; qre3e+j +g" 6 TFK#VELOCI TY CONTROL SYSTEM FOR AN ACTUATOR ASSEMBLY Background
of the Invention 5 1. Field of the Invention The present invention rel ates
generally to providing velocity feedback in an actuator assenbly. Mre
particularly, the present invention relates to a nethod and apparatus for
provi ding velocity feedback to conpensate for disturbance torque. 2.
Description of the Related Art 10 Nearly all servers and conputers use disc
drives to store nass quantities of digital information. Generally, a disc

drive includes a disc (§f r) and a read/wite
device. The disc is conﬁéhﬁg)g?ﬁglgﬁgyggiéﬁugxgkighﬁay be a soft or
fl exible disc. Typical of magnetic filmto
store data and is supp ‘PBagﬁﬂdAigEﬁﬂgtegizﬁgﬁﬁﬁéﬁiﬁf During disc drive
operation, the data on the disc 15 is accessed by the read/mwite devi ce,
which is commonly referred to as a head. To enable the head to access
different sections, the di 86 ckeréthd ent head, which is supported
and mani pul ated by an uaéurﬁassengﬁé—ig¥¥71#§%|on of the disc creates a
curtain of air, connnnly referred to as an air bearing, which supports the
head ahdlpﬂﬁddmfﬂuﬂhyamﬁﬁi contact with the disc surface. Wien the disc
drive is not in use, the 20 head is unl oaded fronlthe di sc and noved across
a ranp assenbly to be safel st.or ed. %yggf t he d

r

st th
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W rel ess devices, one_area of disc drive technol ogy that has becone

ext r emel PPHHYF formproviding Felosibdiedbrdntosprmpensgiefar isturbgnen tesde.or of t he

drive. For designers of small formfactor disc drives, one of the nost

di fficultp, cbagch@,ﬁgg%“h% RQa@daRt the drives for use in applications, in

which an external power supply is absent. In contrast to typical desktop

systens, in which disc 1 drives are usually operating and spi nning
const ¥ht 1y, diNsarlypil yergers and prraguders bes disqdmives to$tprompash dHaYitipnof disital o

m nimze 0 0, | i easi ng

the numbaropadic IRy Lail IR LENE, SAKL 1oty SRR 1Y 80% Bleklen) BEBSTY

i ncr easegedddwiitetdemicau fihe disofis b@animﬂg achnald dist.Oad iatsg rogyeread safher Aexdblehe 5

chance t t t head ass be. damaged g, disc drive  operation,
The act udlbr SRR yREE WhHE Artrn o Srrab i gr s, e g OBt

changi ng sﬁm@@& afdl shR BULSHiIRBE hdGroOMukiig dae tdvidt 8perdtidh, m dataecmeﬂﬂta dfsuc h a
collision. In particular, during unloading and | oadi ng, is critical that

the v&} ods Weﬁﬁﬁd Py the spad(iuits dewieenhicd is semmenyreisrad @sasl@d@éd ble. A

conventional nethod of velocity control is acconplished by obtaining

velocity 10 fgedhasik fid mahkd Qcc@é%tdiﬁ‘élgﬁt REtBns, € AR TR IBARIS 88 Haadback
el ectromagnetic force (BEMF) that is generated by a voice coil motor (VCM

of the adthieh rsugperiedrind IBEN/Fﬁﬁiﬁd)Wd@sacwm@smbbnf Shereatation dfahe ive
act uat or c?erafgs%nc%rt'[ai ({faat?rd Q?\ﬁ%o}l r@fe 9&1 td 94 Liekir bean tWe huﬁépo%t% ﬂheeheéﬁl ty

command si gnal tua armto nove esired
speed. 151118@3:&'3&:@ phjmecahm@aclnwmth tl&rdh@cr surface. COME tleldisegirivhés imp@easepthet he
act uag or

u E(? hea({nls unloaded from the disc and moved across a ramp assembly to be safely stored.
* When the drive is started, the actuator assembly moves the head back across the ramp to

load it onto the disc.

Because of the growing popularity and demand for portable and wireless devices,

one area of disc drive technology that has become extremely important is the reduction of

25  size or form factor of the drive. For designers of small form factor disc drives, one of the
most difficult challenges is to adapt the drives for use in applications, in which an

external power supply is absent. In contrast to typical desktop systems, in which disc




prevent damage to the disc drive shrinks as the formfactor of disc drives
decreases, ranp | oad and unl oad technol ogy nust continue to i nprove to keep
the velocity of the actuator armas snooth as possi ble and prevent danage
to the disc drive. In view of the foregoing, it is desirable to have a

met hod and apparatus for providing velocity feedback 20 that conpensates
for external torque disturbances. 2 Brief Description of the Drawi ngs The

