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THE | resent -invention relates to spindle notors of disk
drives, andggoenee particularly to a spindle notor controller for head
| oading in disk drives. BACKGROUND OF THE I NVENTI ON Di gital data storage
conventionally utilizes disk drives with totating rigid disks. Technol ogy

i nprovenent s 496D i R 6] i of
di sk drives whi gdrﬁedum tﬁgg 15 ﬁ%ﬁiﬁﬁb?&g‘%ggﬁmgﬁ 12(29{ mﬁif%
i nprovenents, even greate § ﬁﬂ%| curately
controlling the speed of the spinning disks. Normally, an attenpt is nade
to maintain the spindle notor speed of the drive at a constant velocity

t hrough application of a steady-state current to the spindle notor with
sonme associ ated feedback correction in the formof a standard control or
servo loop. Figure 1 illustrates a classical spindle speed control |oop. As
shown) a proportional integral digital controller 10, usually in the form
of firmvare, sends a control output signal to a digital-to-anal og converter
(DA 12. The D)A 12 translates the control signal into analog formfor
input into a notor predriver 14 that utilizes the signal to adjust the
speed of 0 2 AU G 2002 -2the spindle nmotor 16. The speed of the spindle
notor 16 is sent fromthe notor predriver 14 as tachoneter pulses that are
counted by a digital counter 18 to determ ne a frequency of the pul ses that
provi des a neasurenent of the period between the pulses to estimate the
speed of FERLBEORIREEMMVENTBONThi s nmeasured speed signal is then
subtracted froman input reference signal that has a constant period to

provi de a speegh&pre@éntSh@nbbn relates @ngleeﬁlbaﬁs &f &iflalriVés, Hhi o€ Padcularl
feedback in the digital controller 10 to adjust the spindle notor speeg

proportiqgpal 18 Bt sesinf d di ydie spindle notor 16. A
recogni zeg pstp(i)rg‘ emin m. gfrir?rg?gﬁ agp%ogxggelﬁs I%Iﬁaem%egr ce of drag that results
fromthe interacti on between the head of the drive and the air that

circul ates around the disks as the

BACKGROUND OF THE INVENTION

Digital data storage conventionally utilizes disk drives with rotating rigid disks.
Technology improvements have tried to increase the storage capacity and accuracy of disk
drives while reducing the weight and power consumption. With the improvements, even
greater emphasis has been placed on accurately controlling the speed of the spinning disks.
Normally, an attempt is made to maintain the spindle motor speed of the drive at a constant
velocity through application of a steady-state current to the spindlc; motor with some
associated feedback correction in the form of a standard control or servo loop.

Figure 1 illustrates a classical spindle speed control loop. As shown, a proportional
integral digital controller 10, usually in the form of firmware, sends a control output signal

to a digital-to-analog converter (D/A) 12. The D/A 12 translates the control signal into

analog form for input into a motor predriver 14 that utilizes the signal to adjust the speed of
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disks rotate at high velocity. Some systens, such as those described in
‘U.S. Patents 5,473,230 and 5,592,345, attenpt to overcone the mq %U@‘ gﬁgzg
during head positioning. These systens, however, base their conpensati
according to a location or zone of the disk over which the head is
positioned. Wile seem ngly conpensating-for drag during head positioning,

a probl etesdpirdle ftcit1. AhetsPeed ftheBpindldendtents issehORe@dhe idtsEpreddval ag
torque on the spindle notor increases, which decelerates the notor. In a

hi gh vel agiabNordétey puldds tat Bt EHRIE! BY AltipRhBcdiiter THIth UPlefn{te a0 e qulellt

) f
decel eration can be | arge enough to cause the notor,to slowto'a s%cée ®t hat

pecd cohtrd 1t PpBRERE meARTE kb dOudi ANyelttht dSlsea lq BuniiE BRGRec of n°

returning the spindle speed to an acceptahl.e value. The del ay causes an
i ncr easefe$P ks 160 iy Bgasuerd spaed signaliingiep subiEacted omawpnpvigrefgencs t he
not or speed recovers and can slow initial access to data during system
st art - upsignaléhatdyas r constantyperidd toprdvitglayspesvherron sgnabedibel speed 2y stgrat iand
met hod for controlling the spindle 0 2 AU G 2002 -3 notor speed to within

a speci f iglizddak Ecback tithe AgitaheortRaer | ®atddigst BicdpRsHe mdisr peegent
i nvention addresses such a need. SUVWWARY According to an aspect of the

present bmssmdngpmwgsﬁréd%ona isﬁ@éﬁfﬁrﬂf&gﬁpmﬁémﬁ)&ﬁ%b'e medi um corbi ni ng

programinstructions for controllfng spindfe notor speed during head

|l oading in a ¢isk drive ¢ r.ising: IL.nput.tin i_me-varvi.ng referenc
vel ocity prof {1%E %Y Qroglgﬁle’ﬂf? “hd‘égﬁm’%ﬁ 'géﬁle {OGCCC%tVrffrf%Thagbqsﬂhf foppihs,
speed; and feeding forward control signals sufficient to preconpensate for
drag dur mtﬁgavélqﬂebfgwmathp hgadkefthe deMeiandthe i thatsiichlales aneingrthe diskd aptheni n an
operating tol erance. According to another aspect of the present invention,
t her e i sdigkonotaiedt lkigh wsloeity. Some systems, such as those described in U.S. Patents
5,473,230 and 5,592,345, attempt to overcome the force of drag during head positioning.
These systems, however, base their compensation according to a location or zone of the disk
over which the head is positioned. While seemingly compensating for drag during head
positioning, a problem still exists at the instant the head is loaded, since the drag torque on
the spindle motor increases, which decelerates the motor. In a high velocity drive with
multiple platters and multiple heads, this deceleration can be large enough to cause the
motor to slow to a speed that is outside of its normal operating tolerance. Further, the
response by the speed controller to the unexpected load change also results in a delay in
returning the spindle speed to an acceptable value. The delay causes an increase in the time
required for the loading process to complete while the motor speed recovers and can slow

initial access to data during system start-up or error recovery.

Accordingly, what is needed is a system and method for controlling the spindle



for adjusting spindle notor speed during head |oading in a di skgtgiAg,G 12@@
system conprising: a spindle notor predriver for driving a spindle notor, a
| oad/ unl oad control unit for controlling |oading/unloading of a head; and a
feedforward controller for receiving a signal indicative of a |oad event by
the | oad/ unl oad control unit and for previ-ding a feed forward signal to the
spi ndl e notor predriver that preconpensates for drag in the spindle notor
during the | oad event. .Accordi t o anot her agpect .of the prese

Tventi on. ERBE eeed iR ey SPeReD AR U diens feginiBosss dhe eI
during a hgagentioadiigsRY Sith.a #d3@. system conpri sing: a ranp; a head | oaded
to/fromthe ranp; at |east one disk read/witten by the head; a spindle

motor for spinning the disk; at | easSUBMMARXtroller for controlling the

spi ndl e notor spe : I : hust i aLndl r
speed based on af&%@%@méﬁgftg}fe?%g%l?gé\%eghsg’?dggﬁ%ty}%Popwg %"ggr%‘té‘? and
a feed forwaadibomedinin sombmingdprogram andteationso foti coptrelimgt spimdiel motor speed

r. for the feed forward control signal during

f eedf d, c. i di
tﬁg hg;\c/ivalr d&‘ﬁ@%@tﬁ@l%ﬂ gﬁgﬂg\é:%égglgpgsmgr an expected drag change during

t he head | oadi ng iﬁpﬁﬁﬁlﬁgaﬂﬁ@[@}ﬁngfbfgﬁﬁé@&dlmﬁ@bﬁ]@%wnfOI’ the spindle
notor if maintained and an overall tinme required to conplete the head

| oadi ng event i s SElseiREYcONtOHST @i ceptrelopiithe Metor sBerss andf t he present
i nvention, there 4S8 ' td f : 0}l L{ad : ed
ﬂ:&m% ‘Pdé'\x%ﬁfi c@nga? dipflis’ QlrrceRt o *Jﬁ%ﬂ?{)éﬁh@ tof B QlrisPq

during head | oadi ng I sk drive conprising: In Ing a tine-varylng
ref erence ekdliadingmveritiand nedigtaml spindl@mptofsped2ictin an dperating toderamag. a

comt oLl et £, Lo aSlTpL, P SRSl Ll ISP

for adjusting spindle motor speed during head loading in a disk drive, the system
comprising:

a spindle motor predriver for driving a spindle motor;

a load/unload control unit for controlling loading/unloading of a head; and

a feedforward controller for receiving a signal indicative of a load event by the
load/unload control unit and for providing a feed forward signal to the spindle motor
predriver that precompensates for drag in the spindle motor during the load event.

According to another aspect of the present invention, there is provided a system
for providing spindle motor control during a head loading event, the system comprising:

a ramp;

a head loaded to/from the ramp;

at least one disk read/written by the head,

a spindle motor for spinning the disk;

at least one controller for controlling the spindle motor speed, the at least one
controller adjusting spindle motor speed based on a time-varying digital reference
velocity profile signal and a feed forward control signal during a head loading event; and

a feedforward controller for providing the feed forward control signal during the
head loading event to precompensate for an expected drag change during the head loading
event, wherein an operation tolerance for the spindle motor if maintained and an overall
time required to complete the head loading event is reduced.

According to another aspect of the present invention, there is provided a method
for controlling spindle motor speed during head loading in a disk drive comprising:

inputting a time-varying reference velocity profile signal;



head | oadi ng event and maintain spindl e notor speed within an operating

tol erance. Through the present invention, preconpensation for dl[}ig quﬁzmz
during a head |load froma ranp position in a disk drive reduces poten

for delay through a servo control | oop when achieving appropriate spindle
speed. These and ot her advantages of the present invention wll be nore
fully understood in conjunction with the3dell ow ng detail ed description and
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
illustrates a diagramof a classical spindle speed control |oop for

control ling spi ndEEchRg prondiodlgyto qﬁpggfgpngll@ motRrsperdednd t op vi ew of di sk
drive conponents fachl@RGrd 6:RP dfdls lffcieR R ¥REomPerialteRt drogdiAgy a
process. Figure 3 illustrates a diagramof a spindle hotor control [o00p in
accor dance had toading gyerisandtmaintasrpinsite motor sperdrwithin ay opereping tilerangst or

during a head | oagdi e t U - T | .PTI he
present inventi oﬁﬂ{rr% t\égrhr%sersltp?lﬁcgi‘?tgénﬁgggrgglg%%ar gﬁ%fﬁ‘lrhjiagg% ﬁgg%gag)ﬁl ngoa%a%ig
event. The lbad frowi BgaseSwisitiohi iam dsk plrveasivds tpoteaiable duey dirowghda sarvy
skill in the arf . to ke and.use the, invention and_js prqvided in the

Cont ext of GaL P R GBI ERRRP ST B P e P Esse il GSES AdSEPER AL ons
to the prefige pede@MAONIRNVIIRBE nidi€ fARY Ahié&rstebd riﬁ'c@h%ﬁcﬁé’rﬂwﬁﬁaﬁl@rfﬁﬁowing
descri bed herein will be readily apparent to those skilled in the art.

Thus, the pletaleddescriptian pathaqcempanyingde@idess-to be linited to the enbodi nent
shown but is to be accorded the w dest scope consistent with the principles
and features described herein. The present invention provides a system and
met hod to control the spBRIEF DIESCRIBFHAON OB THE RRAWIN(eRi fi ed t ol erance

or velocity profid.e duri. t he head | oadin rocess. [Referring n to
B gure s a bast Fifitgl dels ¢ GREAE Lol HRERRE s e sRASAE e ot ¢ he
drive i nvolgsagollinglpiddieanstor §rding process is illustrated. Included in the
conponents are a stack of disks 20 nounted to a spindle 22 driven by a

spi ndl e motor ( ndtBWREWHYstrafesadap Vieyn didkdrvFrcatenaris fehiding p saremiiabgied t o
lift the headsivid A ka8 Rolingprstisf ace as the .

Figure 3 illustrates a diagram of a spindle motor control loop in accordance with

the present invention for controlling a spindle motor during a head loading event.



actuator 24 (i.e., the armthat holds the read/wite head) travel s beyond
the disks' outer dianeter by way of the voice coil notor (VCN|DZGA%%¢‘Z
t he heads outside of the disk stack 22. At the end of each head/ suspens
assenbly is a lift tab 28 which engages a ranp 29, i.e., an inclined cam
surface positioned at the disk outer didaneter. During a head | oadi ng event,
t he head DETADLED PESORIPTIONT 29 to the disk 20. At the instant the head
is | oaded, the drag torque on the spindle notor increases. The invention
provi des a meaf gresehPiRERIITYR1atdd tB hpRdEhor E6HHJ1 Aurihg aHa&H eAth e@gﬂ{,ng
process such that nore precise control of the notor 1 s nmalntal ned. I'S
reduces I e . 5 20 -5required far t.he tor 1o hi eye o
mai nt ai ntT:Eg ggggp}glrngtcgﬁggh%flgsr rﬁg%ne u{°| e%'éblieﬁgeﬁggr lﬁl%rglg?' rllglnpr%%lgi%mﬁﬁ%la“
reduces the overal] ti requjred for the head | oadjng, process tq conplete.
In accor 4shthe WTW"PW@HE?@§ dip, therpoptsit o P%@ﬁf@?h&ﬁﬂ’%ﬁt‘%dﬂ‘éfem@t&
provi ded for applying a feed forward control signal to the spindle notor
duri ng t ivarieachddofaciitings evbepreférired greb@liment andrthe penesicgpinniples spdeatussnt r ol
| oop in accordance with the present invention that inproves the prior art

| oop showvssdribelihgieiewill bégeadipupparéiieo €9é Eldlled BOPe aRC I THIESha pfaesif or war d
controller 30. Preferably, the feedforward controller 30 is provided in the

form of §{JeqWBh & dmﬁﬁntieﬁdéﬁqb lbe q@ﬁ'?gdstt)?ﬁéjexﬁyo&iﬁlgﬁ@sh%ml ﬂngs fgrbetzﬁ@or%% thedl NCe

the drag change during the head | oadi ng operation can etermned, the

expect ed_drag _change. .can b sed. t o.,appl.y. t.he ropriate control to the
spi ndl e %9% S1¥% nf}?tggto‘ﬁ@éﬁ?ﬁr@cfpé?soﬁe}?efewgé%g%gﬁ’gg.heam'course, t he
expected drag _change is tuped for, the specific _change that occurs for a
particul ar serhG-DreCRGRVentiongyrayidas 2 system audimsthpd ta Centrelithe sripdiganotor
preferably provides a feed forward control signal that preconpensates for
t he expespeed tdvethic hapepfiethdraree or yeloortp prodide diriny thdieed liadimlgl processit put
signal fromcontroller 32 to produce the control output signal for

conver si Refdving hewb Figize D04 bas GlagRhesld t6pvieWdof theenébRhicsialontPdneits e

feed forward control signal occurs upon recognition of a head | oading event

occurring. %ﬁ?gé&lﬁ/f& irgﬂ@gll:&gloia&in?}b?oce%’ ﬁ%ﬁlﬁ&%&?ﬂ[ﬁ%h@%ﬁﬁ#ﬁ% 9(?@8 Otsr gk

unit 34 to orward controll'er 30. rward
controller, 30, -a.dightal f.erence. V. Git r of.i i.gnal  can he ,used for
ot er mi nf A5k of Biskh 20 btypt 3 B aRBEES T2 PV ba Bl Hitdi? e Bt e A B R
of the reference velocity profile, the |oading event is vjewed slot dust as
a step cmdea%wpa@nﬁabma%nasmleyeﬁfam@ﬁée%fm egh sk adrcedd sl oci ty.
The velocity profile therefore provides an 2g§ut reference vol tage signal

t hat al t actvaton@4 (izsg.othe arm tha2 holds thoead/»gite beasly trayels beyond thedisks'duter ng an
event, e.g., during a head load, in order to account for the effects of

head | oadianfet@yow s the @bide d6i inictor (VITM)) Dko park tlee heads butsiierdfitiesdisk t he
prior art technique just servos to the desired velocity based on the

cONSt ant ylyf 65 G Sl eql NS SEAMIP R 14 24 WhichTchERtes Alramp

| oadi ng an eedf orwar d. ook-up table Is a suitable nmethod of providi ng

the inforgation fof e _as the ref.eren ) [ profil wher.e e tines
at whi cn 29+ A P Bubsfnb SN B @R Gk aRndter, Bprifd el Rakid
determ ned in response to event rec%ni tion through know edge of the

machi ne §Yeiteheihead is moyed fram MefampPeDLthodisk B& drive-e, as is wel |

understood by those skilled in the art. Further, while the controller 32 is
shown as a si dglthe mistantiie hiead $silgaded, the dexgptarqueen the spindle motor increases.

The invention provides a means to couple the spindle motor control to the head loading

process such that more precise control of the motor is maintained. This reduces the time



controller logic my be used in accordance with the present in ti to
* proovi de one controller for head | oading and one controller forﬁﬁgrA&% 2[]02
reading and witing activity, i.e., the standard proportional integral
controller. By using two controllers, the notor performnce can be

optim zed for each case individually through selection of the appropriate
controller in response to a head | oadi n§-event occurring as indicated by

t he machi rquis¢dfor theShotoe té ichisear tndintgin itd operatingulerawe dusing die hendriedding
reading and witing often differ from head | oading, the use of nore than

one cont rglobess afdl t@lugesithe dVMAN LiRUEreQUREd for SHAMISRIINEpR c8dsite B nippder
control loop that nerely accounts for reading and witing wthout

ROCOha 19 Loy I RBG RN theedeft ARBLENEY SOAANMN LhRKIRES pIRGoP) P2

in the present 1nvention. présent 1 nvention een descri bed
in accordance w th the enbodi nents, shown,. qne of qrdinary skill .in the art
w1 LT onci iR e St DB sont floranat ung sbiodlFappiar fiyad s hend headiidievadt <
and those variations would be within the spirit and scope of the present

i nvent i ontigpechoristiges/a spindly spesdi dontrat loopdn pesprdsacermdid thy prasentanventitinrthaty

0 2 AUG 2f102 skill in the art without departing fromthe spirit and scope
of the appgtdes tht piiomart loof sRoWiFRABR]._gs sk, the cedtas] 1@sh insludks aA

conput er readabl e medi um conbi ni ng programinstructions for controlling

Spi Nl ¢ 1L Bror SRS LY, 0K BRIk e Bl i€ BALEH Dk foum

inputting a tine-varying re City pro e signa Ing a
controller.t0 control spindle or, speed: .and feedi.n orwar d contral

C onars Sufbrafyasiy Rl rsoRE b i SRRead the o b hiies g
and maintain spjndle notor speed within an operating tol erance. 2. The
program i e @F%@W@ﬁg ogeratipncan ke deiemaingd.dbs etRertcd daedRpRS Pk be pefd teapply

conprises selecting a first controller for use during the head | oading
event andths eppropiiatg cangeldtotie spamtle oldter 1 & torprecoenptnsite forrtbe dedg ehaadé.n@f and
witing activity.
course, the expected drag change is tuned for the specific change that occurs for a particular
servo-mechanical system. The feedforward controller 30 preferably provides a feed forward
control signal that precompensates for the expected drag change and that is combined with
the controller output signal from controller 32 to produce the control output signal for
conversion by the D/A 12 for motor predriver 14. The application of the feed forward
control signal occurs upon recognition of a head loading event occurring, which is signalled
in the system from a load/unload control unit 34 to the feedforward controller 30.
In addition to the feedforward controller 30, a digital reference velocity profile
signal can be used for determining a speed error in the spindle speed control loop. With
the use of the reference velocity profile, the loading event is viewed not just as a step

change 1 drag but as a more realistic change 1n the desired velocity. The velocity profile

therefore provides an input reference voltage signal that alters the target



3.  The programinstructions of claim1 wherein inputting a ti rNi
reference velocity profile provides a velocity reference si gngmtﬁAU@ZUUZ
accounts for head | oading, feeding forward, and a desired term nal velocity
of the spindle notor. 4. The programi gstructi ons of claim3 further
conprising providing a | ook-up table as the tine-varying reference velocity

profile. ®elodifover digieadh dutinpad @leNeg ORuriigod Hieall 164d, i 8Fdef @R¢dothfbr the

identifying initiation of a head | oading event by a | oad/ unl oad control

unit. 6. N ' el Al i ' | S

B A S B A A G SR L U

performed through firmiare. system

spi ndl e tor. speed duri.ng, head lLoadi.ng in,a disk drive, the system

conpri si H%?R'ng%“ﬁ‘gfe@'%f) gll)e %?588? ?’%8?’“?‘6%56‘69? encg?nétagb'ieﬁﬂfﬂécerfbg’@ﬁ input

| oad/ unl oad control unit for controlling |oading/unloading of a head; and a
f eedf or walihedacemtiag fepthe et afilonging andfaedionvadd c 4t lopk-upftablelinaguitabint by
the | oad/unl oad control unit and for providing a feed forward signal to the
spi ndl e nuedrodpf edrvidieg themforpration figrens as the réferende aiglocity prodile pilnatt ehenot or
during the |load event. 8. The systemof claim7 further conprising a ranp

coupl ed t@mthet WeieHAhEaBRAs 6QRESeAto bifdrithefterbnPrydileGle E&terni@ed in fesponse
| oaded/ unl oaded. 9. The systemof claim 7 further conprising at |east one

control | efy fRht REbHSE ' |
et er m ned SPRLANMSET LR BRVIEIEE of BedhacHRfN et 1.4 TS rhdecior ofhe
claim9 wherein.the at,|east,one cqntroller further adjusts based on an
i nput ref ‘é‘?b%éé‘%,‘é@b&ﬁﬁq%ﬁgﬁ’%%‘ .osi%’h%ﬁ’gt Y&tem of claim 10 wherein the
i nput reference velocity signal vanes over tine.

Further, while the controller 32 is shown as a single element in Figure 3, separate

controller logic may be used in accordance with the present invention to provide one
controller for head loading and one controller for normal reading and writing activity, i.e.,
the standard proportional integral controller. By using two controllers, the motor
performance can be optimized for each case individually through selection of the appropriate
controller in response to a head loading event occurring as indicated by the machine state.
Since the speed regulation requirements for normal reading and writing often differ from
head loading, the use of more than one controller offers an advantage over a system using a
single motor control loop that merely accounts for reading and writing without accounting
for head loading, as is achieved through the feed forward signal in the present invention.
Although the present invention has been described in accordance with the
embodiments shown, one of ordinary skill in the art will readily recognize that there could
be variations to the embodiments and those variations would be within the spirit and scope

of the present invention. Accordingly, many modifications may be made by one or ordinary



0 2 AU G 2002 -1012. The systemof claim7 wherein the feedforng?d
controller conprises firmvare in the disk drive. 13. A system AUGlZﬁ@@
spindl e notor control during a head | oadi ng event, the system conpri sing:
ranp; a head | oaded to/fromthe ranp, a | east one disk read/witten by the
head; a s ?dl§_nntor for Egvgnln li'sk; at |east one controller for
control | |s%tjl %B’ e’f"ll’iélt and scone of theappordadailaiars. adj usti ng
spi ndl e not or speed based on a time- varying digital reference velocity
profile signal and a feed forward control signal during a head | oading
event; and a feedforward controller for providing the feed forward control
signal during the head | oading event to preconpensate for an expected drag
change during the head | oadi ng event, wherein an operating tol erance for
the spindle notor is nmaintained and.'an overall time required to conplete

t he head | oading event is reduced. 14. The system of claim 13 further
conprising a | oad/unload control unit for signalling an occurrence of the
head | oadi ng event to the feedforward controller. 15. The system of claim
13 wherein the feedforward controller and at | east one controller are
provided as firmvare in the system 0 2 AU G 2002 -11 16. The system of
claim 13 wherein the at |east one controller conprises a standard
proportional integral controller. 17. The system of claim 13 further
conprising a look-up table for the tinme-varying digital reference velocity
profile signal



18. A method for controlling spindle notor speed during head | oa
‘di sk drive conprising: inputting a time-varying reference Ve|OCIiL§ AHJB?ZUUZ
signal; selecting a controller to control spindle notor speed; and feeding
forward control signals sufficient to preconpensate for drag during a head

| oadi ng event and naintain spindl e notor speed within an operating

tol erance. 19. The nethod of claim 18 wh@rein selecting a controller

further conprises selecting a first controller for use during the head

| oadi ng event and sel ecting a second controller for use during norma

readi ng andWhetiis clagnedcisi vity. 20. The nmethod of claim 18 wherein inputting

a time-varying reference velocity profile provides a velocity reference
signal that accounts for head | oading, feeding forward, and a desired

term nal vel. ocityA ebmpheer spddablleemsditior cordBininghgrogeinth dktrattiedsafon catrbllingher

conprising proyiding a l.ook-up table as the tine-varyi.ng reference velocity
o ori 1o "3 APiRleamARE forsd Goa Bedd I0adinein hark SHNBFYEPRG e dent | T yi g

initiation of a R uﬁg)@din@gza@m@%ef&aén@Jeqwilt/ytﬁ%meql aptrol unit. 23. The
met hod of claim 18 wherein feeding forward i s perforned t hrough firmare.
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5. The program instructions of claim 1 further comprising identifying initiation of a

head loading event by a load/unload control unit.

6. The program instructions of claim 1 wherein feeding forward is performed

through firmware.
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the system comprising:
a spindle motor predriver for driving a spindle motor;
a load/unload control unit for controlling loading/unloading of a head; and
a feedforward controller for receiving a signal indicative of a load event by the

load/unload control unit and for providing a feed forward signal to the spindle motor

predriver that precompensates for drag in the spindle motor during the load event.

8. The system of claim 7 further comprising a ramp coupled to the load/unload

control unit and from which the head is loaded/unloaded.

9. The system of claim 7 further comprising at least one controller for adjusting the

spindle motor speed in response to a determined error signal and the feed forward signal.

10. The system of claim 9 wherein the at least one controller further adjusts based on

an input reference velocity signal.

11. The system of claim 10 wherein the input reference velocity signal varies over

time.
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a head loaded to/from the ramp;

at least one disk read/written by the head,

a spindle motor for spinning the disk;

at least one controller for controlling the spindle motor speed, the at least one
controller adjusting spindle motor speed based on a time-varying digital reference
velocity profile signal and a feed forward control signal during a head loading event; and

a feedforward controller for providing the feed forward control signal during the
head loading event to precompensate for an expected drag change during the head loading
event, wherein an operating tolerance for the spindle motor is maintained and an overall
time required to complete the head loading event is reduced.

14. The system of claim 13 further comprising a load/unload control unit for

signalling an occurrence of the head loading event to the feedforward controller.

15. The system of claim 13 wherein the feedforward controller and at least one

controller are provided as firmware in the system.
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selecting a controller to control spindle motor speed; and
feeding forward control signals sufficient to precompensate for drag during a

head loading event and maintain spindle motor speed within an operating tolerance.

19. The method of claim 18 wherein selecting a controller further comprises
selecting a first controller for use during the head loading event and selecting a second

controller for use during normal reading and writing activity.
20. The method of claim 18 wherein inputting a time-varying reference velocity
profile provides a velocity reference signal that accounts for head loading, feeding

forward, and a destred terminal velocity of the spindle motor.

21. The method of claim 20 further comprising providing a look-up table as the

time-varying reference velocity profile.

22. The method of claim 18 further comprising identifying initiation of a head

loading event by a load/unload control unit.

23. The method of claim 18 wherein feeding forward is performed through firmware.



