of the disturbance
estimation means 12 to the control signal c of the position control neans
14 by the TESPLECPT chvRvEAOTIS05Rf (et PPRET L PHEe Hied mys idnerleof wienrhie p;)l nt
25 (t=0 [ l; ' erted.o h ' st e .apparat us
s Sl er thaa et Sof e Naver Sea B3 o 1B IOt 6B TR Bad o Ehe
wavef or m 682§ -epaggEdvenebenky. ret gyt i Gt s vk iwaeebot ri66n otlfhé rmgstkr aﬁk
osition e [ I e e.distur e i.matiaon,signal tidest has
Eeen 30 e%gg%ggéogggﬁgggg%ugfgg ;%Fnogt%gﬁ%érgﬁa§ °t e S i 5&nce
est i mat? onestgnak iphdeeansutdiitst egpby etihet ié Waritanoe eezbirmat inal ergans 12

is inputted.int [ i ans.15 to negate fluctuation due to
o) IPUL Sk gy GOLCERLLAR NEANS 1oL 0 NGRS 8 Lluetuation dug to
wavef or m 65o0th¢ hea it @GS ehenrtise ghialterbdinte tRe indicsburRangs estiigmti on
nmeans 12 i s Eoéﬁggﬁl i,ed. Even when a half-sine wave-shaped rotati onal

t

shock is eR8 efhe thfsRisEHEPagE cap pRARL G NOr 6 TERE bassbeen if the
di sturbancemprestumati on neans 12 is applied, the position error signal e
is n largely fluctuated as with the waveform 66, so that conpared to
t he form 65 hed EREUALst GhBaAéskestPaBRoAPRBAASUS20ES theot iappl i ed,

the di sturbapeginBhthiding-€f§ ecle has PRENI MR AYEL-c 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
controlstableagainsttheshockorvibrationcanbeiﬁplemented,
thereby improving the reliability of the disk storage
apparatus.

20 Figs. 7A and 7B are open loop frequenéy 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. BAs can be understood from the gain

25 characteristic view of Fig. 7A, a gain crossover frequency £,
with which the open loop gain becomes zero is 800Hz. In addition,
as can be understood from the phase characteristic view of Fig.
7B, with the gain crossover frequency f,, a phase margin 0, is
50degrees,thusconstitutingaastableheadpositioningcontrol

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
(RyntL,ys) is faithfully expressed to obtain the voltage drop
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10 As a result, the disk storage apparatus of the first enbodi nent
correctly detects the disturbance due to an inertia force exerted .on §)e 08
actuator 7 by a vibration or a shock exerted fromthe outside by the use

of the di sturbance estimation nmeans 12 to allow a track dislocation due to
t he dijpturbance to be 15 inhibited, whereby the head 2 is controlled at a
hi gh accuracy to be positioned to the target track. Therefore, the

tracking cantrol . stable against the shock or vibration can be inplenmented,
t her eby i mprof ﬁ@lfh‘ée%ﬁ"rag'b?? ity 334 Phecdilskndestayes dppaFenamate@d®F gs.

7A and 7B ab@deRel ng0eRe d LOHERGY {CAr ACte LB §r 1 Vd S 1SHOW @Qiﬁﬁet}he
transfer fromthe position error signal e to a head position x in the
bl ock diagF&ﬁW&ﬂatﬁ%r66§1YP%EP§@f%ﬁﬁﬁﬂoﬂdO§y%¢%wrdﬁa@ﬁeddtsktsoom&gem

appar at us thethir Len h .04 Fi e under st ood
ngn1the ganlEStgﬁa?ggﬁg?Pngg %Fea/gﬁgﬁng %%}tégasﬁﬁ%g$%§§%$é?:f?%ﬁuency
f'. wi?h WECRIiNE 69éA Pody §hien rosedies 2ér Ghies 2800k or 7 .addition, as
can be under st oofcLiam yhe, Ahase, SNATAG! SLLSLLL, (gl el B0y 7By LN the
gai n crossover frequency'fc, a pﬂése margin OmMmTsS 5%6?e%§5 T
constituti f§aa shebkeiReadspesianiceniRng dagﬁknkﬁﬁﬁﬁsyﬂkemo'Fhruﬁwﬁﬁgéhsmffh
foll ows. | lac 5. of .the _vo]tage detectjon nmeans surrQ

a single-dgfkg%g?ﬁ% Fi%érgﬁé%ﬁ i u?#é§92,sfﬂ%eb#@éﬁ 3§ @i CATEHEtHSFt age
drop (Ranelanshtisitatehéislty lexpsesseclor Dptai M ddreca0!AqR HORAB - 7

SN 2003 0L Rgk ot 8131 150 BaR Al 0b e adictanee Lan generated by
the voltage signaligkd of 4he ¥®!4A0%8la! AP F FRARS oyl Lriat JH18 AW Lout put
of a induced voltage Ea i nduced across
views showing the transfer from the position error signal e to
the head position x if only the voltage drop of the coil
resistancefgnisconsideredamongthosegeneratedknzconducting
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 meincluded 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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5 the drive coil 5 by the rotation of the actuator 7. Actually, ho ver
since the coil inductance Lan is |lower than the coil resistance Ran, N ﬁm§
difficult to accurately configure a circuit. Further, since Lans is a
derivative elenent, it tends to be particularly influenced by noise and 10
attentjon should be particularly taken to configure a circuit. Figs. 8A
and 8B are open | oop frequency characteristic views showi ng the transfer
fromthe p03|t|on error signal e to the head position x if only the

vol tage drdg%f 2-he coil resistance Ran is considered anong those
generated by con t d r a_to the ive 5 while
i'gnoring the voﬁ?%gg %%goggﬁgh%bﬁgf H E§Q£ énc% Tan T n %%e:% 55%@??

i ncl uded uRsitiad Leol £ dtfee dteufem(LgnsmEm‘rsldded int biee b lankk didags amiaftdde

positionin ont ol m shown in S ObVIO s fromthe galn

characterlgf%c@bieﬁéyfaging 56 °8R - anégFHSuBﬁZEE cﬂﬁFHé eflF $VRc CPRdw of

Fig. 8B |tomma1m@|khelndm@baﬁ©e b&ntak tbeldib¥esehkeSrl SarMdnpd Jor

sinplifica é ﬂ the bl ock 39 included in the voltage detection neans 11,
558 ep bl At

the head ?ﬁﬁq?ﬁ1%y§¥§hWPﬁ€PGS|%%t?%%lﬂw§Eﬁ¥ﬁhﬁéed0@§ﬂﬁﬁht|on

nmeans 12 becenesieunsiabbfpoRBat b8, tRE &&M e AR-tHl&s st ood fiyom g gain
characterlgtlc vkﬁwlof Fig. 8A, the gain crossover freglency fc wth which

the open | &8pS§a 5@05ﬁﬁbpf@ﬂ5lp§l@goCﬂftéﬁd shetsasahat adidt time is a
| ag phase ihtomrah@l degtsesir s lhal thaacoLrAlas sl AMDRGATE Jnsi abl e.
If

The vo{éage drop caused by the coil |nduct nce Lan in e drive
coi l s smal | eFighaf ﬁhQWScéu§éébettﬁ@néogwrategnstanseaﬁadlzHoWEmer

the ter”‘(b@@%%1bﬂ§hﬁd%@nﬁgoﬁhgxgkgﬁk Q%hu e%l&“uﬁﬁe VO't%Pe .

means 11 is an inportant elene to stabl iZze The p05|t| Shtrol
syst em sho®apPRri49r C and a resistor r connected in series is connected

to the drive coil 5 in parallel. In Fig. 9, a composite
impedance Z, if the circuit having 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+Lfs(r+E%—J
20 Z,= S/, L. (21)

Ra+r+Lfs+—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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06 Fig. 2. The positioning control systemshown in Fig. 2 becones

f the term (Lanes) included in the block 39 is omtted fary
reason. Al though the actual drive coil 5 5 contains the conp

bd

UOR 2008

nen

| resistance Ra and that of the coil inductance La, the voltage
means 11 does not include the conponent of the coil inductance

fore, to stabilize the positioning control system the coi

of the drive coil 5 may be nade equivalently zero. 10 Fig. 9
rcuit effd gurati'on t&E%Stabilize the positioning control system

circuit having a capacitor C and a resistor r connected in
connected to the drive coil 5 in parallel. In Fig. 9, a

i nped@heé ¥s, iff the wilumd pfhave mestibeozapacidt ohe @a@ﬁtlttfmr 15

nect.ed ta the drive coi
S e R Chp T T e PaREREEroR R r2RTor P fe SPEraRICEE R
shewooiih teei §pamudasf22hendrive mﬂectﬁ_\ﬂﬂ@/ Laenen@o@f@ioeittéﬂe
20 Zo 1 (21), Ra +r+Lo s+ Cs

ABRbERlce 2, ( adriled Sadiofs P 1P Rt G s cAmadngan 3

n

formul as 22eandtaBcer Rspecke¥nl yn th EBrfananJI MR thidl €88 L& rxRiegsed by
formul a 24. %5 r=Ra ..... RL. .....

10

15

20

25

30

oes not equlvg%ently include the c01l inductance L,.
Therefore, as shown in Fig. 9, by connecting the circuit having
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
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.

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 1if
the circuit having the resistor r and the capacitor C, expressed
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.
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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0 50 7 JUN 2006 Z a=Ra ..... (24) That is, if the values of the resistor r
and the capacitor C which constitute the circuit shown in Fig. 9 ar® Jyut2006
at those 5 shown in the fornulas 22 and 23, respectively, the conposite

i npedance Za generated across the drive coil 5 is equal to a resistance Ra
as seen in the formula 24, so that the drive coil 5 does not equivalently

i nclude the coil inductance La. Therefore, as shown in Fig. 9, by
connecting the circuit having 10 the resistor r and the capacitor C
connect ed PHO§E i4és 1ncdudissl 1ar the voltage de‘pac‘aibalmeamssmfi@esqaa)l

consi der oy thecovgl 189¢HLARLCALISAT (Y KOG, EOLE; 5! SEance fan, generat ed

by the conductance of drive curre
b?/ock 39 irel ddéd si fihehdovollagé d8teRy,) ohs msﬂ.ﬂedi raridnec Hd Qpﬂﬁarﬂéféjﬁ agram

f th o] [ trI hownln Fi 2, .and _toq use a block 49
ghownelﬁ Is::fgn%?ég?lngﬁgad%cﬁ %hn %‘ﬁ; gﬁanﬁcl%delcf I théWit-age det ecti on

neans 19 shown i HoReger2. ths aoaésmlets;stlahcleSRpwzsltﬁh@ d®ieondd gurs dhe

| t d t ns 1 nor e gs. 8A and 8B, waveforns
:/(I’)ldl 2gteedetl§§%d(l§fq{eél§%%l nes rllaSrg Bb‘éﬁgﬁﬁﬁbo?r%%u% Jys%%?%c‘f%]rlil%tqrt% 4t ch
show t he trasskeancher «rmlhl@eipoeh&hgadefcbDloﬁizﬁlﬂa&er@pé@aﬁ@x?e*'E?Péje gﬂ?&f #on X

i h bl 39 d by the block 49 shown in Fig. 10 an t he
I(:{rzzuiet hagfﬁﬁ Yﬁleg}lréggggcf %ﬁ&rtIH@dcéﬁaEb?oidrCVeeﬁwés%e‘@p Ity thve

formul as 22rand 23ilr®espatibredore C@O@ﬁcwtiwe”cé@i@éaé a 7ol chfdcr{é"'
par al | the drive coil 5 of the actuator 7 across t e coi

bl ock aggﬁﬂn"Sf CPht P& thenpRuaEent T dis systemldly eheadi s& =tombge 1
appar at us QElhEeRLLrﬁﬁe resistance value of the drive coil 5 is changed

by the temperature rise during the operation, with the resul£
that the formula 8 (R,=R,,) is not satisfied.
In Figs. 11A and 11B, waveforms indicated by solid lines

15 are open loop frequency(:haracteristics 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 Ihlasimulation,thecomponentofaicoilinductancelﬁnisomitted
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

25 the capacitor c 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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enbodi nent shown in Fig. 2. As can be understood fromFigs. 30 8A and 8B,
the open | oop frequency characteristics are alnost equal to those=-shalN 2006
Figs. 7A and 7B. In the above-nentioned expl anation, the stability of the
positioning control systemif the coil resistance Ran of the 51 - 7 JUN
2006 bl ock 49 included in the voltage detection neans 11 is equal to the
coil resistance Ra of the drive coil 5 of the actuator 7, i.e., the
formula 8 (Ra=Ran) is satisfied and the transfer function F(s) of the

filter means 16 Next, tEeSHOMR:fBcARUEVSS prlhe [oid FBE%?E@QE%@% f, 4 he

drive coil 5 of the actuator 7 has a flucCtuation of resistance val ue and

the resisbateeenathe distolvngete kelliowtAignt fePEs atURBAr 1586 Rft®ct s drive
current lais carried to the drive coil 5 to heat the drive coil 5.

Ther ef or e, M@@as 15 wid lcbiel dessirdtaaice Ra of the 10 drive coil 5 of the
actuator 7 is initially equal to a nomnal value Ran, the resistance val ue
of the drive coi In5the ghakgedorbget heresapasator Ehei $e réur empotHeent
operatign, ﬁith the result .that the formula 8 (Ra=Ran) is not satisfied.
In Figs® 1PR°YRd1P1B1%adef dfmbhiendisiiegapyesgisitdmatiosn signade tapen | oop

frequency [ eristics whigch show the transfer fromthe position error
signal e t%ﬂt% Q%Rﬁsgﬁﬁ%ﬁ% %?ﬁ”f&tarﬂe?e ESItMAEd P8t BRRBS R dfS Bp@ldidve

oot BB BSOE T anaby Sl (g e oT el sy ban 101

bl ock di agram ositFPoning ~caot ( _ g.
5'”U|at'OncoEB@CQQBHOHQQESOiSawﬁfdé'ﬂﬂgQﬁﬁﬁn%%sg%gah?FoglHh?%hé % Ahe block

39 included in the voltage detection nmeans 1 “frequenc
characteri ebi¢s5idf tihe eeihates $taneRRahit P dd UGl &1k khe

actuator 7 is larger than the nom nal val ue Ran ant
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 formuias 4 and
5, produces a filter signal f, and inputs the filter signal into
the correction means 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 Ty
outputted from the disturbance estimation means 12 are not
equivalently outputted to the correction means 15. That is the
25 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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by 5% is obtained while the circuit having the resistor r and 25 tpg UMy 2006
capacitor c¢ connected in series and determ ned by the formulas 22 ndUb 4
is connected in parallel to the drive coil (Fig. 9) That is, as can be
understood fromthe gain characteristic view of Fig. 11A, the gain
crossqver frequency fc with which the open | oop gain becones zero is 500
Hz. As 30 shown in Fig. 11B, phase at that tine is approximtely -180
degrees. Because of jnsufficient phase margin, the control systemis
unstable. 52 - 7I3UN-2D06 1P aestl 1B heagpgaiiecartiecafedbyvial ed tiiaeds | t er
means 16 VeaT, t ' %f [ QA . : rrection
nmeans 15 V\AQ?F be déggﬁjfb%%#ﬁl n %gggfagﬁﬁglggégga%ﬁ%%g%&g] %Qgttﬁfe %fesrt
enmbodi ment fremshpueositFien exrar stihoadi st e Bdvec beest poat konnsk gnaltHd dest

out putted ft isturbance esti.mation neans 12 is appli to the
pos!oti oni ngggglﬁ%ggpgseygfsgﬁmﬁglpp P9 Rlolygk O pu(%&lelde% iOB‘n% ans 15 whil e
the coid réspstabescRaeofinhdeidh imeansctll 15 o@:ftgdteelai:tdattm cgnrir&?adt(ltorﬁqual
to the nonjnal _valu a, ,10.1 osi tiopj ng.caontrol system becones

unst abl e. n}?gggFaﬁ Pi%zgge P&é’%??ﬁq‘dﬁﬂ% ghﬁtgfr tesry@?@l% ]téerfe?l?ﬁ &1

di sturbancé4, eshi e it gialgdandest cput pasiedoh {09 ddier h Stayyhane e s
estimation_ nmeans 12 expressed by the block 30 in Fig. 2 is outputted to

t he correc{:{lﬁﬁfmﬁ§of§98fa39?er%tf‘b%Rn4f7h? Rhesg§repredfnen e shewansn Fig .16 of
the bl ock 54. The filter means 16 conducts filter processing as expressed

by the transfer function Fgcs,) of the fornulas 4 and 5, produces a filter
si gnall®, and i npiits stRElptiver Srgmaenentaharacteristics if the filter

low-pass cut-off frequency f, is set at 400 Hz in the block 54
showing the filter means 16, and the coil resistance R, of the
drive coil 5 of the actuator 7 is higher than the nSmiﬂal value
R, by 5%. As can be understood from the gain characgeristic
15 view of Fig. 11A, the gain crossover frequency fc with which
the open loop gain becomes zero is 500 Hz. 1In addition, as can
be understood from the phase characteristic view of Fig. 11B,
with the gain crossover frequency fc, the phase margin 6, is
40 degrees, thus constituting a stable head positioning control
20 system.

That is, by inserting the filter means 16 between 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

25 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.

The disk storage apparatus of the first embodiment
explained above is configured such that the drive signal u

30 outputted from the block 47 is inputted as one of the input
signals for the disturbance estimation means 12. 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
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the correction neans 15. That is, the high frequency conponents 20 higher
in frequency than the filter |ow pass cut-off frequency fx are cut=dfJuhy0lb
the filter means 16. As a result, the high frequency conponents of the

di sturbance estimation signal 'tdest outputted fromthe disturbance
estimgtion means 12 are not equivalently outputted to the correction nmeans
15. That is the 25 significance of providing the filter nmeans 16 between
the disturbance estimation neans 12 and the correction neans 15. The

si gni fi canéé Wstepe @dséhiehdd ivensrienelly ubelsowses3 7 JUN 2006 In Figs. 11A
and 11B, waveforns indicated by dotted lines are open |oop frequency
characteristics which show the transfer fromthe position error signal e
to the headepesit Eolodimenthe disturbance estimation signal tidest

outputted fromt 5 dispur estimation neans 12 is outputted to the
correction rreanggi;S g? %%eab%:lcc?%ll{ %'}afgﬁ?{)“uaﬂo‘f’ﬁﬁgf%ﬁ’? &° AL Gt the
bl ock %4, aimagmet bt ddls kds borage efppae theswhii oni g osend £ ahp By stremgfsk t he

di sk [ he fi nmbodi h in Fig., 2. 10
Si mul at 1 on Py BI0eRRY XERTHEC Ll (0B CECPRC AECPALTENT PORSpAISc s O

frequency pXebenseinwdnth Hz Fiily .t D® il H¢K ook 4 SAGMERGHNS f L4 &5 HRans 16,
and the coil resistance Ra of the drive coil 5 of the actuator 7 iIs higher

than the nSRPAAPUYEFHED RAnabhesdh PASiEAANBEIURGBIESPE0EYELem tihe toai n
charact eri ahgfetBcvievk oft & dhe %aﬁa%sg?c%ggﬁél_fz@éc?é!&ﬁ dééﬂf%%q'}/t feputh
: |

whi ch he,open | oop gain becones zero iIs n a 1 on, as can be
under stbodifrephede SeMPRAacatsehfving Wiewage EugctloBs asittHoddidngai n

Crossover £REGUSIRY ehBoatHEnPRASCAIRL0LE Lo degy ees, _thus
constituting a stable hea BOS|t|%%?%gé§5ﬁ?%%%sa 3 £EHLEERee Wik rats,

respectively and will not be repeatedly explained.
The disk storage apparatus in the second embodiment of
Fig. 12 is different from that in the first embodiment of Fig.
15 1 in a signal inputted into the disturbance estimation means.
While the first embodiment of Fig. 1 has been configured such
that the voltage signal E, and the drive signal u produced by
the voltage detectionmeans 11 are inputted into the disturbance
estimation meaﬁs 12, in the second embodiment of Fig. 12, the
20 voltage signal Ey produced by the voltage detection means 11
and the position control signal c produced by the position
control means 14 are inputted into disturbance estimation means
17.
The disturbance estimation signal 7., produced by the
25 disturbance estimation means 17 of Fig. 12 is inputted into the
correctionmeans 15 through the filter means 16. The correction
means 15, into which the position control signal ¢ outputted
from the position control means 14, the disturbance estimation
signal 1., produced by the disturbance estimation means 17,
30 and the filter signal f passing through the filter means 16 are
inputted, implements a correction computing and then outputs
the drive signal u to the drive means 10.

The block 60 surrounded with a single-dot chain line in
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20 system That is, by inserting the filter neans 16 between the outpu
t he éisturbance estinétion neang 12 and the input of the correction Eeéﬂgsmm
15, it is possible to stabilize the positioning control systemeven if the
coil resistance Ra of 25 the drive coil 5 of the actuator 7 is not equal to
the nom nal value Ran due to the change of the resistance value by the

resi stance fluctuation or tenperature rise. The disk storage apparatus of

the first odipenpt expl ained above is configured such that the drive
signal u 36 %utputt édiesh Eha9BRBKE £hs diphpubaageassvhrabion meanmut
signals fon7herdpatUehaneeo asld BRLLARLARABS 42 nd LM GRSAL1 158, difie sane
effect can be attained even if the drive current a ou pﬁ}ped romthe
drive nmeandolfagist sutined Fuopredeced ook Bae -val tdde 2006 XA dmstezads afl t he

drive signal LS i Fig, 12 is.a block djiagram _
showi ng tghgscgm‘ei agﬁgtgitoﬁfé 5% %gg?%g Elggkp%?%fja%ré Ca‘ifbtaIP(g]t Iith is
one exadpl € pfrogdudiesk bystbeagesappanatastral tiheasechn e eyl @y ageor di ng
to the present i-qvention. Fig. 13 is a block diagram show ng the whole
configuration of "a head positioning control systemin the magnetic disk

st orage appar at ugni hhehebseeendnenboding@nstutbadfe i Sstahedh dhate HoMPoONent s

havi ng the sape function those jn the first enbodi nent are denoted by
t he sgma ré’?eﬁﬁ %%ﬁ%@?me%pabﬁmwwmq bagh Hep Feprated|as

expl ai ned. £Bhe odisskastoEage @B@@iﬁéas%%m&b@iﬁwg@iagf&qﬁiﬁ% & grfdh9 12

is different fromthat in the first enbodi nent © I'n a-signal
inputt%Qi i At & TORe adiconpelatoe 89t bvattihen cvedifd.cient g,/s of the first

integrator 43, and a signal obtained by multiplying a deviation
signal o by the coefficient g, of the second multiplier 44 are
added to each other at the adder 38. 2 signal obtained by the
addition and the drive torque estimation signal T.s¢ Produced
15 by multiplying a drive signal u by the coefficient Oun'Ken OFf the
first multiplier 41 are inputted into the 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 u obtained by adding the correction signal B to the
20 control signal ¢ 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
25 signal c is inputted before the correction signal B 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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VWiile the first enbodinment of Fig. 1 has been configured such that tge .
vol tage signal Ed and the drive signal u produced by the voltage dét épﬂdﬁw
means 11 are inputted into the disturbance estinmation neans 12, in the
second enbodi nent of Fig. 12, the 20 voltage signal Ed produced by the

vol tage detection neans 11 and the position control signal c produced by
the position control nmeans 14 are inputted into disturbance estinmation
means 17. The_disturbance estimation signal tide roduced b e 5

di st ur banc& eEF‘F %Fﬁﬁ ?’F@%%‘i“&ei“ gy, qu?q%%&[qpéag;%ﬁ%:tﬁﬁeggorFéﬁti on
means 15 tBrigwah yhesfiekpeesseanssl@ollb@sgorrection neans 15, into which
the position control signal c outputted fromthe position control neans
14, the disturbance estinmation signal idest produced by the disturbance
estimation neansyllhmgqtgggﬂhhg)fiIter signal f passing through the filter
means 16 are inputted, rnplements a correction conmputing and then outputs
the dri%e signal u=8e-Kag Uhritweitradd 10.° The(dhbck 60 surrounded with a
single-dot chain line in 55 - 7 JUN 2006 Fig. 13 is a bl ock diagram of the
di sturbance estimation neans 17. Inputted into the disturbance estimation
means 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 c

produced by the ﬁpsition control neans 14 expressed by the block 21. In
t he above- ment i of®d 1§ Brurdbiee e iaddaod bnefinBid2 2.ofthendrivessignal

enbodi ment ggeéygggggégkﬁquggq%gdgyéﬁggged as follows: A signal
obtained by nultiplying a deviation signal 10 a froma conparator 37 by the
coefficient g2/s of the first
u=c+pf
10 | (26)

=C+ ——7
dest
gmn 'Km

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

be expressed by the formula 27:

15 Y=gmn.. Kegrc-gyot oo e (27)

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 ¢ produced by the position control means
14 (block 21) is inputted into the multiplier 32, and the output
of themultiplier 32 is inputted into the multiplier 33. Hence,
multiplying the position control signal c by the coefficient

25 gy K., allows the drive torque estimation signal 7., to be
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integrator 43, and a signal obtained by nultiplying a deviation signal a
by the coefficient gl of the second multiplier 44 are added to each Jox He06
at the adder 38. A signal obtained by the addition and the drive torque
estimation signal zest produced 15 by nultiplying a drive signal u by the
coeffigient gnKt" of the first multiplier 41 are inputted into the
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 u oﬁﬁéﬁﬁédﬂby addlng the correction signal 13 to the 20 contro

signhal c¢ has bee nto the, di rbance estimation neans_12, so

thgt t he adder ?R% %f~ﬁgsdbegﬁ $%§$H CHEREVER L 1OReS 4R R Hirtbance

estimation i@eénsuwedflrttkrethsecondee‘abodlmmns i eont ¢ gesLhySURs BM}T'[ ?g

position cont el Lan S | utt.ed hefore t corre t|on si gha

i s added, 22 t(?lr %Jﬁlestalt1 dgflrl]%f fad s‘?‘rﬁ)“oswn‘L r?xﬁrgessfcrg)yn&t g e 4g

Conpar el t &hielre foper, atsml@fr]lme;lrm S'Etuﬂsbﬁrmre;cﬁﬁtrrlermtl Qhe MBS s]t?oﬂsfgé he
ration di sturbance estimati on neans 17 of

first enb t.,. th
the i ok SPBPRGE a5pararlE. SBCORCt MIOSHLERRAL caaHTHERt Confd g b aee
expl ai ned azbm;elewabtlhg of X diaed shereinahé afo ref &t rsll_rgglatloa 9% qurcand 13.

First, in E , expressing the input of the second integr ator 42
constituti RY ttlli‘@ Eﬁoétt@tgﬁa e&dtioratiesh smddn e e -Po'ﬁlﬂJNrQ@@OltBCQif t he

first errbo@u@watl @%:ﬂbdtméd'%'ﬂge 1%‘&%@8&‘8%0%%%:&%4 %’8‘:@ L%/t_ég

expressed as foll -tiest-
1 5) the dlsturbance estlmatlon signal 14, by the function of the

disturbance estimation means 17. The disturbance estimation
signal T, is 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

1s negated by the disturbance estimation signal Tqest Chus
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Whil e by noting the adder 46 of Fig. 2, the drive signal wuis expressed b
the formula 26: u=c+/3 10 1 (26) = C + Zdest grain ' Kt,1 Theref®faUN 2006
fromthe fornmulas 25 and 26, the signal y can be expressed by the formul a
27: 15 Y=gm' KteC-91.a ..... (27) Based on the formula 27, the block

di agram 30 of the disturbance estimation neans 12 of the first embodi nent
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 si &ﬁ&llmétﬁfdodu“é%rﬁﬁome fp?dsﬂ%hy &snfchel fh@%msequﬁl(nhﬂrd‘ck t2E) s

i nputted ighatlRe Mt ipld.ar-324 the il ller 32 is
| nputted |n%o theanult|P |eﬁ. &q ylng:%he pgil {n contro

signal ¢ b?lﬁﬁér@Q@ﬁﬁlﬁie@teZSrQﬁthhraugbws fi&tehlhayﬂmgqﬂﬁaemtemﬁ&lon
signal bestrkgulsic 7chalaéygfgggg ot ngﬁen§9 £h i? <%qﬁ%% reéYﬁ%ﬂEheans

di sturbance estinmafion signa est IS |npu
15 expr@ss@@sbylphenbl@@htr¢l slysaegh thentelteecﬁﬁaﬁﬁglﬁoex@eeaﬁgﬁ by the

appar atus SF CERESSBREAASENBoRT bRt R A BEHE T i tidhce CTESUEAS act | ng

on the arnuawbEOﬂhaheﬂweuh@maa&lg@éhugdc r § uq&dlszo$§§bYQHkﬁ9%hQQh%Pt'0“

ggﬁ?foﬁlnggﬁg %&s% égéggpgonE%O|flrs ord%rp&ggu%ggqggngyecﬁ%sg%kon
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
controlstableagainsttheshockorvibrationcanbejﬁplemented,
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
comparedwiththediskstorageapparatusofthefirstembodiment.
Therefore, compared with the first embodiment, the disk storage

20 apparatus of the second embodiment can estimate the disturbance
Tyacting on the arm 3 such as a pivot bearing friction, an elastic
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

25 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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10 the disturbance estimation signal 'Cdest by the function of th_(.a7 06
di sturbance estinmation neans 17. The di sturbance estimtion signal ‘ﬂﬂeg{]
is inputted into the correction means 15 so as to negate the disturbance
tid such as a pivot bearing friction, an elastic force, and an inerti.a
force exerted on the arm3. 15 Further, simlarly to the disk storage
apparatus of the first enbodiment, since the filter neans 16 is inserted
between the output of the disturbance estimation neans 17 and the input
of the cor Fectrorindns01shovr im Fags&irblie nak sifdlsidtierebyhehe pesigliiont ng

control sy I i esl n of. 20 t.he drive cail_5 of the
act uat or 7%?:?@%%%’1@2(18%' E?% %ﬁ%{:%%n’?‘%\%g @ﬁléﬁe Iézi‘nsz%usécotr@gt%eapa‘?aﬁ?d:eusdf t he
resi st anceTRakaéobg, ttee coasirstlarard blifuch e atiistm ra ntcenpet Ahat ohink@ans

Ther ef or e, i : ratu t he secand ., enbodj nent can
correctly ég[%cl?bgh@eeséﬁégggﬁﬁg% gh%ﬁ ogst%ﬁ POP HhPY I%RCP O E8L #1355 on t he
actuatdr 7 due tHoshouktyidcadidmapp thd diomdtereu shgerlyusher the

di st ur banc sti,mation, neans 7. This disk storage apparatus is configured
such that g\?gﬁndi ?m%ﬁglﬂ?ggm Béﬁcréu‘%e]éc?g O (HE T NG 1 U siich € pi vot
bearing frdtstanbanneekastimationcheahst he EBG pandeanckhert rRe38sborce due
to shock/ vi Brati on exerted fromthe outside, the disturbance estinafion

means 17 i §"EBntRBITVL 1+ SuiSteat é 5t prRodpd tirdadcBarFiagadsupk as an
diSFUrb?nCQngﬂogkﬂﬂdﬂiﬁﬁ@Hb%ﬂ@d@ﬂﬁgﬁgbfE%cW%%%éﬁ&@éah?ﬁag&@%ﬂﬁ?%@ﬁ?
estimatjon_signal idest thus 58 7 JUN 2006 | esti nmated. erefore,
sim |y FerEersivsen et dIafEmol sy tedi ssuehbndeediwi Exer tsed thieom t he
'?lﬁlteSICS'?- g??ﬁe%rﬁgugi}}% tQR%t&'épgyp%%/ Ebﬂph§i§é%§oecdestshg:g%gge a‘slrlfolrltteef\lrecﬂa‘vI ng
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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frequency characteristic of the fornula 19 and Fig. 5 on the 5 positioning
control system Hence, according to the disk storage apparatus of={hdUN 2006
second enbodi nent, 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 dislocation due to the 10
di sturbance, whereby the head 2 is controlled at a high accuracy to be
positioned to the target track. Therefore, the tracking control stable
agai nst t hECsfdeR et honsr &fi shecathps Cmﬂp@ﬁentédarettﬁee efame regy GiaEe t he

reliabi | ity Of rihe s disek 3 8eage,0BALALUS, r18AS CaNbE Sean aceardi ng o

t he di sk storage apparatus he secon nunoet ders
required t@ha@oﬁ§mppmeat15herdn®nmlbamaevws; itimgt semenfanst 1dnsans thagseduced

d h f th f nbodi ne
Therof or e, “Cokpat B it £ i p§ SERE GO e AR SToT AgR g Lo

appar atis ok spleetserdyd agrbodilie mo tc are esat;jelmte@ltW@x(ﬂﬂ%thel&amﬁé&eﬁﬂ acting
on the arm 3 sucp %a |vot baring {lctlon, an elastic force and an
ex it

inertia force actiAg’oh tHE Hend Positt FBRIAG L oMt Copstem s¥stae of

di st ur bancehebylisikmelte reerf iagpaataten, insttakl ¥ hGeRt alodadR0siitlilonNg, and
position t ead the 5 target track formed at narrow track pitches

with high §5€EF&@)¢ e, according to the disk storage apparatus
of the second eﬂ‘ﬁoldi@@ntl, AtQﬁdmtaﬁ)ewaefefb%saﬂ%{éa&@é‘bﬁ%fgﬂé‘ﬁ dpnesSO

t hat n the positioning control systemis enbodied a har war e such
as an dnhal 8§ScIRYLOCR hEe GdPRISY Bir a6t sici 136 ¢hicluishovabhdé rsingfex i ed.

Further . wWasen! BecRoskLE 00 k0N 1SYSL DS renbogL e wEh, & seftvere,

t he conputlng time conputi-ng process can be g t8he
di st ur banceocast rﬁaiﬁbﬁnqeaRgsontlm@rﬁmgAH edidi Mdardhe actuator 7 is not

equal to the nominal value R, in the block diagram of the
positioning control system shown in Fig. 15. 1In 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 Ralof 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. 164, 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
is 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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59 - 7 JUN 2006 to the block 30 shown in Fig.2, is not affected by the
sanpling frequency of the sector servo of the disk storage apparatusJuN 2006
Therefore, the control band of the disturbance estimation means 12 can be
set higher than that of the positioning control system 5 Mreover,
according to the disk storage apparatus of the second enbodinent, the
nunber of the adders constituting the disturbance estimtion neans 17 can
be reduced. Thergfare, ., when the contr ystemis enbodied with a hardware
such as an anaJ%@gHgégaﬂg,pt%% adjustg%%? of such circuit can be
simplified. 10 Further, when the control systemis enbodied with a
software, the c uting tjnme _delay by conputin rocess .can be shortened,
her eny faki ng | 0RbstFo1 EhEaodbt YrelafAtPs) Ko thegR AGR L Gy,
accordi ng tige tdwer WhSkr St drsngetapgasdts e nbhgnseceaduenkodinento the
inserting the filter neans 16 between_ 15 the output of the disturbance
esti maP onchaRage 25 hHRA FRELSHPOCCSoVatHE E8MEEEL PN thEakSSLStaNCy o

possi bl e t Ll 114 .QR% NG cont t ihf wt i

Fosi stance Ko ore HRe O vatoor ¢ EERe o FEr IR SRAYLIE SR B 0 e e
nonm nal vedleaRadehection heashdnlgdsdqualet pddissoubpet ol thedditel @0

resi stance i .Or ratur i ¥ i t. Hg. s a
bl ock di ag?%‘%’#g%t)é\?é ﬁggﬁ ﬁ‘g 1](izlgn ?lé%rca Qﬁ\ééig%ge}llnlarg%g?%g&q?%ssﬁ%gadg%ﬂ’é

appar at us abi rhsilsy otiee exatpt tonfofh thekact2batsdorage apfparatlitager ddwp t hird
enbodi_nent according to the present invention. Fig. 15 is a block diagram
show t h&Rawet e Le SRR RS O BFetﬁ%n%BgF%?%rﬂﬁgthr?oﬁitrrl(ﬂe SYEEEMLof 2t he
magneti c ghe& sheragevappakratss in the third enbodinment. In the third

enbodi ment, the filter_ means 16 and the bl ock 54 having the = |
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
25 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)= En M (29)
1+ Em _Jn(‘Ra—Ran)_ )
Emn Lbn 'Kvn 'Kth Sz +2;O @ 'S+Cl)02

-S'
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30 transfer function F(s) in the first enbodi nent are not provided.

Di sturbance estimation nmeans 12A and correction neans 15A partially differ
fromthe disturbance estimation neans 12 and cosrrection nmeans ~15 JUN 200&
first enbodinment. The 60 - 7 JUN 2006 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 having the sanme functions as

those shown in the first enpod] are denoted by the sane nunergls, 5
respectively andlt‘?mql? ,fﬂrrﬂgi)q ?p(g:t 5980 IRECHERCY Kex =04/t
operation Dd ddte ke itd 0 tigy FargHet tSh)é&i emaeoiaoshlﬂeodl gknstelagenappar at us
inthe third nbod nent ex Ia|ned hereinafter.  In Figs. 16A and

Wi
16B, wavef%f %HP%%%M%@# blbshedo A% BHF&sUidop Hiredoamyla
characterlgg|@§nm@écgl§ggmfggg tbamggﬁﬁlafgqn1the position error signal e
to the head position x 1f the coil resistance Ra of the drive coil 5 of
the acBuator 7 is not equal to the nom nal value Ran, in the bl ock diagram
of the positioning contfol systemshown in Fig. 15. In a sinmulation, 15
frequency characLeLLsL%és—LL—Lhe1conponen(3@f the coil inductance Lan is
omtted in the bkotﬂiggwbnﬁ+mged in the voltage detection nmeans 11 and if
the coil resistance Ra of the drive coil 5 of the actuator 7 is |arger
than the nom nal value Ran by 5% is obtained. That is, as can be
understood fromthe gain 20 characteristic vi ew i ndi cat ed by a broken Iine
in Fig. 16A, theG, @&#?%Hfﬁﬁiv‘ “=.ency fc-y81h which the open | oop gain
becones zero is 300 Hz, &md, 4 asegi s al nost equal to -210 degrees.

Because of |ack of phasegpprigj K, tKg positioning control system is
unst abl e.

10 In the formula 31, at R,=R,,, G,(s)=g,; however, at R,#R,,,
the gain G,(s) decreases.
Here, if g, is substituted as shown in the following

formula 32, the formula 31 is transformed to formula 33.

15 gmn=ko gm ----- (32)
= En ...,
O =T TR R (33)
1+ —. .s
k bn * vn'Kr"n

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

20 anumber sufficiently greater than 1l (k» 1), the term including
(R,-R,,) in the denominator of the formula 33 can be regarded

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

34 by approximation.
25 Gm(s)=gm ..... (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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25 Next, explanation will be given to a case where the gain crossover 2006
frequency with which the open | oop gain becones zero is greatly decrgaggh
fromthat shown in Fig. 7 (Ra=Ran) if the <coil resistance Ra of the drive
coil 5 of the actuator 7 is higher than the nom nal value Ran by 5% 30 If

t he cqil resistance Ra of the drive coil 5 of the actuator 7 is not equal

to the nom nal value Ran, the voltage signal Ed is expressed by the
following formula 28: 61 Ed=Ea+ (Ra-Ran) . la ..... (28) That is, the coi

resi st ance’ Rbs oot heddalveocbheé Bowminal healee uBi,odug te hbe eqaabetofthe

nomi nal vale Fag. duenLo theu.Soghanger-ols Lhe Leskslapce, val ug, caused by

t he resistance ctuatfion or te erature rrse Ed of
t he volt agenperattrenripanstiid ¢smpmﬁmﬂettraﬁmfemnﬁunctﬁoﬁhg a0ldift-bmn

result of nduced volta nduced .across th rive coil 5 by
the rot atlgﬁgoé]@?%pl%%t uactr°17 Stlgn e v%? g?; dgrlc‘)’ﬁ TYrERR: Rg F9e5 §efierat ed
by theEbondMamgennuithhefdrmméac&@h&nthaysl@éaabhesﬂﬁdwg;s@wﬂid@ tEbgf )
17A and 17B are. bl oc X n t he gain changes if the
coi | reS|s?%%€§ 1RACD gg&%ﬁv@CgBFE g%g% t#hﬁéhﬁ%ﬁﬁ?ﬁy"ﬁQQ§tﬁ6% eqli8l to

t he n0n1naélg@iﬂﬁcﬁﬁﬁedﬂﬁthastonﬁﬁlghﬂﬂﬁ%an1Ehﬁoé§$kﬁ¢@HE@uM@'NeaﬁéUSEd
by the resistance fluctuation or tenperature rise. Fig. 17Ais a bl ock

di agr am obRar neth 5 Edahgi FEER He Bihsckoidi A§FARTBRCE B CHBDAIGS| dugotPng t he
second terpnofrddesf Maaila yA8athidh o%7§ef&§e9aph98k1&gé@grt%£§ %g)lé'nvg%aggt ly

transforned from 20 the bl ock di agram of
di agr &% o®r e mEdthy ramidgioning pantrof smt@n d@IGSdma’gmaOﬂchgangé based

on the bl %;;lfkijh&g__rtaﬂbgglgig tolzgab;rbfﬁ‘&e the f)g B@loﬁlggtco% urac‘Jll 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
25 indicated by the solid line in Fig. 16B, with the gain crossover
frequency f., the phase margin 6, is 50 degrees, thus
constituting a stable head positioning control system.
That is, setting the coefficient g,, cf the block 32 in
the block 30A of the disturbance estimation means 12A and the
30 cpefficient Om ©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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to Ran, this is equivalent to the addition of the negative feedbach hpopoos
of the blocks 54, 52 and 45 to the block 22 (the 25 transfer function is
gm in the block diagramof Fig. 15. In the block diagramof Fig. 17C the
conposite transfer frequency Gr(s) fromthe position control signal c to
the dryve current la is expressed by the following formula 29. 30 G (S) _
gm ©.(29) 2 gmill(R" -Ran) COO 2 2 gm Lan ' -Kvn ' K,, s + 2Cc OO S

-F CDO 62 -7JUN2006 In the formula 29, the estimation frequency fo
(=coo/ 2n) rpsiseensefRi @lfehhlt%ydmgdaecrOiha:rf tthe posiutiom Tand rodt keandhIf c,

S0t Ot Re koS LR o 3R gl e - Bl e

(s) = 9M gmerluéRRy- tRenyesistglte fiuStugMﬁohbﬁr Kempeltamuk@ ki sthe formula

31, at Ra=Ra,,, Eﬁ1gggqggﬂﬁ¥§6Acg the ggsturbagceggéglm f%nq§§£§§§E§

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

the drive signal u is inputted has a coefficient Ounr Meaning

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

Om 1S expressed by approximation (Jun=K*gn,) 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). In 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 dn. 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 74, is inputted from the first integrator
43, is (1/gyK.) 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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Here, if gm is substituted as showmn in the following fornmula 32, the
formula 31 is transfornmed to fornula 33. 15 gm-k * gm..... (32) &790uNM2008)
=1+ 1. Jn(Ra -Ran) .s k Lbn Kvn Kn ..... (33) 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 fornula 33 can
be regarded as 0. Even if Ra 0 Ran, the fornmula 33 can be expressed by
formula 34_by agproxi mation. 25 G (s)=gm..... (34) As stated above,
accordi ng £6°FRetPhitrd enbodi nent, even if the coil resistance Ra of the
drive coil 5 of the actuator 63 7 is not equal to the nom nal val ue Ran due
to the change of the resistance value by the resistance fluctuation or

t enper at ure ri sek,#rrek,conposi t 3Ty ansfer function Gi(s) from the position
control signal c to the drive current la does not 5 change and the formul a
34 is always established by setting the coefficient k of the actual nunber

suf ficifently gre@hercoldwetsivgive edneiee ofl idiahdeoeBEkaitsehial rdy dees not
r.esi st anc changes due

i nclude R , f , . Lf the coil, . Ra
to the re2PBfsRESIrpidttSt HeboshiPinbe Ui rEorC S e RoRe T oo g g n
of the posappanadgsCOMtmel r 5yS1 B d0RSaN0bwaHBAld Yo £ABNISt RE NS it

i to stabilize the si.tioning control system
possibl e a range oE O.thop(i.& prefgrably 0.8 ’é/o 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 1 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
embodiment. 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 1, from the
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In Figs. 16A and 16B, waveforns indicated by solid |lines are open Io%p 2006
frequency characteristics which show the transfer fromthe position erBibr
signal e to the head position x if the 15 coefficient k of the formula 32
is 50 in the block diagramof the positioning control system shown in Fig.
15. Iq a simulation, simlarly to the cases indicated by broken |ines
(k=1) 'in Figs. 16A and 16B, frequency characteristics are obtained if the
coil resistance Ra of the drive coil 5 of the 20 actuator 7 is higher than
t he nomi naflighnpearan 45t 8%t en meansbk2 gqodens oot efatdmont heagailb. In

characteri o e d d- i in n_Fi 16A, the gain
crossover ?%%qu¥%c$% g %F?hﬁ ME REPESB§p8% %ooghSaFlr%Ec8ﬁ£§ 5598g|s 800
Hz. In addhelbbpliagtian ryganmder sdmodeh Hoodny 2 e mhaserelat adies issiohidvi ew

25 i ndi Cat?QrP%!#PS Sﬁuigl}?g%ﬁa(‘é%olﬁ;%%%gs&?w th the gain crossover

frequency RaSé™ na ées, thus constituting a

st abl e head posi Ifomheﬂgth:nm revhb sy e TRhate s ket Har@d ke eaefsf.i aigent
gm of the d%& SC t he bl ock 30A of .the di sturbance estimati on neans
2 co

12A and th i |d81 ér‘ﬁtrb@r?r‘feoPSFﬁ@a&éHBnﬁ“ﬁaPBr ot HhEWGR LS §P t he
correcti ongeRanstd heé BOWR urbabicd ¢ 461h9t Ponks tder%LS'cd( K fforgr(}itbkﬂ{ g%%%

transfer function mof the block 22, it is possible*to
posi tionin E‘Bﬁ’??@ BPLEAPSVERT) Fhe W ivsi pigral WbYUN QOGGZT}'GEEX;’PéfCaﬁ@e Ra

of the driyege®llg0f the astpateiod ﬁléaﬁé’tlﬁuﬁ.aoj cothLb]ﬂEfe'EprE'oni@L)m)éalrl‘ée Ran

due tq the change ©f the resistance val ue the resi’stance fluctuation or
t enperlé: ur’éheFlE‘éSl’FhOItlh@Obt@@ﬂ( sbanal @h’&ldhsthebamgeaésobtrau.ned bgans 12A

Sianal o 1Bty Ba8nEad o duer PRanth: comnehEanr pysnal il By g e Ve
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 a block 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
Eq 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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that the block 32 nultiplies the drive signal u by gm. This g,, i 005
expressed by approximation (gm=k-g,,) in the fornula 32. Here, the bHB@%
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) . In this case,
simlarly to the formula 6 in the first enbodinent, the follow ng formul a
35 can be set: gm~gm15 ..... (35) If changing Fig. 15 by changi ng the

block 32 to a block having the coefficient gm equal to the coefficient gm
and the bFekdTatesbanee vkt Heat Hen teanpelf 4. | dhencohdvngasicoef of

icient kjg¢nd Q%Q&l‘bggﬂgéﬁghé@ §98mhé”s§ﬂﬁg %égthé bt ai pRd. 108420

coeff|C|ent of the Into I ch Psturbance —estimation si gna

' Cde~l is empodiment sorowrhen Fiigst. lﬁaegrlaft.or I1t48s nogef tﬁgime&m;))mands

i ncl udes eref [ bl ock 72 having a coefficient
(1/k2) |sgarra£gé 8 glnﬁq?ﬁagaFﬁr%%n??ﬁ%ﬁﬁgf; %%eéﬂgm?hén IE%%higd Her e,
the relfti em}shdpméﬁt b@:tewemhdted)byt hﬁebelsamé( nlﬁnearrhdLEKZ r@‘sp’remlbzleqqk ahd i s
basical ly as shown_in_the % I#omﬁn na s 36, klI= . . . . . (36) 30
Practical | §7 holRbvePe FrRRSRoRdiYi B% ?l?ﬁ SFfula 36 is not always
essential but K, Tieadr&Pa iEynHei @R onddmtthd AieACh t ohRr apbhhat ugeblrai n
degree of EB% nce. That |s, ks can be expressed by fornu a 37 wherein an

al | owance PR¥ et eaod Ements showny N gy dlbsed shat RE fpe thRprd .
(37) 5 Theef98a1RERL VahYEnOint hegal | 9WBREE-688hELCEENt hedr BRY thBnship

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. 1In 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. In the
fourth embodiment shown in Fig. 20, the voltage signal E,
produced by the voltage detection means 11 and the position
control signal c 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. 1In 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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appropriately set according to the specification of the actual apparatus.
Empirically, the allowance coefficient 'q may be in a range of 0.7% pqQu- %ms
preferably 0.8 to 1.2, nore preferably 0.9 to 1.1. These can be expresse
as shown in fornmulas 38, 10 39 and 40, respectively. 15 0. 7kl<_
k21.3k1..... (38) 0.8kl<_ k21.2K1..... (39) 0.9k1 < k2 51.1k1..... (40) It
is ideal that the coefficient r) is 1.0. If changing Fig. 14 to correspond
to Fig. 19, the block 20 diagram becones that shown in Fig. 18. That is,
the di st urbantetaree|watioiyrehasra2is binche ivitub ebodimeanpesathee
combi nati op; ;of the disturbance estination nmeans 12 of the first enbodi ment
and the first correction nultiplication neans 18 of the third enbodi nent.
I n addition, theRtd rmestulon meaosdib®d b the disk ¢ t2b aaypb agipematt uiss offhe

conbi nati o f- the.c tlon ans 15 . of .the first enbadi nd the
second cor?%%ﬁ?%ﬁgﬁh ng i Ca |bn KeSAEturgagfee %%C?ﬁ¥?ﬁnéﬁﬁﬁ"lﬁb%PFF?he
first dorractiog omaﬁﬁérﬂctuﬁt@m'hnﬁnsttBsh@wkMglbhattb&néke&tédn@kbmn of

klis inserted for transferring the driv ,si nal u from 30
t he correc??%n Ht § 1§aPog?hEOBFEFﬁiﬁaﬂ%EGEEggnEYiB% ngé ghancgnd t he

second cor&geihpi sl héphi cata on FRANS 19 nbavk 8gutRenckr Angkes Bungtion of
k2 is |nserted into_the path for transferring the di sturbance estimation

signal Td,2¢t¥RbrFt he %%PW %ﬁﬁ@%ﬁﬂﬁiQﬁ%ﬁ%HQxﬁ¥%§ﬁéﬂﬂ mahi eAafEafsferceo t he
correcti onofRANSFEe, AMd dd InedPiatfterdd %E 1?(% s%%rcrke/%ﬁ%rl%ﬁ: 5)91 Lhe fLpst

correction nultlpllcatlon means 18, and bl ock 72 corresponds to the second
10 from the outside, the disturbance estimation means 17A is

controlled to estimate this disturbance 1, and the disturbance
T4 €xXerted from the outside is negated by the disturbance
estimation signal 14, thus estimated. Therefore, similarly to
the third embodiment, the disturbance 1, 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

Tsacting on the arm 3 such as a pivot bearing friction, anelastic
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correction multiplication neans 19. 5 If the third enbodi nent is described
based on Figs. 18 and 19, the disturbance estimation nmeans 12A is~ 7 JUN 2006
configured to generate the disturbance estimation signal tidest fromthe
signal obtained by nultiplying the drive signal u by ki and the voltage
signal' Ed. The correction nmeans 15A is configured to conbine 10 the
position control signal ¢ with the signal obtained by nultiplying the

di sturbance estinmation signal 'zdest by 1/k2. The di sk storage apparatus
in the thifdreeabadfnent ihercdaf Eguredastiéhat hat thhehdrdvposignaning

out putted e TA LS 4l intp o t in i,gnal s for
t he distur%éﬁgggmlggéggﬁnaéiﬁﬂéng%%gﬁ%%ﬁgcﬁéegyeggmggesgépfﬁﬁggggégﬂﬁffect
can be attataetlyevertidl hleaeddposettonieg} dral posputibedtlie drmdadce ds ithe

nmeans 10 outputted fromthe block 22 instead .of .the drive signal u.is
leod. 20 POUrERC il Mentof 3t BesTry BEnF ba Erinn At Brovha e 2y -

confi gur at Fontbérmarepgaetbeddhgktst ehageiappartatugewabph rias uene fexarpl e of
a disk stora apparatus in the fourth odi nent accordin o the

present i ng%Htgané_)r&r‘-‘?ﬁl_m%ti &he BP@g’Erd?ggghem%ﬁsnﬁaph%evﬁﬁﬁ‘éc SO

confi gur at teat okhthetpespbkOniBEi6gNEHAL r5YSEOR R the cABgagkC widihSk

storage apparatus in the fourth enbodinent. In the fourth enbodinent, the
filter nealdr9B25RdSEAR BFoBR B3B2RaGi RGTERET  t EBRSPED UBGRENTORTFESFH n t he

second enbedi-aent ars Bet sPhYhdedq. |ApHtSetO &M@ndiﬁéuls@@ﬂg@oﬁ%?ﬁati on
means 17A of the fourth 30 enbodi nent differ fromthose of the disfurbance

esti mtd onconband ApAten ishembpiigdenboiarsattviiar the admpwoinagdmsi gnal
B i o e BY 0L 0T TERgs LTt e gho gy control st anal
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
analogcircuit, the adjustment of such circuit canbe simplified.
Fufther, 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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- 7 JUN 2006 the disturbance estinmation neans 17A. The conflguratlonz of 2006
t he ot her conponents are the sane as those in the third enbodi nent

in Figs. 14 and 15. It is noted that conmponents or nenbers having the sane
functions as those shown in the third 5 enbodi nrent are denoted by the sane
nuneral s, respectively and w Il not be repeatedly explained herein. The

rel ati onship between the di sk storage apparatus, of the fourth enbodi nent
shown in Fig. 20 and that of the third enbodinment shown in Fig. 14

corr espondsorvecheonghat t bpshept 10n beeawenl 3 ef dihsk fsuothgembppamatas of

t he secondngbggkgEbgor§gg%?ﬁén?ﬁﬁgépigcgggo&hggagf ﬁ ey flrst gg?odinent

shown in Fig wever nmeans 16 'S ho prOV|H%d n the
third enbbdaneﬁersﬁowntman@ kildis thresandldchgientss guisd decklpriogdticed by t he

vol t age de neans 1 and the drive_s al_.u are 15 i.nputted into the
dlsturbanc%g%é ) %% n@ TH%A ST he? #égﬂwﬁ?eeﬁ85ﬁﬁﬁ§ﬁ9%sWSﬁﬁsiE%Flg
20, theé votbaghesdgsahrﬁdncér edumgtbygtﬂgeanﬁl Ltageadet gt Qacmlaans 11 izd
the position control roduced hy the position contraol neans

are input tREFFHELOR AR %dgéﬁdﬁﬁﬁﬁé€‘%§??ﬁét|%%Vh%%ﬁ§eﬁﬁ@n%ﬁ?qﬁéﬁéFéPé in
the fourt ho@"%% MBRkrtliel A 06 MHeas, 28 fn t§5n§f@r§§ﬁé‘l¥ﬂe§B?gtuéﬁﬁﬁﬁg' ngly,

if the block 30A of the disturbance estinmation neans 12A of the th
enmbodi ment e8hoMAtipn EH@gnahSdegsftm@@ddlstubéaoneseMtiom e rid @dk 60A

of the di @gttrh@aagﬁr@éﬁwﬁwe%s@@ns th/f ghown ﬁ}??_'g'lgck%ll cﬁtﬁkégg

corresponds to Fig. in the second enbodi ment wever
cor r esi$bndriagthe ﬁlrrestr iotrgre ctg s madt 1pi dvrdédn mEans hied, and bdl@fokgﬂﬂl ng

b et P B TR T O M .60,

If the fourth embodiment is described based on Figs.
and 23, the disturbance estimation means 17A is configured to
generate the disturbance estimation signal 7., from the signal

15 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 ¢ with the signal
obtained by multiplying the disturbance estimation signal T,
by 1/k,.

20 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

25 high frequency components of the disturbance estimation signal
Teest 15 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

30 configured by digital filters. Further, the respective
components constituting the positioning control system in each
embodiment may be embodied in a software by a microcomputer.

While the disk storage apparatuses of the first to fourth
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30 coefficient k of the actual nunber sufficiently greater, it is possible
to stabilize the positioning control systemeven if the coil resj st gw:%oga
of the drive coil 5 of the actuator 7 is not equal to the nom nal

Ra” due to the change of the 68 - 7 JUN 2006 resistance value by the

resi sttance fluctuation or tenperature rise. As a result, according to the
di sk storage apparatus of the fourth enbodi nent, the disturbance such as
an inertia force 5 acting on the actuator 7 due to shock/vibration exerted
from the Yueidecehn fb@V%d@er%rctd}schbeltreﬂi et Inhet e gdiesticr Idaeckesteshﬁafatl on
means 17A. e e, cts on the c t ch as :
pi vot bean% ?Jlﬁ%%%%n tq‘ae?]bg as?‘% l?\ég%gm%fl? ﬁléDtFl]-”if“lfiﬁg Zlr‘?@?‘r’t Pa% or ce
due to shoeii ichrgpildmdexer ted dthdr am Adenaitcsi decotrhbe ndi sbpébéﬁﬁées

17A tr dto estimate this disturbance -Td_and
teflteI (rzlr?tslt Sp%ancgss N Ixtzlr aclog an‘?f%%a%%taz}lpd‘galtélSn%ﬁ‘itaeﬂa%e{:ﬂéOHF%Féllbance

est i mabi ordmlgrmitoﬂa@stapbuﬁaﬁﬁsl mated. Therefore, simlarly to the third
enbodi nent, the }gi ur bance Td exerteg,fromthe 15 outside acts as if the
di sturbance Td i PEdS? rBugRCEOF PEREILO ARG RS K S w@IoprPPREREUENCY

char act er i st lmqe)fprtd&%ﬁtoﬁwle@tlgn,aﬂg géﬂlmét@r‘cﬁef‘%lllé%rtﬂa%e'"%u%%”%o'
system Hence, accordl ng _to the disk storage apparatus of the fourth

embodi mentd R bgarigguEregtioneran kdrstie Aageraer fareduentyia( Borcet s
possi bl e 20cdocddphdDi tnd hec di st & &ﬁ’s by, be Iéxt.&#bgﬁ Sreég%LE?SHe”Cy

cut-off characteristic, and to inhi trac dirsT'ocaiion o0th
di st urlgancﬁelgf?fﬂfﬂerlébyrt?ﬁécﬁéd@y ané?mmq ohkedf atheadhigh siapral acyl thebe

ggz: ﬁl's?nf%c;é)lhtt hﬁd E%Gl\g);ﬁ%)rl;%?gﬁa%awhle% vinagetsrPé:r%(zzllan.n%%rc]:terdo!acgggtsjl ©
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
25 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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25 inplenmented, thereby inproving the reliability of the disk storage
apparatus. As can be seen, according to the disk storage apparatus 7ofUN B85
fourth enbodi nent, the nunber of adders required to constitute the

di stugbance estimation neans 17A can be reduced 30 conpared with the disk
storage apparatus of the third enbodinent. Therefore, conpared with the
third enbodi nent, the disk storage apparatus of the fourth enbodi nent can
estimate the disturbance Td acting on the arm 3 such as a pivot bearing
friction, V& &t %69 ther @ tadodnmieassst i hotcegaeli hg thethembead

osi tioni R 1lueOatEQs € j hy siqpl.e confjguration,
S ) head opozﬂcﬁfogrﬁg%)ggr? %%%li%)?%ﬁg?ﬁeﬁ eeakgyﬁ or RS tRAFGet

stably co%{r&lol
track for Fatdrarow i e gpiatates mige hi gh accuracy. 5 Furthernore,

according to thegdicskest 0 ; t f.the .fourth enbodi nent, the
number _of the adders can {ls)l(i,hg(rae'l uced, HSL% 8?5%&“%% R HESi $9¥h Pgrednt r ol

systen?i s tOnBERIT &de fihehd bs t habanae essuoh tdenani gnal 08 seldr siliche 4 ¢na1

adj ust mentyef; N1, Ci Iy n be sinplified. Further, when the
posi ti oni ngqfé%%gngolyghh(si;sl é%ﬁing g%o adeur t ANAL sof thes bt iemecewimpet i ng

time del &-9byplcbapbt iangl mhecess tege b@gﬁﬁ@ﬂtgﬁédthec‘ié@f%#%'iér? ngé‘%né hird
embodi ment o Lhe disturbance estimation nmeans 17A is not affected Dby the
sanpl i ng frequency §F e Procdige S&ey sirdret Isd amiadk bst GYoadpe. reipArtatals.

Ther ef or egigbaflhebcanheal neh1efi sk i r i mation ans 17A can
be sef, hi gher ﬁlhgn igﬁt o,fb@flhe pgg tquél%: %g]%c?%%%or%s%?s%grﬁsoc rT?C«E-locms‘r,
accordi ng°t 8" fhe di sk*st'bridye g rasittiicorofeartter Flowritdnanbiddi sent , ki be

nunber of 1) he mgdes scepnsghtphynosth j n estimation ans 17A can
be reduced. Therefore, 2 whe% t he g‘(g)n J?%%Héggtg% ?Eaéﬁba?eﬁggﬂh a
har dwar e BAERtASNARY 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 is 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

25 to realize a large capacity disk storage apparatus.
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analog circuit, the adjustnment of such circuit can be sinplified. Further,
when the control systemis enbodied with a software, the conputingaty
del ay by conputing process can be shortened, thereby naking it p035|b?ﬂ4to
set the control band higher. 25 If changing Figs. 20 and 21 using the
coefficients k, and k2 simlarly to the third enbodi nent, the bl ock

di agrams become those shown in Fig. 22 and 23, respectively. That is, the
di sturbance estimation means, 17A of the fourth enbodinent is the
combi nat i on BRaEh&sdFs2iFBENEd  estimati on neans 17 of the 30 second

enbodi mrent and the first correction nultiplication nmeans 18 of the fourth
embodi ment. | n additi oh, diRk sbpredei BRAPAEARYS TSAPBELSERE fourth enmbodi ment
is the conbination of the correction nmeans 15 of the second enbodi nent and
the second 70 - 7adtlUabbo?0fi6aner fect poritriibnipbi saheed WeahAsregrertt ke
fourth enbodiment. The first correction nultiplication nmeans 18 having the
transfer fungthopkof k, is inserted into the path for transferring the
drive signal u fromthe correction nmeans 15 5 to the di sturbance estination

means 17,;and theysecangde.6ar ket 4o virbt kakucatkoatBransah® having the
transfer tunction of k2 is inserted into the path for transferring the

dIStrgb?REGCSEEé% at cgnwﬁkgn%b Iﬂﬁﬁk'h&qggtggﬁel gurbance estimati on neans

17 ron nmeans ock 71 corresponds 10 to
the first correction nulti I|c ion ns 18, and _hl r. onds to
t he second correc?F&NenﬁPﬂlpW°i§Fg8n S5E108. meﬁpgt%§§f§§FF%%e odi nent is
descri bed based on Fi 22 and 23, the disturbhance estlnatlon nmeans 17A i s
configured t érigenepa eVPHéa@ﬁsﬂ@ﬁH§ﬁ@el@s@F&ﬁﬂP@nS§|&n&F 404 "SIt he

signal 15 obtained by nultiplying the position control signal c by k, and
and for outputting a voltage signal;

10 disturbance torque estimation means for estimating a
magnitude of a disturbance torque 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

15 component 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 sald
head from servo information previously recorded on said

20 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; and
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the voltage signal Ed. The correction neans 15A is configured to copbine
the position control signal ¢ with the signal obtained by nultiply171gJUtNh3mB
di sturbance estinmation signal 'rdest by 1/k2' 20 The foll ow ng enbodi nents
may be enpl oyed besi des the above-nentioned 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 conbined. That is, in either
enbodi nrent, the filter neans 16 for cuttiE? off the 25 thQ frgg %98%
conponents of t heCAFseGFbARCBEREF| ARFi GRTEFGARE STd8sPOrstadte ﬁo the
correction nmeans 15A. In the disk storage_apparatus in the first to fourth
enbodi ment esptaphedish paid Ehétall FFENRér §CaRFOPHEE8gPaLEr §T1YFe
configured by analog filters. Alternatively, they can be 30 configured by
digital filtekignaFEyrthdr fotrheutpspedhigvéheonporensdgosnstituting the
positioning control systemin each enbodiment nay be enbodied in a
software by a m cpoconmputesk sWbirbget Bepdirakust acagedappartat gdedmofl,t he
first to fourth 71 - 7 JUN 2006 enbodi nents have been expl ai ned as the

magnet i 9iS%héggﬁﬁg%ai@pB%%%h%%%%ceth@r@b@sgﬁtihawaahi@@ahs not limted to
this, and can be applied to the other information recordi ng apparat uses
such as an og%ic%Ls Esk st orage apparatus and a magneto-optical 5 disk
storage appa arts ‘stated so far, according to the disk storage
apparatus of the present inventio

pi vot bearing friEPWBﬁFlgﬁnepﬁ?PFc%P t%e%%ﬁkq%het%@eﬁwl%% eb%Q§%a§UCh as a

rceor ‘an-inertiaforce erted on
the actuator means, the disturbance estimtion 10 signal is produced by
conbi ni ng ondesectiRe &y wéish graltagfd detection meansy

first multiplication means for multiplying said drive
10 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 transfer function;
15 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 multiplication means and the output of said
20 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
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position control signal with the voltage signal induced across tha Hryxe006
coil of the actuator neans. Since the voltage signal 1is a continuous
signal, it is possible to correctly detect the disturbance, conpared with
t he conventional art using discrete 15 servo information. Accordingly, even
if the fluctuation of the disturbance during follow ng operation directed
toward the target track is large, it is possible to surely conpensate this
fluctuation and to inprove the positioni accyracy of. the, head s

respect to tREtPHE§eR FPRERILAR i58§F98ygaeaﬁfgnae¥REd ?BEFﬁgi g %Ece
exerted on the actuator neans due to shock/vibration fromthe outside, it

i s possi bl e meahapepdesehd fiK6EKIPESPEPAACE BREPScteristic of the disk
storage apparatus and to stably inplenent head positioning control.
According to the di.sk &tdiafeshppagat epperathe pEeSEALNI250 RERfy dn,

besi des the above-stated functions and effects, to produce the drive

si gnal basedygarthe position control signal for the head position and the
di sturbance estimation signal, the high frequency conponents of the

di sturbange estinghi @R+ fla@nah #reqeehcof bebyatibe dfiskiebaneans std rahereby
produce a filter 30 signal, and the filter signal is conbined with the
position COEH%ﬁg}SpQ%%thgrb %aqﬁaﬁﬁQQ%&%hﬂ%et%s%ﬁ%b%gbnphﬁﬁﬁﬁﬁikh%et

drive signal efore, it I's possible to stabilize the positioning

control systemeven.if the,coil ,resistance qf 12 - N drive
coi | of the &t Gal6rUsednslcs ﬁ&@neaugﬁnt&fﬁhéEgéﬁﬁngﬁ B&agbé%gggug% t he

change of the resistance value by the resistance fluctuation or
t enperature psé tighr €GPS Ot HE3HiSst ur bance estimation neans is configured

5 to produce the disturbance estinmation signal based on the signal
4. A disk storage apparatus according to claim 1,

10 wherein
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,
15 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 cavity, and a drive coil provided in a
20 magnetic cavity formed 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,
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obtained by nultiplying the drive signal or position control signaz @éhé
and the voltage signal, and the correction neans 1is configured to @6
the drive signal by conbining the signal obtained by nultiplying the

di sturbance estimation 10 signal by 1/k2 with the position control signal
(k, >> 1, k2 >> 1). By so configuring, it is possible to stabilize the
positioning control systemeven if the coil resistance of the drive coi

of the actuator neans i s not val ue, dye EOSBQS change

of the reS|stances@bﬁu%aBQC%EgguéggsFﬁﬁ rﬁgl?FBEtﬁg PR B Fenperature

rise. Hence, particularly if the influence of the disturbance, ﬁh IS
exerted on tﬂElaetuatbrlﬁeﬁﬁ§aléﬁltﬁéep§§FtF@nbﬁ&e EOHFP6F1§9§F@HVF Yfeases
as the actuator neans is nade small in size and light in weight and the

resi stance ftushdati pasdbtafcehealineve eei Exandsehd bBkange of the
resi stance val ue occur, the disk storage apparatus of the present
i nvention can deat=1w/RkR? Noged di-ves seocondi tional changes by i nproving the
head positioning accuracy and inprove the track density conpared fromthe

conventi opal Bg@@&%gée kb tspabReref e Rossi Measpi ivelneal i ze a large
capacity dlsﬁ torage apparatus. 73 "7 JUN 2006 What is clainmed is: 1. A

disk storage appagat us,CoIRE Sk AgacACLUBLOLIRANSchgkiAARLLI 0N Nng @ head

with respect to a’'dis rirve r|V|ng said aCtuator neans in

accordance with an |np 86.P5§§Ffﬁgg Pﬁ&g%gé%l%%ll %%lha%ﬁtgeE%%%e%Q eans

for detecting a griy dfi ViRg Said actaator means,

a disk;
drive means for driving said actuator means in
10 accordance with an input drive signal;
drive coil voltage detection means for detecting a
drive coil voltage induced in driving said actuator means,
and for outputting a voltage signal;
position detection means for producing a position
15 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
20 control signal corresponding to said position error signal,
and for outputting the position control signal;
disturbance torque estimation means for estimating a

magnitude of a disturbance torque exerted on said head from
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and for outputting a voltage signal; 10 di sturbance torque estimtion neans
for estimating a magnitude of a disturbance torque exerted on said thduh 2006
from said drive signal and said voltage signal, and for producing a

di sturbance estimation signal; filter means for cutting off a high
frequency 15 conponent of said disturbance estimation signal, and for
outputting a filter signal; position detection neans for producing a
position error signal correspondiag to.a curEent gos%tign of s idangead
from servo | AR&ENEELBAIBr EVPBASI §RFeEBrdeBCBATS8I a8 EPsk Al det &8ed by
said head, and for outputting the position error signal; position control
means for pr@ducpngdacéégi@i8h5tééﬁﬁﬂﬁﬁ §§§h§?té8PrégBBﬁafng to said
position error signal, and for outputting the position control signal; and
74 - 7 JUN 2006 céiieeti npamsafisrf onttonbi niffigashiidhpdspal8Ayont r ol

signal with said filter signal to produce said drive signal, and for

out putting themgbh¥atsb@nabid2diAtdirbknstoragémappanasignad¢ordidngoto cl ai m
1, 5 wherein said disturbance torque estination neans conpri ses:

conpari sof ﬁgagﬁu%ggnbegeggh@grt@@gﬁghgaggdsignal det ected by said voltage
detection neans; first nmultiplication nmeans for nultiplying said drive 10

ﬁL?P?' by a.CoeffEg%%?%tgggsbgghggfgﬁ 2ohbhi Sl nly @B3kehoshivneh @dntgeaond
plication neans tor nul ti1plying an out put
signal with said filter signal to produce said drive
signal, and for outputting the drive signal.
7. A disk storage apparatus according to claim 6,
10 wherein
said disturbance torque estimation means comprises:
comparison means for receiving the voltage signal
detected by said voltage detection means;
first multiplication means for multiplying said
15 position control 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;
20 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
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of said conparison neans by a coefficient consisting of a second tggpﬁgﬁ@mm
function; 15 first integration nmeans for integrating the output of a
conpari son nmeans; and second integration neans for integrating a val ue
obt ai ned by subtracting the added val ue of the output of said second

mul tiplication nmeans and the output of said 20 first integration nmeans from
the output of said first nultiplication neans, and sai d conpari son neans
conpares said voltage signal wth the output of sai cend_i.ntegration
neans, and 7@ult7p§gﬁ95688 88?85t2r8m05ﬁ$agpégﬁ£r gug?isogggﬁ second

mul tiplication means and said first integration nmeans. 3. A disk storage
appar at us actotdingicatépai #EanS wABFein 5 an estinmation frequency of said
di sturbance estinmation signal produced by said di sturbance estimation
nmeans i s set at aavdl gempaghepnt heana conpPrskst FaddeNey LBIRd SRS d
position control neans. 4. A disk storage apparatus according to claiml,

10 wherein aweuh- oht bueguency shisaisécbindt éntegansios seanst, andval ue

| ower than a control band of said position control nmeans. 5. A disk
storage appapatpstaceordnparieosl ae®ult tiSswher eecosa dudctipdticrtieans is
configured by a permanent magnet fixedly attached to at | east one yoke of
a pair of means and said first integration means.

8. A disk storage apparatus according to claim 6,
wherein
an estimation frequency of said disturbance estimation
10 signal produced by said disturbance torque 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
15 a cut-off frequency of said filter means 1is set at a

value smaller than a control band of said position control
means.
10. A disk storage apparatus according to claim 6,
wherein
20 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 cavity, and a drive coil provided in a
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yokes in a cavity of the pair of yokes opposite to each other through the
cavity, and a drive coil provided in a 20 magnetic cavity fornmed by $alliy 2806
per mmnent magnet and said yokes. a circuit having a capacitor and a

resistor connected in series, is connected to said drive coil in parallel,
76 7 JUN 2006 said capacitor and said resistor connected to said drive
coil in parallel are set to have a capacitance value C and a resistance

value r as expressed by C=La/Ra2, and r=Ra, or 5 approximate t = Ra2,
and r=Ra, re@ﬁ@@??%@l§¥Vl§Y ACHMER EVOPQE@ Qﬁﬁg?gFﬁ ,mggﬁﬁrigpﬁggag?{uator
means for positioning a head with respect to a disk; drive neans for
driving sai dYaé€gator means in 10 accordance with an input drive signal;
drive coil voltage detection neans for detecting a drive coil voltage

i nduced in driving sarguast bavéndnearapPacaka@rf eRdodt FEELISHEYTa CPHINCATE
signal; position detection nmeans for producing a position 15 error signal
cor respondi ngnt ecaieurr est cpasietited ¢b saild drexe ftodh ser weriadfledmat i on
previously recorded on said disk and detected by said head, and for
outputting the p@siili @ApRKILeLSagkdAlsa iR0Selsiigh ceorbhale cieans of afaipr oduci ng
a position 20 control signal corresponding to said position error signal,

and for outputtiag he ReSikiran 16anthel seitgRdl havdl S WapaRree AndeduRilue
estimati on neans for estimating a
C and a resistance value r as expressed by
Cc=La/Ra?, and r=Ra, or
approximate to C=La/Ra?, and r=Ra, respectively.
10 11. A disk storage apparatus comprising:
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;

15 drive coil voltage detection means for detecting a
drive coil voltage induced in driving said actuator means,
and for outputting a voltage signal;

disturbance estimation means for estimating a
magnitude of a disturbance exerted on said head from a

20 signal obtained by multiplying said drive signal by ki,

where k; is a coefficient of a real number not smaller than

1, and from said voltage signal, and for producing a

disturbance estimation signal;
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magni t ude of a di sturbance torque exerted on said head from77 - 7 JUN 2006
sai d voltage signal and said position control signal, and for protdciun 2606
di sturbance estimation signal; filter nmeans for cutting off a high
frequency conponent of said disturbance estimation signal, and for 5
outputting a filter signal; and correction neans for conbining said
position control signal with said filter signal to produce said drive
signal, and for out%gkting t he drive_si i sk storage a%paratus

e} i e} a%gal' N %c 1 9
according to clai i P8 WREFETH S al" 2 HPs L bRACE S Gué EST it on means
conprises: conparison neans for receiving the voltﬁgg si%nal detected by
sai d vol t agedéPEcELORAR RS TOPPPEAIREI PR CHEFEATMERSL (HER Afl SitgiVi ng
said 15 position control by a coefficient consisting of a first transfer
function; sebérd Myl plirgat Lo omBand oho PIRYLOUSILYT Agcardegt Pt sagid sai d
conpari son nmeans by a coefficient consisting of a second transfer
functi on; 20dfiskstnidntdegeattieon biyeaad df tueaidnt egcatfionrg oult@ubitipgt tdfe sai d
conpari son nmeans; and second integration neans for integrating a val ue
obt ai ned by pubtitach egrblte sdgynpat; of said second 78 - 7 JUN 2006
mul tiplication nmeans fromthe output of said first multiplication neans,
and 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
10 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 than 1, with said position control signal to
produce said drive signal, and for outputting the drive
15 signal.
12. A disk storage apparatus according to claim 11,
wherein
sald coefficients k; and k; are set almost equal to
each other.
20 13. A disk storage apparatus according to claim 11,
wherein
said disturbance estimation means comprises:

comparison means for receiving the voltage signal

detected by said voltage detection means;
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sai d conpari son neans conpares said voltage signal wth the outpq17oE sa@d
second integration neans, and 5 outputs a conparison result to said 6
mul tiplication nmeans and said first integration neans. 8. A disk storage
apparatus according to claim6, wherein an estinmation frequency of said

di sturbance estimation 10 signal produced by said di sturbance torque
estimation neans is set at a value higher than a control frequency band of
said position control means. 9. A disk storage a ratus .accordi claim
6, wherein 15 a 56F§5fmuﬂFéagéﬁ8§l8P @gﬁﬁsf?Pfe&giééﬁﬁyﬁggsggeagqgkg&élue
smal l er than a control band of said _position contral , neans. é? A _di sk
storage appabhigh aécEPdrAg§erobyl BUMEEPLYHREr §Ph 9268 d4Pd SA8PGdt &Y fans is
configured by a permanent nmagnet fixedly attached to at | east one yoke of
a pair of ybkee icredféaiieny ebnshetpagr odf ayskastoppasistert & Ue&EH OTdt her

t hrough the cavity, and a drive coil provided in a 79 7 JUN 2006 nagnetic
cavity fornmed by saicdnpermmaneptl icagien aednsaifdr pokésplyicior e oua@rtng a
capacitor and a resistor connected in series, is connected to said drive
coil in parablrelsaid oinghacapas meanandysai dokEsiistientCaonadised nio cfaiad
drive coil in parallel are set to have a capacitance value C and a

resistance vabugnly 2% .8%6ReeSTRARY on;
first integration means for integrating the output of
said comparison means; and
second integration means for integrating a value
10 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
said comparison means compares said voltage signal
15 with the output of said second integration means, and
outputs a comparison result to said second multiplication
means and said first integration means.
14. A disk storage apparatus according to claim 11,
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.

15. A disk storage apparatus comprising:
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C=La/Ra2, and r=Ra, or approximate to C=La/Ra2, and r=Ra, respectivekyz juNCoos
11. A disk storage apparatus conprising: actuator neans for positioning a
head with respect to a disk; drive nmeans for driving said actuator neans
in accordance with an input drive signal; 15 drive coil voltage detection
means for detecting a drive coil voltage induced in driving said actuator
means, and for outputting a voltage signal; disturbance estimtion neans
for estimating a magnitude of a disturb%nce.exert d_an s%%d head Er%nla
20 signal obt ai ne@ChbYeraFt MERYPNg °LaPdsdritvB8 8gha eS@ RT-" Wi&FEXK s a
coefficient of a real nunber not smaller than 1, and from said voltage
signal, and Rofipkéducing a disturbance estimation signal; 80 7 JUN 2006
position detection nmeans for producing a position error signal
correspondi ng to drdwer ewangosiori o igfingaisdidhesd vbtem S€RVE iLif or mat i on
previously recorded on said disk and detected by said head, and for

out putting thecbrpasicel onter rer inpgralkdyr ipesistigoalcont rol means for
produci ng a position control signal corresponding to said position error
signal, @and for gutipdtidong ke tpes detrcearir aleasisgialr; daneotdmeeat i on
means for receiving said position control 10 signal and said disturbance

estimation signgl, LQTLLBIRG R i$igRald bl airmed nly siuld iaRitYiaRS S#etins,
di sturbance estinmation signal by 1/k2, where k2 is a coefficient of a real

nunber and for outputting a voltage signal;

position detection means for producing a position
error signal corresponding to a current position of said
10 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 signal corresponding to said position error signal,
15 and for outputting the position control signal;
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 ki, where k; is a coefficient of a real number greater
20 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, combining a

signal obtained by multiplying said disturbance estimation
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greater than 1, with said position control signal to produce said deiyvgyn 2006
signal, and for outputting the drive 15 signal. 12. A disk storage
apparatus according to claim1l, wherein said coefficients kl and k2 are
set alnost equal to each other. 20 13. A disk storage apparatus according
to claim1l, wherein said disturbance estimation neans conpri ses:

conpari son neans for receiving the voltage signal detected by said voltage

detection neans; 81 7 2006 first multiplicati.on . means f j i ng
the signal, ShAPER PY i ?‘lai n&dEh§ Rl 5 i 3fl%ne LA (e asirgénaa%m%‘*%%y by
a coefficient consisting of a first transfer function; secon

mul tiplicati enensans thal ful MiiphyPAddaROSHEAGR CONGE Cdaifd 986 Mp&Fi son means
by a coefficient consisting of a second transfer function; first

i ntegration peadsiceosaiint dgriatei 8¢ onaa ;ogngut oaf ousRUF tdeepahies 6F €ans; and
second integration neans for integrating a value 10 obtained by subtracting
t he added valkugnefl.t he output of said second nultiplication nmeans and the
output of said first integration neans fromthe output of said first

nul tiplication neams, andisa GteQRRR! apPa rRRARS acerpariesy sal ¢lwdit age
signal 15 wth the output of said second integration neans, and outputs a
conparison result ;.0 said second nultiplication

said coefficients k; and k, are set almost equal to
each other.
17. A disk storage apparatus according to claim 15,
10 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,
15 which is obtained by multiplying said position control
signal by ki, 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
20 second 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
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means and said first integration neans. 14. A disk storage apparat us ¢ JUN 2006
according to claim1ll, wherein 20 an estimation frequency of said

di sturbance estinmation signal produced by said disturbance estinmation
means is set at a value higher than a control frequency band of said
position control nmeans. 15. A disk storage apparatus conprising: 82 - 7 JUN
2006 actuator neans for positioning a head with respect to a disk; drive
means for driving said actuator ans i aceor dance wi.t.h an i nput drive
signal; 5 dr WéteBlFCasr-PRgBeaE e FPHntE§a9§ 8§t§899n61§5tdrive coi

vol tage induced in driving said actuator neans, and for outputting a
vol t age si gnaMltpediicrshclef@éiiSonaRans for producing a position error
signal corresponding to a current position of said 10 head from servo

i nformati on previ sasky comperdsdnonesaisd coinpl rarnd sdétdevdd ay sdigdaHead, and
for outputting the position error signal; position control neans for
produci ng a pasht tbe otaplrobfsisgnal seaovnes pondiong ttions aiednggsianidon err or
signal, 15 and for outputting the position control signal; disturbance

estimati on meaRpuker aeSbnPaliiRend re@adhi tude0l &ediosidumdanae lexertieth on
said head froma signal obtained by multiplying said position control

signal by kﬁeag@e% Klsali$ &16Q8f fiin¢le@i tQbnd re@@ls .nunber greater 20 than
1, and fromsaid voltage signal, and for producing a
18. A disk storage apparatus according to claim 15,
wherein
an estimation frequency of said disturbance estimation
10 signal produced by said disturbance estimation means is set
at a value higher than a control frequency band of said
position control means.
19. A disk storage apparatus comprising:
actuator means for positioning a head with respect to
15 a disk;
drive means for driving said actuator means in
accordance with an input drive signal;
drive coil voltage detection means for detecting a
drive coil voltage induced in driving said actuator means,
20 and for outputting a voltage 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 ki,

where k; is a coefficient of a real number greater than 1,
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di sturbance estimation signal; and correction neans for receiving s§i gUN 2006
position control signal and said disturbance estimtion signal, conbining
a signal obtained by multiplying said disturbance estimation 83 - 7 JUN
2006 signal by 1/k2, where k2 is a coefficient of a real nunber greater
than 1, with said position control signal to produce said drive signal

and for outputting the drive signal. 5 16. A disk storage apparatus

according to claim 15, . wherein said coefficients Kkl : re set al nost
equal to ea@ﬁdoFHBP.Sf?ghxogFgﬁesﬁéggﬁ ’aﬁagrgfﬁs 5@?@%&5 g%to cl ai m 15,
10 wherein said disturbance estinmatiagn ans conprises: conparison neans
for receivi ngd1ERETPENCEYESSILGREILONdELIERed by said vol tage detection neans;
first multiplication neans for nmultiplying the signal, 15 whichis
obt ai ned by nul ti plogilig osaide tgsdiitino RegHFt oI p§p@#§un@yakfpﬂ$F%9n
coefficient consisting of a first transfer function; second nultiplication
means for mnulktricplryisignan aetpetspooldisagi ¢ ocenparirsot pesid lon @ceafifd ci ent
consisting of a 20 second transfer function; first integration nmeans for
integrati §g thhedoutput sefrvesadind crarpdions @ aveans;] yane coecerd dmtsegrat i on
means for integrating a value obtained by subtracting the output of said
second 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,
10 and for outputting the position control 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/ka,
15 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.
20. A disk storage apparatus according to claim 19,
20 wherein
said coefficients k; and k, are set almost equal to
each other.

21. A disk storage apparatus according to claim 19,

wherein
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84 7 JUN 2% nultiplication neans fromthe output of said first = 7 JUN 2006
mul tiplication neans, and sai d conpari son neans conpares said voltage
signal with the output of said second integration nmeans, and 5 outputs a
conparison result to said second multiplication neans and said first
integration neans. 18. A disk storage apparatus according to claim15,
wherein an estimation frequency of said disturbance estimation 10 signal
produced by said di sturbance estimati means i s _se at .a _val ue hi gher

I.on t )
than a control fr&ga&ndySband8f s &8 PEsitroREs: FOMPREaRS  19. A di sk
st orage apparatus conpri sing: actuator neans  for ositigning a head with
respect to 15 a GPER2 rd S0P WERSs TP8r &CRHVAGIs&DE ACLTA06T S in
accordance with an input drive signal; drive coil voltage detection neans
for detecti ngesecgeidvdycesialioyaiotliges AeEeed ion @edwiSig sai d act uat or nmeans,
20 and for outputting a voltage signal; disturbance estimtion neans for
estimating a mag fiitrsde mofl td pdiisturioan oe agyse rfced morl ts@ild imgad Her rhgaal,
signal obtained by nultiplying said drive signal by k1, where kl is a
coefficient ghianhr eal opwaierdmeanen tifdyihg 82id AriN 20QGaandyf nam sai d
vol tage signal, and for producing a disturbance estinmation 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 transfer function;
10 first integration means for integrating the output of
said comparison means; and
second integration means for integrating a value
obtained by subtracting an added value of the output of
said second multiplication means and the output of said
15 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
20 means and said first integration means.
22. A disk storage apparatus according to claim 19,
wherein

an estimation frequency of said disturbance estimation

signal produced by said disturbance estimation means is set
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position detection neans for producing a position error signal - 7 JUN 2006
corresponding to a current position of said 5 head from servo infornmation
previ ously recorded on said disk and detected by said head, and for
outputting the position error signal; position control neans for producing
a position control signal corresponding to said position error signal, 10
and for outputting the position control signal; and correction neans for
receiving said position control signal and.said disturbance tir@%ion

si gnal, cuttPhgofflug ﬁﬂ@ﬁeFréaﬁ@ngyc8Sﬁﬁ8&e Fe8Pe§c§i§ﬁ§F,o i s
obtained by multiplying said disturbance estimation signal by 1/k2, 15
where k2 is @osdéfipincicontrefl HeedEsl- nunber greater than 1, to produce a
filter signal, conbining said position control signal with said filter
signal to produce?28ai dAddiwk sgiogaale, apipd riadusoaaeerding tive cdeiive 1.gnal .
20. A di sk storage apparatus according to claim19, 20 wherein said
coefficientsulkleraneh k2 are set al nost equal to each other. 21. A disk
storage apparatus according to claim19, wherein 86 - 7 JUN 2006 said

di sturbange esti mat ic%&—'lﬁ%”%r“egfﬂéfrﬂc@e%f teRIMFANitsoN sTRaRS. fofr J=8eri vi ng t he
vol tage signal detected by said voltage detection neans; first

mul tiplication, S SO 1R W Hehg Sian@l .smad 18 ehdrs ORiidied by
mul ti plyi ng sai rive S|gnallby k1, by a coefficient consisting of a

first tranSf%&éaﬂgﬁefnﬁand of said position control means.

24, A disk storage apparatus comprising:
actuator means for positioning a head with respect to
10 a disky;
drive means for driving said actuator means in
accordance with an input drive signal;
drive coil voltage detection means for detecting a
drive coil voltage induced in driving said actuator means,
15 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 by said head, and for outputting the
20 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;
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second multiplication nmeans for nultiplying an output of said conparison
means by a coefficient consisting of a second transfer function; ]Ifkij@%zmﬁ
integration neans for integrating the output of said conparison neans; and
second integration neans for integrating a value obtained by subtracting

an added val ue of the output of said second nultiplication nmeans and the
output of said 15 first integration neans fromthe output of said first

mul tiplication nmeans, and said cqnpari son neans conpar.es,.sai d _voltage

signal with the 8&FﬁHF%8PC§aF&%§@@%ﬁ8niWF@&Fa%P&neﬁgéﬁgFlgﬁda outputs a
conparison result to said second nultiplication 20 neans and sai d first

i ntegration megrdtugs oA @i§RS§F6P§@€ea6&§F§@9%O&cé&ﬁ@i%&apofgpﬁ M 19,
wherein an estimation frequency of said disturbance estimation signal
produced by saidadi sbirebarde bys muddtipdy imgans ids Post tdpn ZongyCAdoF6 %2 la

val ue hi gher than a control frequency band of said position control neans.
23. A di sk sbgrage appaeakysiaceocak Ml ¢ioerct ad in d I eawhermeber 5yeeaiex of f
frequency of the filter signal of said correction nmeans is set at a val ue

smal | er thantazeontrahd frreauencyl hand aefe $aighangsiandorf ccopiraludirans  24.
A di sk storage apparatus conprising: actuator neans for positioning a head

with respect i@+ 192l Ystimation 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
10 by multiplying said disturbance estimation signal by 1/kz,
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.
15 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
20 wherein
said disturbance estimation means comprises:
comparison means for receiving the voltage signal

detected by said voltage detection means;
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drive nmeans for driving said actuator nmeans in accordance with an i_n@ujUN 2006
drive signal; drive coil voltage detection neans for detecting a drive
coil voltage induced in driving said actuator means, 15 and for outputting
a voltage signal; position detection neans 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.th 2Q posi.tion error _signal; sition contraql. ns
for producing a p &FﬁﬁoW“q$&ﬁﬁﬁ8ﬁ%§P&nEFaE8r%8§p@ﬁﬁi&8H¥8“§a3€6p5§ﬁ¥|on
error signal, and for outputting the position control signal; 88 _ 7 JUN
2006 di st ur bahéehedsi pRItiAGA SR &S a1t 1@dtilmgt iSRg da PR driotude g o

di sturbance exerted on said head froma signal obtained by nultiplying
sai d positiosigoatlr 8y dignly abgorifighepre RpnpishirgePfidi EALSEF a real
nunber greater 5 than 1, and fromsaid voltage signal, and for producing a
di st ur bance éstinsEdteiroduwiagrhiain;; and correction nmeans for receiving said
position control signal and said disturbance estimation signal, cutting
off a high frequerepreomuandnt] iofatd o3 gralns Wairc muls ightydinge dnl @unput

mul tiplying said disturbance estimation signal by 1/k2, where k2 is a

coefficient off azieRlcomymarsd edLls AR boedfd AlPAUCR N fdditRy of gnal ,
conmbi ning said position control signal” with said filter signal to produce

said drive %%%%%d gyy%gfgf(¥ﬁ H&hﬂg the drive signal. 15 25. A disk
storage apparatus according to claim 24,

first integration means for integrating the output of
said comparison means; and
10 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
15 with 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
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.

28. A disk storage apparatus according to claim 24,
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wherein said coefficients kIl and k2 are set al nbst equal to each oLqﬁr

26. A di sk storage apparatus according to claim24 20 wherein said JUN 2008
di sturbance estinati on neans conprises: conparison neans for receiving the
vol tage signal detected by said voltage detection nmeans; 89 - 7 JUN 2006
first multiplication neans for nmultiplying the signal, which is obtained
by multiplying said position control signal by kl, by a coefficient
consisting of .a first transfer function; 5 second nultiplication nmeans for
mul tiplyi ng &7SF&tput of said conparison neans by a coefficient consisting
of a second transfer function; first integration neans for integrating the
output of said cEmEAH ST FEgRiengyd ofo W& dnid Gk G o T £ or
integrating a value obtained by subtracting the output of said second

mul tiplicati eeonesats oy graarse icutgait adf asaiad Ua rlstwermiiharpla cariteiPreans,
and sai d conparison nmeans conpares said voltage signal 15 with the output
of sai d secorfddqueegratbizon rmearss, idampe s idutqrutcore onpegarson result to said
second nmultiplication neans and said first integration neans. 27. A disk

storage appar at us 2accordidig i Gtdaige 2pparditiLidorddan negdigamt i on
frequency of said disturbance estimation
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;
10 producing a position control signal corresponding to
said position error signal; and
estimating a magnitude of a disturbance torque exerted
on said head from a drive signal of actuator means for
positioning said head and from a drive coil voltage signal
15 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;
20 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.
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signal produced by said disturbance estimation nmeans is set at a val

hi gher than a control frequency band of said position control means. ZEEJ.UNAZOQs
di sk storage apparatus according to claim24, 90 7 JUN 2006 wherein a
cut-off frequency of the filter signal of said correction neans is set at a
val ue | ower than a control frequency band of said position control neans.

5 29. A disk storage appar at us control met hod conpri si ng t he steps of :

producing a positi erro COrres to.a t
head from servo i (%‘ﬁ%( % &A°ATs 13 aercor e(foélﬁcré)ldl Sk t%a%rgdpadj%t Oﬁ‘gl

sai d head; 10 produ0|n%%a position control signal corresponding to said
posi tion err o Silgid 2 hegi§imat | ng a magni tude of a disturbance torque
exerted on said head froma drive signal of actuator neans for
posi tioning said headsdrdation £ mHau o9 el ich g sHugrances qsiddadd 3
driving said actuator neans, and producing a disturbance estimation
signal ; cuttisigreflf i& hegh atr equence durgimternthasf asaiahtmilstindsamecy
estimation signal, and producing a filter signal; 20 combining said
posi tion gonty=eld ﬁmrﬁliwﬁﬁﬂm& ddrittrer] sigyradl,. and producing said drive
signal; and positioning said head with respect to said disk by said drive
signal. 91 31. 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
10 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 torque exerted
on said head from said position control signal and a drive
15 coil 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;
20 combining said position control signal with said
filter signal, and producing said drive signal; and
position said head with respect to said disk by said

drive signal.

32. A disk storage apparatus control method according
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- 7 JUN 2006 30. A disk storage apparatus control nethod according, io
claim?29, wherein an estimation frequency of said disturbance estim VYN 2008
signal is set at a value higher than a control frequency 5 band of said
position control signal. 31. A disk storage apparatus control nethod,
conprising the steps of: producing a position error signal corresponding to
a current position of a head fromservo information 10 previously recorded
on a di sk and deHecte% by §$id.head; produci ng a position control signal
correspondi n§% 61324 ¢ lpodiG 6t "error signal ; and estimating a magnitude of
a disturbance torque exerted on said head from sajd position control,
signal and a driveéen EStdgiativd tdgausingyaet fddce @St Udanary SShitdaddtdat or
means, and producing a disturbance estimation signal; cutting off a high
frequency comspomedt isf ssdi ¢t di Sadusaidehest ithan en owinfiell, fERiysrsduci ng a
filter signal; 20 conbining said position control signal wth said filter
signal, and preduciingesal ¢padriibiersicgpmalrolasdgredsi tion said head with
respect to said disk by said drive signal. 32. A disk storage apparatus
control ngthod acawy.di ng D2k std¥aR0G doa redtaisncdht ndlen@ighaal) estimation

frequency of said disturbance estimation signal is set at a val ue higher
than a contrQlofJ18G4eRCY he 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;
10 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 ki,
15 where k; is a coefficient of a real number not smaller than
1, and from a drive coil voltage signal induced in driving
said actuator means, and producing a disturbance estimation
signal;
combining a signal obtained by multiplying said
20 disturbance estimation signal by 1/k,, where k; is a
coefficient of a real number greater than 1, with said
position control signal, and producing said drive signal;

and
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band of said position control signal. 5 33. A disk storage apparatus=7 JUnN 2006
control nethod, conprising the steps of: producing a position error signal
corresponding to a current position of a head from servo infornmation
previously recorded on a disk and detected by said head; 10 producing a
position control signal corresponding to said position error signal; and
estimating a nagnitude of a disturbance exerted on said head froma signa

obtained by nultiplying a.drive, sign of act uat or an; i oning
sai d head by k1, % nglﬁﬁ sglﬁﬁggggfl&ant eCtrg%ﬁ ﬁgChEﬁit smal | er
than 1, and fron1a drive coil voltage signal |nduced in dr|V|ng sai d

act uat or nmea®didafd iycodd@ig -a di st urbance estimation signal; conbining a
signal obtained by multiplying said 20 disturbance estination signal by
1/ k2, where k2 is3d. cefdiisd &foraoca ar@ar b OGSt & tsh afc%c%lr?%al d
p05|t|on control signal, and producing said drive signal; and 93 7 JUN
2006 positiomhnglﬁaMd3@eadﬁmhﬁﬁ1respect to said disk by said drive signal.
34. A disk storage apparatus control nmethod according to claim 33, wherein
5 sai d coefficientsiid cvuthiziarasael; ahookt ®reaset caleash eghel.t85. A
di sk storage apparatus control nmethod according to claim 33, wherein
each other.
35. A disk storage apparatus control method according
to claim 33, wherein
an estimation frequency of said disturbance estimation
10 signal is set at a value higher than a control frequency
band of said position control signal.
36. A disk storage apparatus control method,
comprising the steps of:
producing a position error signal corresponding to a
15 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;
estimating a magnitude of a disturbance exerted on
20 said head from a signal obtained by multiplying said
position control signal by ki, where k; is a coefficient of
a real number greater than 1, and from a drive coil voltage

signal induced in driving actuator means, and producing a

disturbance estimation signal;
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an estimation frequency of said disturbance estimation 10 signal is 7S8{N b6
a val ue higher than a control frequency band of said position control
signal. 36. A disk storage apparatus control nethod, conprising the steps
of : producing a position error signal corresponding to a 15 current
position of a head fromservo information previously recorded on a disk

and detected by said head; producing a position control signal

corresponding to said position erro icf ude of a

r.signal; .estinmat.i .
di sturbance exert EQTEATDG £aiSd Héad Oibfct? néadsibgnéqu%tpg‘%ﬁec{%% mul ti plying
said position control signal by k1, where kl is a c effi%i ent of a real
nunber gr eat 6 SttRaRaNCe §F TSR ie T SidEadoinY \}dliizagg ©&Fgrial ¥ nduced in
driving actuator neans, and producing a disturbance estimation signal; 94
- 7 JUN 2006 cosrfifiigiiegta off gnaleadbtaimied 9y saliat AIhAd saiidh dixitdr bance
estimation signal by 1/k2, where k2 is a coefficient of a real nunber
great er than pbsiwitdn saird rqdosiitgren ,cemd grogiymalg senid woidiscisigrsal d
drive signal; 5 and positioning said head with respect to said disk by
said drive sixgral. 37. A disk storage apparatus control nethod according
to claim36, wherein 10 said coefficients kl and k2 are set al nbst equal to
each other. 38. Aglisk ishiRpesARPHAlS xtredpdiat had saccordlidig by
said drive signal.
37. A disk storage apparatus control method according
to claim 36, wherein
10 said coefficients k; and k; are set almost equal to
each other.
38. A disk storage apparatus control method according
to claim 36 wherein
an estimation frequency of said disturbance estimation
15 signal is set at a value higher than a control frequency
band of said position control signal.
39. A disk storage apparatus control method,
comprising the steps of:
producing a position error signal corresponding to a
20 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
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to claim36 wherein an estimation frequency of said disturbance estimation
15 signal is set at a value higher than a control frequency band o# 7sgip 25
position control signal. 39. A disk storage apparatus control nethod,
conprising the steps of: producing a position error signal corresponding to
a 20 current position of a head fromservo information previously
recorded on a disk and detected by said head; producing a position control
signal corresponding.to .said position error sj.gnal; and 95 7 J 2006
estimating a magnifSid@ine & SRFHLNEE §§g9t§%%5ﬁrh§§9§ ﬁéﬁfﬁ%@g§9a si gna
obtained by multiplying a drive signal of actuator mnmeans for positionin
sai d head by skid hﬂ@@r%n@m i35 Sd Fef diAEME o Ya MU Py 3y Bt thag
1, 5 and froma drive coil voltage signal induced in driving said actuator
means, and prddueilng fa aditstaicramea nés tharatiosd t isingmdl saddt tiesgl &1 4a-hi gh
frequency conponent of a signal, which is obtained by multiplying said

di sturbance iMeest ikmatson sbghdlchgnt/ k2, awheré k2mbsragceetfircicéan éf a
real nunber greater than 1, and producing a filter signal; conbining said

position gonty@ tSicgnal awitve saiid fiditergesisgnralal andiypeaduci niyisairdy dri ve
signal; and positioning said head wth respect to said disk by 15 said

drive signal o AQ Ao StRIALE ANRATHIEGHY 101 B I1ash rRGE Il gh £ f6h
claim 39, wherein
signal;
cutting off a high frequency component of a signal,
which is obtained by multiplying said disturbance
10 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
15 said drive signal.
40. A disk storage apparatus control method according
to claim 39, wherein
said coefficients k; and k; are almost equal to each
other.
20 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.
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said coefficients kl and k2 are al nbst equal to each other. 20 4% 7 Audi 286
st orage apparatus control nethod according to claim 39, wherein an
estimation frequency of said disturbance estinmation signal is set at a

val ue hi gher than a control frequency band of said position control

signal. 96 - 7 JUN 2006 42. A disk storage apparatus control nethod,
conprising the steps of: producing a position error signal corresponding to

a current position of a head from servo informtiqn previ ously recorded
on a di sk and det éct-ed "oy iSE & WEaFeS ﬁﬁgﬂﬁiﬁWﬁ;%?ﬁiﬁéif%%¥¥§ﬂtrol si gna
corresponding to said position error signal; and estimating a magnitude of
a di st ur banceoapartsddorrhes Ht@nvesd from a si gnal obtained by nultiplying
said 10 position control signal by k1, where kl is a coefficient of a real
number greater tharotucmy fa Gasd tddny el aignedg o BieFrARG Muded 4 n
driving actuator neans, and producing a disturbance estinmation signal;
cutting of f aurmgmtf reguencon comEoentd dfren siggnal ,infismeiicin i s obt ai ned
by multiplying said disturbance estimation signal by 1/k2, where k2 is a

coefficient Qfredidigaly MeBId eaf & dihan shd ard quedldnga d indat;
signal ; conbining saiazposition control signal with said filter signal

and produci ng sai ¢, 3% i} aalss ANGRARASIdT WL Rl dnad wdluiespest to
said disk by said rive signal
said position error signal; and
estimating a magnitude of a disturbance exerted on
said head from a signal obtained by multiplying said

10 position control signal by ki, where k; is a coefficient of
a real number greater than 1, and from a drive coil voltage
signal induced in driving actuator means, and producing a
disturbance estimation signal;

cutting off a high frequency component of a signal,

15 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

20 position said head with respect to said disk by said
drive signal.

43, A disk storage apparatus control method according

to claim 42, wherein
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43. A di sk storage apparatus control nethod according to claim42, erein
97 7 JUN 2006 said coefficients kIl and k2 are set alnost equal to e cfiun 2006
other. 44. A disk storage apparatus control method according to claim42,
wherein 5 an estimation frequency of said disturbance estimation signal is
set at a value higher than a control frequency band of said position
control signal. 98

said coefficients k; and k; are set almost equal to
each other.
44, A disk storage apparatus control method according
to claim 42, wherein
5 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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