present invention will be readily understood by the foll owi ng detail ed
descri pti@fyed hre GRMINYpEIaARe Whd hifidity AHEANRARNNGivE! AWpRISabI} Quh@fbiri t at €
this description, Ili‘}E% raefger en%e numer al s desicgnate Iipke st}uctur al

el enent s.WiBnmogruse fo injtimize pawerscoasumaptiondn portaidedevidey. supported by a ranp
in accordance with one enbodi nent of the present invention. Figure 2

he ot boors | AR SR B AbL: i RGARIARASE Al 1 AR Shad! ment of

t he present invention. s a chart Show anges in
di st ur bandEn¢oessgtily inasests dothathe angiber of 1ch@inghmd amtdadingroparativaiugnidiye! oadi ng

and unloading., Figure.4 illustrates a velocity.control systemfor an
act uat%r cgg@gﬁ%art?% ad agsg g’n‘?{‘@a@ﬁ‘{%ﬁ"%ﬂﬁ Ig vesperpian. theacazior
i nvent i onssemib@ infisd whthstand bﬂﬂ’%@rﬁﬁéﬂsat@ffoﬁar%ﬁ?@'doff Sankif@dbiegs 85 tRGiddat or

assenbly in accordance with one enbodi nent of "the preésent invention. 15
Fi gure 6 dctdngoq the AcHpiar frodlo pieveat sush atcolligione drpatievlon Hedng ynlesdingemnd f or an

act uat or sy | ' e nr t
mvent | ono e Rl edftafRSORE 206G e SAREIRTMEN 1 Ut IBRSIBE of the
present invention, a nmethod for generating a velocity command for an

act uat or assendbtenviestignabmiethed .of Thlecigotanaobis amseeplizhyd by obtathés wlocitgt uat or
arm ‘f\@i %Qedbcstd(t RoflPE a%)rllﬁforaan%! u’i‘ﬁé irr}e%o(af mga%{ntegcaegack-%qg:trgg}agl%%c btggiens by
‘ (BEMF) that is generated by a voice coil motor (VCM) of the actuator arm. The BEMF
provides velocity information for the actuator arm and is feedback to a controller, which
adjusts a velocity command signal output to the actuator arm to move the arm at the

desired speed.

15 Because the margin of error for controlling the speed of the actuator arm to
prevent damage to the disc drive shrinks as the form factor of disc drives decreases, ramp
load and unload technology must continue to improve to keep the velocity of the actuator
arm as smooth as possible and prevent damage to the disc drive. In view of the
foregomg, it is desirable to have a method and apparatus for providing velocity feedback

20  that compensates for external torque disturbances.




5 providing a conpensation torque for each of the plurality of surfaces. A
position of the actuator armis determned so that it may be napped to one
of the plurality of surfaces, which is the present surface over which the
actuator armis noving. A target velocity is then provided for the actuator
armand input to a controller, which generates a velocity conmand fromthe
target velocity and a sel ected conpensation torque, which is the 10
conpensati on torque of the present surface. |In another enbodi ment of the
present invention, a velocity control systemfor an actuator assenbly is
provi ded. The vel ocity cBaiefdDesgripioniofdheddsawingsmpensati on torque

dat abase, which is used to store a conpensation torque for each of a
plurality of rfaces, over .whic he t uat or ar.m nmoves. . The c sation
torque dat abase®i ek JIEEUQE ¥t BS JERGPY: unge é?oéig%’%cfﬁ%cfﬂg%‘wg&t‘%gﬁﬁgor que
based on qs@@sibhi BN cOhjubdRNAGLEMAIRY 2BEdhpahiiglgVelaREidsY CRtfasilitafy Shiem al so
includes a detector to generate a velocity feedback fromthe actuator
assenbl y.desgrinfipn.dike seferenccoimessls designate likstsiuetunel dpmenthe conpensati on tor que
dat abase. The integrator is used to integrate the velocity feedback to
determ ne the F%ﬁéﬁ'i%ﬁgfesﬁﬂﬁctﬁﬁg)yﬁsts%bl s 0‘91'@3‘1\38 2 Bmb I8 A dBRRREIwiR one of
the plurality of surfaces. A controlfler Ii)s coupl ed"to the conpensation
tor que damalsaedimgat afitee presentingentioaf t er receiving a target velocity, the
vel ocity feedback, and the sel ected conpensation torque, the controller
generates a veglocl . ; Y her
enbodi nent of(%lt1 eé %?%‘%g%etg?fi%\}é%?ﬂ%%% a%?ﬁée{?%ggac? %I? oa‘%{illﬂ}]g&a%ﬁ%oc uattor
assenbl y dighd preseaningmttiont or arm i s provi ded. The net hod begi ns by providing
a 25 default conpensation torque for each of a plurality of surfaces the

actuator arm goves,over, to.form efaul.t .c ensation t ue table. The
nmet hod t hen dg? r?ns(ri:SeasChz'imﬁ’P%‘g]élﬁttﬁes%W%eéén flﬁg?ng)aflