duri-ng accel eration and deceleration of the actuator arm Since the
velocity profile is designed assum ng worst case conditions so that
~adequat e decel eration is available, then all of the files not operating
under worst case conditions operate at |ess than an optimal |evel. SUWARY
OF THE | NVENTI ON According to one aspect® of the invention there is

di scl osed a nethod for con ing the novenent -of -an -actuator- arm assenbly

oot ol 4 SochBRngl S0 B P By SR 6L 0, SORLEP LAY,

controllin e curre

t he act uaigRgionsiPihd r deil ; ! @
targor pooripasFaguRle bl SR cottionh BE ik Scule ASSLERIITE Tt By, -
target pogiltdfafie fAdPhoti dheraingafidel fonticasd conditRmt opératd s 166 thaffantdptimal
electrical notor to accelerate the actuator arm assenbly; determ ning the
posi tion ddvel.he actuator arm assenbly and the distance of the actuator arm
assenbly fromthe target position at a plurality of sanple tines;
determning the vel ocity asSUMBARY@OFTHRINVENTI@Nposi tions of the
actuator arm assenbly at each of said plurality of sanple tings; o

det er ni ni ng a Arcardiagricens: aspect of shejiaventiontheretis disgloseda methodnion sormellipg by
appl ying decel eration_current in saturation node, fromthe:velocity

associ at edhsymoNemgRhof,2n 3efuatop arm-Assembly in fodisk drivepihe aciuater aym agiqmbly

LEx bt o vEBRot A e B SR, R 5 Sl A5 SR b
act uat or _ _ _ t oSt eatn.’of ! . ty

Tode o g@?@fqd § R0 A TARR LORpHhE 30E MBBERR' fefhrlife 3°4eliRd, ﬁ
Dar i1 cut afiBE oshdih i tesiidd el SblEinaoctaid Wi he e Bbey At * N°
anot her aiﬁ??%nfgohtiéﬁelkﬁﬁwt&ﬂ%nﬁ la@rtﬁ% Icdil F’disﬁlboa’sﬁﬁeamﬁbﬂﬂﬁgf cefePstk 'L ! i NG

t he novemne an actuator arm asse ly in a d|s drive, e actuator arm
asselrrbl y _aamlemra&mbﬁsaﬁb@@ detepinbifial e poNMioTObf Eit0adtifof With Ssdenibly andOthe Of
an electrica :

distance of the actuator arm assembly from the i

___éét position at a plurality of sample

times; determining the velocity associated with: each of the positions of the actuator arm

assembly at each of said plurality of sample times; determining a minimum distance to

decclerate the actuator arm assembly by applying deceleration current in saturation

mode, from the velocity associated-with each of said plurality of sample times to the
target velocity; comparing the determmed minimum distance, to the distance of the

W) actuator arm assembly from the target position for each of said plurality of sample tiines;

and applying deceleraﬁon-"&ﬁﬁent operating in saturation mode to the coil once the
determined minimum dlstance is within a selected amount of the distance of the actuator
arm from the targgtf_."ﬁgsit_ion for the particular sample time until reaching the desired
target. a

Accordi.l__iélgi’"to another aspect of the invention there is disclosed a method for
controllingjj’_ﬁ;é :movement of an actuator arm assembly in a disk drive, the actuator arm
assem_t:)lS':f:movement being controlled by controlling the current to a coil of an electrical
m_o_t_bi:‘.? associated with the actuator, said method comprising the steps of: generating a

“gonservative velocity against position profile for decelerating the actuator arm assembly .



not of associated with the actuator, said nethod conprising the steps of:
generating a conservative velocity agai nst position profile for I -
decel erating the actuator arm assenbly so the actuator arm assenbly wi
stop and settle at a desired position; selecting a first position, ;
Xl(arrive max), fromthe desired positich where the actuator will stop an
settle; selecting a second position, Xl (arrive mn), a nunber of tracks

auay 11 o e 9RAbP SrR MY HICKS LAF 86t U85 Yertd boShiod ehionsias o fice

appl yi ng an“accel’erati on current

cel er at godifign.a 08 X)) Fo05 - janing. 1o accel erate the q;é_t-hat or
:‘r:m af t erpgiﬂgg%’d?{ggﬁ %lgée con’serva'zﬁl? é\/)éies\/e 2@8@}4 npg’g%rtgl @E agﬂ&tcg;! Wéﬁ sto%..qm.l .
decel er at beitle;Cselécting d Becdad positioAN XTeHfive Qniﬂf,cflnﬁfn%f of r&gd?so%g, 'e_t-er II:]I ng
a third position, Xl(arrive) by determning the position of :
- arm when désiredeiositionywlidre alid athator Sillsedy ant Qeitlae aﬁﬁgﬁﬂg%@édca@mtﬂdh%%}%”_
the saturation node is within a sel ected val ue of "t he ponserva.__-]--_v-e velocity
agai nst ptstheiaoil ofr e ielastricah dnodolj tosaccelgraten thetdctiatarlarias86mb e coatinuEhY ¢d N
the coil is swtched fromacceleration current to deceleration-current in
sat ur at i ofFcRlisEate \the gcteatos army affer; exceading dhereemsepthiioe velogityriprofilen dppliimy i ve
max) . According.to another aspect of the invention there |‘f_s.-.___d.| §c| oseq a
met hod f of®& Lqé}'f?&t PR R Hi (SafuEationn mede oto d@ﬂelﬁatortﬁa& coil; adsterthi Inyngt)ﬁ ﬁm‘édeps

tioR.cUrkent.in,s rati.on node, . sai d netho conprising the s

of - oo bR RS fcivel pi BeleBinif, 35 o Shaamios a whe el o
chang in &%’4 ' he.accel eration portion of the seek;
det ,e?m' ni ng t%rghignlilgﬂ%égﬁ]é @%‘%’5&8’1 ﬁﬂﬁnﬁ%“ tﬂFFesgl 'E:ré@?’_é_%dp;_fi tdg macc :ag‘iﬁ;wﬂit i onhe
séé'k; ITE x5d AEeF . .n.the.coi ri-ng ?‘5} .
portion of téhggstgé;%? an etg#{rﬁlﬁ]hﬁd"&ﬁé’ﬁ:géwmgl&elﬂar“ “satggon & teﬁg@tgezﬁkth
t he maxi ' | doif0id ek C . )
Acgor di ngw ltﬁgﬁ gl%?ﬂziﬂtgnsgigc%mgi# sﬁ%h%dqnggﬁl[ | onlgltraﬁeirlgﬂlfrgﬁot? grafjon qurrent
appar at usinfsaturation mode when X1(arrive) is not between Xl(arrlve min) anq X1 (arrive max).

According to another aspect of the invengidﬂfﬁ':ihere is disclosed a method for
estimating deceleration of an actuator arm assembly by a deceleration current in
saturation mode, said method comprising thesteps of: measuring the resistance of the

coil before the seek; measuring the changg: h coil current during the acceleration portion

of the seek; determining the change

seek; measuriﬁg the maximum cus t in the coil during the acceleration portion of the

] seek; and determining the mammum velocity associated with the maximum current in
coil during the acceleratiqn_" portlon of the seek.

According to another aspect of the invention there is disclosed an apparatus for
controlling the movement of an actuator arm assembly in a disk drive, the actuator arm
assembly move_,ﬁieﬁt béing controlled by controlling the current to a coil of an electrical
motor assoéiaféd with the actuafor, said apparatus comprising: means for generating a
conservafiv;é velocity against position profile for decelerating the actuator arm assembly
14 the ‘actuator arm aésembly will stop and settle at a desired position; means for
_sélééting a first position, X1(arrive max), from the desired position where the actuator

*will stop and settle; means for selecting a'second position, X1(arrive min), a sumber of”



controlling the novenment of an actuator armassenbly in a disk drive, thet
act uat or arm assenbly movement being controlled by controlling the curren
to a coil of an electrical notor associated with the actuator, said et
apparatus conprising: nmeans for generating a conservative veIOC|Ly agﬁlnfor
position profile for decelerating the adluator arnyasseﬁbly SO } e actua
armassenbly will stop and settle at a desired position; neans for

. P . : hal wher e
| ect i Ng @ckiFwiy BOS iHeOeir St (RLELve max) . fromth __ desi re_d osi t_|_orl1_
Che act uanacks &ty BOH biebsirdt PRGN SRR the achfor ﬁ&%a%cgﬁ%ﬁm?wlstm e
Xl (arriveapplping @n RAdENEatioh curreflf %6 e B0 Yor" tﬁlgn%%%ﬁ?@elih&)g ctegf%ﬂ&{qt%ﬁhe

the actuator will stop and settle; means for ap R arm
current tactuiter carid asdeniblp; Phedns fof aéonﬁﬁﬁiﬁg fo? ﬁ@&fe‘?{n‘ér@x ea&tp P%thpgia%er
assenbly; neans for continuing to accelerate the actuator art

exceedi ngexdeedingrthe contervative olelaityYprofi: ithéns THRASPITRE FRLAEME _ﬂcufreﬁg i
decel eration current in saturation npde to decel erate the coi , hed orh
det er mi ni $RurAtion made o decdlerate thé ceily nems fayddatnghmg{u m?ﬁtel;b;sg@g?gérll %}ir[]l(‘)'%i t he

when the velocity of actuator armdue to
curront i B BHETIEHRiAE Tl PORHODE the actiatht armiwhe et wlooltyl fbacklat/ Yo dus to

. : o e 1410’ &) . he
' vel ocity against position profile; and means f_f:o_r adj usting t
f ?Rzegrawgﬂeﬁehﬁa‘e‘tﬁ/ CUHeG 0t the sagiration; maedet dshadthin amselectel] evald o5 gy r ent

' ' i ive) i t between.
X2 (ar v ve APty sfhi? pesifon Relpcamdymews for edising theagpeat which e
[ [ | | . ppar at us, for control I:_:i-'f'rf’fg t he novenent o
a0 act uaty rent T M GorP 1 b b Rt eSterafion dgrient i deblaraiors argnt in

5 ' )] b currentsto oi,] of an
E\FZ?‘? [ REirBort RSHE el K RitrfiRR ! i blfibeh X Yt R, . R 1 ofiive. BRI i ng:

; ' Ll -des| |.ocity
for sel&sdordifig 3o Y6Eariofttbr a8t bf BRSh{diidn MG i S'lrg%' LR aet vt
ggggcszi ated with thegdegi red targat pOSI t | on" lrlnaa_-:r:]g l?gwg ?}‘}ﬂg’%“s or

accel er atdootrollingrthe timdveniehe of an lact@htok Qﬁn%&ﬁiﬁi&ﬁ?h dist &Hvet, Qhe actuator arm

assembly movement being controlled by controllil_:lgzj:tﬂé current to a coil of an electrical

,motor'i associated with the actuator, said apparatus comprising: means for selecting a
desired target position, and desired targe 'é:"%\:;élocity associated with the desired target

position; means for applying an acceleration current to the coil of the electrical motor to

eans for determining the position of the actuator
arm assembly .and. the distance of e actuator arm assembly from the target position at a

] plurality of sample times; means %or determining the velocity associated with each of the
positions of the actuator__.gfiﬁ";assembly ét each of said plurality of sample times; means
for determining a mmnnum distance to decelerate the actuator arm assembly by applying
deceleration currentm saturation mode, from the velocity associated with each of said
plurality of sampletlmes to the target velocity; means for comparing the determined
minimum dlstance, to the distance of the actuator arm assembly from the target position
for each (_)‘f‘f.é'é.l.id plurality of sample times; and means for applying deceleration current -
operggihgfm saturation mode to the coil once the determined minimum distance is within
a sb:lécted amount of the distance of the actuator arm from the target position for the



accel erate the actuator arm assenbly; neans for determ ning the position of
the actuator arm assenbly and the distance of the actuator arm assenbly
fromthe target position at a plurality of sanple tines; nmeans for

determ ning the velocity associated w t;g each of the positions of the
actuator arm assenbly at each of said plurality of sanple tinmes; neans for
determ ning a mninum distance to decelerate the actuator arm assenbly by
appl ying decglazorling o still fanthet: Bspest bf el BlertlofCHhere” B8 BiddMssed U RietHod for
associ ated w thegach~of 'sai'd plurality of "sanpl e tinmes to the target

vel oci t y;contralhing fthe movemeant oftan dutuatert &mninnediskidriveLie Abmbof @em hévdmhént

di stance of the actuator arm assenbly fromthe target position fer-each of
sai d pl urbging: onsrolled hy energyrsupplieddtona avnsorf associqsed withy tideanthatomarnon saidr r ent
operati n%étg%fatur ation node to the coil once the deternined mini num

di st ance FOMPrising dhe-stepyiofi ndeiarmining: ; eonservative veloeity Hepesitiompuofilar m
fromthe target position for, the particular sanple _time until reaching the

desired % §fiy actuator axm; Acgelprating e jacfuates ATRE O A< HEst tpositionrand apcaetyadn

there is _dj osed t for controlljng the novenent:of an actuator arm
nen i < RelgPftye e el S Ry aBkocTiR bR ek Do e meboraii et
supplied ' ' . armqsal . nethod ¢ rising
t he st epstlrl %f @e?é%dé?%%%@%gﬁt%& g’(;ﬁ%\énel% \?%: irb\?)éﬁ\(}iel:igé:o?avgtt&%%g?qs%’ﬁnﬁ? Xﬂ%f: for
t he act ug Yosii I | t b Q- £ | L d an
actual vel %(E:)lsl?i?m grﬁgrﬁciﬁgﬁéc\g%r%gﬁ ?flsadség%gra%ggl émg?tﬁn{"h;els#l?@és)t% tﬁo%'ll&? ﬁ@n
bei ng_ s ulpekicio ilidly isOwRBinal piddBRriiied et Honta%REHE Rk ho dbiilerhlibR !
posjtion according to the conservative velocit:*tto position profile; and
decel er afin saputatienanodeateduciag thé actaslt velediiyuRsotimed Withaths R6eAdARSBitidrOfd Mhi ch
is wthin a predeternmi ned distance froma_.désired track, the ‘deceleratio
value within a selected amount of the velocity according to the conservative velocity to

position profile.

DESCRIPTION O FERRED EMBODIMENTS

In order that the invénq__,o_lé;_ ‘will be fully understood preferred embodiments thereof
will now be described byway of example only, with reference to the accompanying
drawings in which: .. |

Fig. 1 is_gn.fé;iploded view of a disk drive;
Fig. ._2 1san exploded view of the actuator arm assembly of a disk drive;
U | Fi_gf.:l 3 is a schematic diagram of the actvator arm and the voice coil motor and

“other portions of the positioning apparatus for the disk drive;



in saturation node reducing the actual velocity associated with the second
position to value within a sel ected amobunt of the velocity according to the
conservative velocity t position profile. DESCRI PTI ON OF PREFERRED

EMBODI MENTS I n order that the invention will be fully understood preferred
enbodi ments thereof will now be describéd by way of exanple only, wth
reference to the acconpanyin drawings in which: Fig. 1 is an expl oded view
of a disk drive; Fig. 2 is an expl odm of the actuator arm assenbly of
a disk drive; Fig. 3 is a schemtic of the actuator arm and the

\(;?!sﬁedfﬂlg rm&ep&nm %rhé‘&num ﬁggﬁ?eﬁl&ﬁ &Oéd p&%éxﬁprtﬁd 9r aikipe

or contro ngt e nove of .an
actuat or grifeomhe famhwr la&néhsﬂinﬂﬂy gigvéRent BngdGdntdlIEd b§ CORPRSIRE Rl cUFRIB B Nt
bei ng control | ed by controlling the current” to a coil of an el ectri:xcal

nmot or assaagoilt efl anieldetridad nastdrl associated awith Mivd Aettat6qgaid meftsbd b@mﬁﬁﬁﬁg thé :
selecting a desired target position, and desired target velocity associated
with the etepsofd target position; applying an accel eration current to the
coil of the electrical notor to accelerate the actuator arm assenbly;

det er ni ni ng t Beleqstng a idesireds targed pasitiont and éﬂsmmnbmloat)dassbea&dswnhdhe of

t he

desired target position; |

applying an acceleration current to the coil of the electrical motor to accelerate the
actuator arm assembly; o

determining the position of the actuator arm assembly and the distance of the
actuator arm assembly from the target position at a plurahty of sample times;

determining the velocity associated with each of- .the positions of the actuator arm
assembly at each of said plurality of sample tlmes |

determining a minimum distance to _eéelerate the actuator arm assembly by

applying deceleration current in saturathp’:'mode, from the velocity associated with each

of said plurality of sample times to th
‘comparing the determined um distance, to the distance of the actuator arm

assembly from the target positioﬁ or each of said plurality of sainple times; and

Y, applying deceleratlon current operating in saturation mode to the coil once the
“determined minimum dlstance is within a selected amount of the distance of the actuator
arm from the targqt_;posmon for the particular sample time until reaching the desired
target. | o
2. The method of claim 1 wherein the step of selecting a target position comprises the
steps of: o

_d'eféfinining the desired position where the actuator will settle and stop; and




actuator armassenbly fromthe target position at a plurality of sanple
tirmes; determining the velocity associated with each of the positions of
the actuator arm assenbly at each of said plurality of sanple tines;
determ ning a mninmum di stance to decel erate the actuator arn1assenb|y by
appl yi ng decel eration current in saturatBon node, fromthe velocity
associated with each of said plurality of sanple tinmes to the target

et uatof | 4 m oie R or SEHEL 2R, P hiofitog e bitfadies pfiRe ey ,

of sanple debél@n% Hehcapl Eirydéﬂlgasgéﬁﬁlggﬁ%ﬂu%oﬁ 2 eQRRaRE R Valuee b el on

node to the c0| once t etermn mnimumdistance 1s wthin a selected
amount of cufentirfd @iCRsifantd)e actuator armfromthe target position for the
particular sanple tinme until reaching the desired target. 2. The  met hod of
claim 1 wher eiThetthethed op claim Qefuethér cuanpirisingr theksteposf:t i on conpri ses the steps
of : determning the desired position where the actuator wll settle and
stop; and sel genérayng apoeiseivative. velovityragainst pasition quefilef assomiinge whesti casd
posi tion. 3. The method of claim 2 wherein the step of deternini ng

t he m ni meenditionsifaradeceleration) andat e t he actuator arm assenbly in saturation
mode is estimated fromvalues of coil current and coil _resistance. 4. The
met hod of cl ailRlleWing: theeponseryptive ivilpcity cagainsp position quptilea betwpen the target

conservati ve, vel oGi ai,nst, .position profile assum n ‘Wor st case
pog' tion an they des%ed posmg P , g

5. The method of claim 3 wherein the deceleration assoc1ated with the step of

generating the velocity against position profile for deeeleratmg the actuator arm assembly

is determined from the following formulas:

X 2(prese1_;tf)’-:z:-; X2(target)?

(min) = X1(target) +slew 2% ACC

+ ADJ

Where

X1(min) - minimum dlstance needed to slow the actuator to a given target velocity.
units-track A value of pos1t10n 1s read from the file once per sample time.

Xl(target) - target posmon where target velocity is expected. units-tracks

X2(present) - present ve1001ty umts-tracks/sample

X2(target) veloc1ty desired at target position. units-tracks/sample

slew - correctlon factor to account for current slew rate. units-tracks. Formula for
calculating slew 1s |

slew = X2(present)xS

Where

S'-;.'— number of samples that it takes to reverse the current from acceleration to

’deeeleratlon ‘units-samples



conditions for deceleration; and followi ng the conservative velaocity

agai nst position profile between the target position and the desired
positi-on. 5. The nmethod of claim 3 wherein the decel erati on associ ated
with the step of generating the velocity against position profile for
decel erating the act uator arm assenbly 4 determined fromthe follow ng
formul as: X1(m n) XI(target) + slew + [err] Wiere X1 (mn) - mni mim

di st ance needey o-f_--- e AGE Lidl ven target v cit
uni ts-track A’\% ue o gyp%&?l on I (R'rheng? %Jﬁ’}ét 'q%é“&?‘gféﬁﬁé‘?ﬁ‘%zarrpl e_'-t i me.
Xl(target) - hﬁﬂg@he@q@cellpaetgﬂﬁhgdyﬁpget velocity is expected.

units-tracks X2(present) - present ve city. units- tracks/sarrple X2(target)
- 'velocity desired at target position. units-tracks/sanple slew™-:-

correction factor t @+ acER) gdf]g)” I rate. units-tracks. Formul a
4 o

for cal cul ati mMCEl=e w—;—&—ﬁenp——)%&ﬁiﬁgﬂ@ere S - nunber: of sanples

that it takes to reverse the current from acceleration to decel eration.

uni t s- sanpl es ACC - accel eration avail abl e during decelerate phase.
units-tracks/ sanple[err] and, where ACC is determ ned from [ ERR] Were
Where ok

Kt - Torque constant. units-Newton-meter/amp__'*'fi-I'ii"'ﬁ'Newton=1 Kilogram-

meter/second?

Lhead - Distance to servo head. units-meters - i
TPM - Number of tracks per meter. units
T - Sample time. units-seconds/sample
J - Moment of inertia. units-kilogram'x' meter?

Ipeak - Peak current capabile of g delivered by the power supply. units- amps.

Formula for calculating the peak curr nt is:

Vsup S
Rcoil + Rdriver

Ipeak =

Where L
Vsup - Po‘:yeflj‘fsﬁpply voltage. units-volts
Reoil - ReSismnce of voice coil. units- ohms
Rdrlver- Resistance of all other elements in the system (eg. voice coil driver
FET's when fully on, current sense resistor, flex cable lead resistance, etc.). units- ohms
. ;bemf - Current available during deceleration due to the back EMF of the moving

voice coil. units- amps. Since the coﬂ slows down durlng deceleratlon the current

--Therefore the average Ibemf could be



Kt - Torque constant. units-Newton-neter/anp 1 Newon= 1 Kilogram

met er/ second2 Lhead - Distance to servo head. units-neters TPM - Nunber of
tracks per nmeter. units- tracks/neter T - Sanple tinme. units-seconds/sanple
J - Monent of inertia. units-kilogram x rreter[err] | peak - Peak current
capabl e of being delivered by the power 28upply. units- anps. Formula for

cal cul ati ng the peak current is: [ERR| V\here Vsup - Power supply voltage.

uni t s-vol . Si. St f LS. Rdri ver -

Resi stancr(?eﬁs(l)1 - aI g{l@@ﬁ% %ﬁ?‘?{,@ I??{Rt ﬁ e 3’1”gﬁﬂc8ﬁ “H?I?%rth?ET'
when full &&l[“% resi stance, ‘etc
units- Oh?}({gﬂﬁiﬂ)%lgeeg?lﬁlggf?%r{/al | tlc]i%rl ngﬁgec&feﬁggl on due to the baZ:k

EMF of the noving voice coil. units- anps. Since the coil sl oS . down during

decel eration the curyepire@din gPL&dgom t he back EMF goes down.:- ‘Therefore
the average | Bbemf & Um-gtbfymﬁeé?to equal one half the Ibenf avai |l abl e
at each sanple that we co @t he X1(nmin) value. Formula for calculating

the back EMF current is: [ERR] Wiere Ke - Same val ue as Kt but units are
Vol t s/ radi an/ second Kenf - Calibration factor to convert unlts of nunerat or
to volts. Wikgef ornul a for

Ke - Same value as Kt but units are Volts/radian/second ke
Kemf - Calibration factor to convert units of numel'at_o.fl;"ftgvolts. The formula for

Kemf is:

1
TPM x Lhead x T

Kemf =

6. The method of claim 5 further inc} dmg the step of measuring the coil resistance

prior the each seek.

7. The method of claim 6 fur___i;};ﬁét-”’comprising the step of measuring the coil current
| during the acceleration phase ofthe seek at least twice to determine I(delta).

8. The method of c1a1m7 ;vherein the velocities associated with the position of the

actuator arm at the begmnmg and at the end of 1(delta) are used to determine the change

in velocity, X2(del.t.g);;_'§;\d.11e to the change in current, the values of coil resistance, I(delta)

and X2(delta) usedm 'the following formula to estimate the torque constant:

_ - Reoil + I(delta)
X2(delta) x Kemf

said ‘torque constant used to estimate ACC, which is used: to generate a velocity to

position profile for the deceleration under saturation mode. - .



Kent_ is: [ERR] 6. The nethod of claim5 further including the step of
measuring the coil resistance prior the each seek. 7. The nethod of claim
6 further conprising the step of nmeasuring the coil current during the
accel eration phase of the seek at |least twice to determne |I(delta). 8.

The method of claim7 wherein the vel oc28ies associated with the position
of the actuator armat the beglnnlng and at the end of I(delta) are used to

det erm ne the rRhangde e vel-oglty.. elta) due. to the change in current,
the val ues of THGHE r} g Qe &Pinpis la&ahwmaata) used in-the foll oW ng

boti e /Cic‘?;s L 33#51 ﬁ‘?fel@gﬁ%@ B ”eﬁfg%?’tsﬁ‘%g? oL
the decel phainnfi cHftefy, mﬁlﬂiﬁ%ﬂ@%@i@ﬁg theac%ﬁeratlzﬂ%uff@ﬁmqhé)gof a%‘d( ex) and

further conprising t hé steps o € nmaximum curren

the vel ocity esinampaQstaRpusify ! (DR, I(pER)Bbed MY bkintd kﬁéﬂ@d he
accel eration current to the coi and estl mating I'(peak) using| and
X2(max), fefmenlgenérating te wtedbcﬂgttblmﬁlﬁoﬁbﬁ)ﬁ@éic termin generating the
velocity to position profile: [ERR] 10. A nethod for controlliing the
novenent of an act uat or armassenbly in a disk drive, the actuator arm

assenbly nove bei g{g hjag)ixﬂy xKupifr ol 1ing the current to a coil of
an el ectrical =4 "'a [ i uat or, sai d met hod conpri sing

t he steps of:

10. A method for controlling the movement of an actuator arm assembly in a disk
drive, the actuator arm assembly movement being conu'glléifl”by controlling the current to
a coil of an electrical motor associated with the actuator, said method comprising the
steps of: : o

generatmg a conservative velocity agamst posmon profile for decelerating the

m"‘:assembly will stop and settle at a desired

actuator arm assembly so the actuator
position;
selecting a first position,___f_Xli(arrive max), from the desired position where the

actuator will stop and settle

selecting a second pos1t10n Xl(arrive min), a number of tracks away from the
desired position wh_e;e_ __the actuator will stop and settle;

appiying an"‘aéééleration current to the coil of the electrical motor to accelerate the
actuator arrr__;_ assembly,

' contlnulng to accelerate the actuator arm after exceeding the conservative velocity

proflle

]

" applying, deceleration current i ation mode to- decelerate the. coil;?



generating a conservative velocity against position profile for _
decel erating the actuator arm assenbly so the actuator armassenbly wll
stop and settle at a desired position; selecting a first position,
Xil(arrive max), fromthe desired position where the actuator will stop and
settle; selecting a second position, Xl@rrive mn), a nunber of tracks
away fromthe desired position where the actuator will stop and settle;

| yi ng an acgel.etratior crrett cthescoil -of t.he.electrical npotor to
Zggerergte théfgé ) rhé 1 E # by dls “%%gﬁ&@sm%fﬂlﬁ@c%@%tor

deceor ot Fon ok 8 ‘t’a&@o?‘ﬁr ti‘?ﬁétxﬁ{sa@et C'ﬂa%é%eger%ﬁ@ eifeeh it saturation
det er i ni Rgodd ik Riiften RSl Yalue |>6t1= Sﬁll?e(r) édng%u@éoﬁ?&a&&@&ﬂn%&pgmo@ é}c‘x&ﬁ' %Bg? T on

t he actuator arm when the ve

current int h%d_fv.ﬁhhﬁ dlid Gfhe®R0Which the fcﬁi‘r@ntamsﬁh%tﬂeg §6§kdﬁ‘§d Frorh elFratlon
conservative velocity against position profile; justing.t

whi ch t he carrenters debelttation Qdurreind ifiVdabirish fmicl® aee!RI@EHRY) BUAGEBbtwetn
decel eration current in saturation node when Xl(arrive) is-not between
X1(arri ve Xii(ariveminkagdiXiliareivemnax). 11. The nethod of claim 10 wherein the
m ni num decel eration associated with the worst case conditions is used in
the step df. géfﬂ?érla@ﬁhn@ of Jains dOvetherein thel miuiimyma dedelesatiquoassociatedpwith i the .
12. The met hod of cI ml() wherein the tinme at which .the current in the

at

coil is sWASHEASe COBHHIQRY & Biedt nothe Stapr ehgenesatingce |cemvaswecwmimm against
saturation rradep}osﬁldel ayed
(%

12. The method of claim 10 wherein the time at wh1ch the current in the coil is
‘switched from acceleration current to deceleratlon current in saturation mode is delayed
when X1 (arrive) occurs before X1(arrive mm)

13. The method of claim 12 wherein the tlme is delayed by one sample time.

14. The method of claim 10 whg __ m the time at which the current in the coil is

switched from acceleration currgnf'f-'ff'fa deceleration current in saturation mode begins

sooner when X1(arrive) occurs fror X1(arrive max).
15. The method of clalm 14 wherem the time is incremented by one sample time.
16. A method for estlmatmg deceleration of an actuator arm assembly by a deceleration
N current in saturation’ _1___node, said method comprising the steps of:
measuring the resistance of the coil before the seek;
measurmg the change in coil current during the acceleration portion of the seek:
: determmmg the change in velocity during the acceleration portion of the seek;
mea_sunng the maximum current in the c011 during the acceleration portion of the
seek; and
determlmng the maximum velocity associated with the maximum current in coil

':’durmg the acceleration portion of the $eek,. L T T



when Xl(arrive) occurs before Xl(arrive mn). 13. The nmethod of claim 12
wherein the tine is del ayed by one sanple tinme. 14. The nethod of claim 10
whereirn the tinme at which the current in the coil is switched from
acceleration current to deceleration current in saturation node begins
sooner when Xl(arrive) occurs after Xl(&8rive max). 15. The nethod of claim
14 wherein the tine is incremented by one sanple tine. 16. A nethod for

estimati n era pan sact:uat of..arm-assenhl ¥ -by--a decel eration- .
current sat %ﬂg é rsl | WheTein b estiziate o fg 1y é{ﬂgﬁgsagff@ﬂ% dei ng
t he resi st. fore.the, seek; rreasurl ng the change in corl
current ddglﬂﬁgnﬁ?g&gg]@g%?goﬁﬁ%n%gqu% of the seek; determni ng the ‘change

in velocity during the acceleration portlon of the seek measuri ng:the

maxi mum current in the ion portion of the seek;
and det er m ni ngeiphe 2eEb /i Refch @) wi t h the maxi numicurrent in
coil during the acceleration portr]on of the seek. 17. The nethod of

claim 16 wherein the estimate of decel eration under saturation . node is
determ ned using the followng fornula: [ERR] where Kt - Torque const ant .
uni ts- Newtvgh nmeter/anp 1 Newton=1 Kilogram neter/second2:Lhead -

Di stance t"0"®rvo head. units-neters TPM - Nunber of tracks per neter.

uni ts- tracks/ Keter Torque constant. units-Newton-meter/amp 1 Newton—l Kilogram-
meter/second? o
.\/_ Lhead - Distance to servo head. units-meters o
TPM - Number of tracks per meter. units- tracks/meter
T - Sample time. units-seconds/sample
J - Moment of inertia. units-kilogram x
: * Ipeak - Peak current capable of b__eiiig'delivered by the power supply. units- amps.
' Formula for cé.lculating the peak currentls
Ipeak= Rcoilrilv-s;‘glreive; :
Where Vsup - Powéifr- :.;s:u.pply voltage. units-volts Rcoil - Resistance of voice coil. units-

ohms ‘ L
Rdrive'r:. - Resistance of all other elements in the system (eg. voice coil driver
FET's when fully on, current sense resistor, flex cable lead resistance, etc.). units- ohms
) Ibemf Current available during deceleration due to the back EMF of the moving

voice coil. units- amps. Smce the coil slows down durlng deceleration the current

"-.'avallable from. the. back . EMF goes down' Therefore the average Tbemf ‘could bé



T - Sanple tinme. units-seconds/sanple J - Minent of inertia. units-kilogram
x-meter[err] |Ipeak - Peak current capable of being delivered by the power
supply. units- anps. Forrmula for calculating the peak current is: [ERR]
Where Vsup - Power supply voltage. units-volts Rcoil - Resistance of voice
coil. units- ohnms Rdriver - Resistance @B all other elenents in the system
(eg. voice coil driver FET's when fully on, current sense resistor, flex
cabl e |l ead resistance, etc.). wunlts- ohms.. lbenf . Qurrent avallable durlng
decel eratlaéﬁﬁl;_-._ jotar gqualcons, Balf e Themf jaxailable Ak eachi & $ampls; that. wie; compyathe

Si nce the ‘gﬁ mﬁomn d r|n Iﬁéﬁ stl current avai | abl e 'ffom

t he back Uowhormyty ?% ) %EWP Boul d be assumed to
equal one half t he | benf avallable at each sanple that we conpute t'he
X1(m n) val ue. Fornuh?;for %algﬂlgélng the back EMF current is: . [ERR] where
Ke - Sane val ygemp € | t s/ radi an/ second Kenf -_Callbratlon
factor to convert” units of2xRmeiator to volts. The formula for Kenf is:

[ ERR] wherein, the torque constant, Kt, is estinmted using the neasured
coi |l resistance, neasured change in coil current during the "accel eration
phase andvaﬁkgrnined change in velocity according to the‘follow ng fornula:

Ke - Same value as Kt but units are Volts/radian/second%_g_:_i_.f_i}_:-_-;___
Kemf - Calibration factor to convert units of numeljatéi": to volts. The formula for

Kemf is:

1

K = .
emf TPM x Lhead x T

wherein, the torque constant, Kt, timated using the measured coil resistance,
measured change in coil current during the acceleration phase and determined change in

velocity according to the followmg formula:

_ Reoil +1( delta)

and, wherein, the peak current, I(peak) is estimated using the measured maximum .
current and !_tlfié-':‘i"ietermined maximum velocity for the acceleration phase of the seek,

according to 'fhe following formula:

ax) x Ke; xKemf e e o E
S Pl




[ ERR] and, wherein, the peak current, |(peak) is estimted using the
neasured nmaxi mum current and the determ ned maxi nrum vel ocity for the
accel eration phase of the seek, according to the followi ng formula: [ERR]
18. The method of claim 17 further conprising the step of neasuring the
coil current during the acceleration ph&8e of the seek at |least twice to
determne I (delta). 19. The nethod of claim 18 wherein the velocities

i oWk the posit bon.-af-.the actugt.or:-arm.at;.t he beginni ng and at
associ at eqs\__m_( t-he ROS f}ot e actugt.or-:arm.at; | e.g aﬁ n% nd ¢

the end oftSt(ddierasthad of gl : CAMPESIng the. $ep HE measuring, thecpil current

Pt L g s ol PR b S b ke e RS L 20T e
constant : 1pERhe! AEMHE of MthATH wiiSRth 1 ViR Bedidied With e IpReiiof b e

generate a velocity to position pro i OR

sat ur at i orctiae ardGit tHdbegimiil® dndht tlhl(efnlf,'g;m)o? T(delth) 418 rus.E(P P ldtSiniidle tHE SRS

of : measuring the maxi mum current, and t'he velocity corfespondfng to
nmaxi num cun velotity XX2(deiy), \doe ke tirnghalige i dubnf ek valned d)pébipt&ﬁfsﬁﬁ&e’tmdélﬁsr
coil; and estimating | (peak) using | (mx) and X2(max), | (peak) 1s used to
estimat e @ahe XRGdeltad used m the fiellowing formiuta toedstimiateytht corgos conseme:pr of i | e [ ERR]
21. An apparatus for controlling the novenent of an actuator arm assenbly
in a disk drive, the actuator arm assenbly novenent bei:fig controlled by
control ling thg cuRceilt:fi{delm)coi| of an electrical notor associated with

the actuator, “Sal grREERE)3L Kemf Opr i si ng:

torque constant used to estimate ACC, which is usedto generate a velocity to position
profile for the deceleration under saturation modg_'._l"l-_;'}
20. The method of claim 17 further compnsmgthe steps of:
measuring the maximum current, (max) and the velocity corresponding to
maximum current, X2(max) while appl the acceleration current to the coil; and
estimating I(peak) using I(ma;;).-aﬁd X2(max), I(peak) is used to estimate the ACC
term in generating the velocity toposmon profile:
. I(peak) =1 (max? | +X 2(max3{>; o]fje x Kemf

21. An apparati:j_s'f.ffbr controlling the movement of an actuator arm assembly in a disk
drive, the actuator arm assembly movement being controlled by controlling the current to
a coil of an_: electrical motor associated with the actuator, said apparatus comprising:

| means for generating a conservative velocity against position profile for
deéélérating the actuator arm assembly so the actuator arm assembly will stop and settle

‘t a desired position; <+



means for generating a conservative velocity against position profile for
decél erating the actuator arm assenbly so the actuator arm assenbly w ||
stop and settle at a desired position; means for selecting a first
position, Xl(arrive nmax), fromthe desired position where the actuator wll
stop and settle; neans for selecting a gsecond position, Xl(arrive mn), a
nunber of tracks away fromthe desired position where the actuator will
stop and settle; neans _for _applying an acceleration current tq the coil of
the el ectri cameams for. selectisiged dirst positiaf, nX1 (@enive nikk froge s glesivedapesition
continuing to accelerate the actuator arm after exceeding the conservative
vel oci ty phere the aciyator ill §1op40d spttlesy decel eration current in saturation

d d I .th il far. d hir Lt ion
e e el JERRP oot KEGHIL B MR R ey

| oci f ; : ' ent in the s i
veloc ) AR B GE SRISEUL A S st 1 7 e et
fﬁz ! f:'ofln Pgogﬂeﬁmgﬁd?mﬂgc%g%g?féfﬂ%'&lgfehmo e Boiflof Whé Eleckrital TSthe® 1 N

lon current to deceleratton current in

saturatiogc&m&e%@&ﬁgtéﬁmmmbg.not between Xl(arrive min) and Xl(arrive

max). 22. An apparatus for controlling the novenent of an--actuator arm
assenbly in anafk ok ¢entiduisy oot Yotdérarr theSatudidry arby eiftent ekededing the
controlled by controlling the current to a coil of an electrical notor
associ at egomeivativb gelocity ptafile; sai d appar atus conpri si ng: neans for
selecting a desired target position, and desired target velocity associ ated
means for applying deceleration current in saturation mode to decelerate the coil;

means for determining a third position, Xl(arrive)._.by' determining the position of

the actuator arm when the velocity of actuator arm duetothe deceleration current in the
saturation mode is within a selected value of thg;; é)‘ﬁServative velocity against position
profile; and : o

means for adjusting the time at w J:li":':the ‘current in the coil is switched from
acceleration current to deceleration current in saturation mode when Xl(arrive) is not
between X1(arrive min) and Xl(arrlvemax)
22. An apparatus for controllmg .the movement of an actuator arm assembly in a disk
drive, the actuator arm assembly movement being controlled by controlling the current to

A a coil of an electrical motor associated with the actuator, said apparatus comprising:

means for selectmg a desired target position, and desi;ed target velbcity associated
with the des1red .'téﬁ'get position;

mea_;‘isfér applying -an acceleration current to the coil of the electrical motor to
accelera'té?the actuator arm assembly;

'- means for determining the position of the actuator arm assembly and the distance

“6F the Sctiator 4t asserbly from the tiFget position at a plurality of sample times; *



with the desired target position; means for applying an accel eration
current to the coil of the electrical notor to accelerate the actuator arm
assenbly; means for determning the position of the actuator arm assenbly
and the distance of the actuator arm assenbly fromthe target position at a
plurality of sanple tines; means for 3eterm ning the velocity associ at ed
wi th each of the positions of the actuator arm assenbly at each of said
plurality of sanple.tigpes;.neans.foy determ ning.a mnpinumdistance to
decel erat e t hdneans fof setermiping dhe, F@W%%@“ﬁe%ﬂaﬁ&?wwpﬁe?ﬁ&en
saturation e, fromthe | ocid V. ASS0Gi a Wi ch of said plurality
of sanple atcﬁ.}%gog g qsﬁeénlf Xﬁgg?c%%ﬁ%&qa@&?%éﬁ%@é% Blé%?rfpari ng the deternined
m ni num di sta i - Fﬁ:aﬁ&t' R Nardol L0

t ar get pOSitigfl’il o?&eg{iﬁr%ﬁlgga{]%%g&&#a Ity %aésegér%\ade tl%ﬁ@g&ﬁiﬁ: n%z%lléﬂ or
applyi ng dgCebityitli @eleHiibR ur@RP b SirfhribR del! TR e VEIBEItS GsdobudbithonCe
the determ'™n imumdistance is wthin a sel ected amount” of -the di stance
of the actdigh of sid Plirality ofiR@mpRy tiifiés Qhe tirgdt velucityne particular sanple tine
until reaching the desired target. 23. A nethod for controlling the
nmovenent of anmees ufet womparing nthe détesminkdi minimnhe distincet & the distamee nofnthe

bei ng controlled by energy supplied to a notor associated with the actuator
arm sai d achtabrdirmoassernbly frpm itle targep position fhsteachhvhiaid plurality nf semplevtimes;
velocity to position profile for the actuator arm acgelerating the
actuator @hto a first position and an actual vel ocity, the actual

vel ocity associated with the fi [st .posi tion being .substanti al Ig gr at er
than the vel odpeaps for applying deceleration current operatmg in’ saturation mode to the coil

once the determined minimum distance is within a seleptéd"'émount of the distance of the

actuator arm from the target position for the partlcular sample time until reaching the

desired target.

23. A method for controlling the movement of an actuator arm in a disk drive, the

actuator arm movement being controlléd by energy supplied to a motor associated with

the actuator arm, said method comprising the steps of:

determining a conservativ

elocity to position profile for the actuator arm;
accelerating the actu; or érm to a first position and an actual velocity, the actual
velocity associated w1ththe first position being substantially greater than the velocity
~ associated with t__héfﬁ:'ffirﬂst position according to the conservative velocity to position
profile; and -
decel_:e:;éfing the actuator arm in saturation mode to a second position which is
w-ithin:a’i)'i"eldetermined distance from a desired track, the deceleration in saturation mode

re_dju_éihg the actual velocity. associated with the second position to a value within a

“selected amourt of the velocity ng to the conservative velocity to position profile.



associated with the first position accordlng to the conservative velocity
t'o position profile; and decelerating the actuator armin saturation node -
to a second position which is within a predeterm ned distance froma
desired track, the deceleration in saturation node reducing the actua
vel ocity. .associated with the second position to a value within a selected
anount of the velocity according to the conservative velocity to position
profile. A nmethod for performng &83%seek operation in a disk drive (10)
using current in the saturation node to accel erate and decel erate the
actuator arm (20) is disclosed. |In the first enbodi nent, several
measurenents are made during the accel eration portion of the seek to.

hetg IAEHAR ATUS HOR PERFORMENG A SERIEccond
thé point at which the current is swtched fromaccel eration
current to deceleration current is adjusted based upon:t:he position where
the actu URBRTRACH (20) comes within a desired anount -of the velocity of a
vel ocity proti e assum ng worst case conditiongy:t

A method for performing a seek operation in disk drive (10) using current in the saturation

mode to accelerate and decelerate .the “actuator arm (20) is disclosed. In the first

embodiment, several measureg;}gﬁts are made during the acceleration portion of the seek to
estimate the deceleration- -aiféllable in saturation mode. In a second emodiment, the point at
which the current 1s sw1tched from acceleration current to deceleration current is adjusted

based the posmon where the actuator arm (20) comes within a desired amount of the

velocxty" of a veloc1ty proﬁle assunnng._- rst'case condmons

::':?Flg 3




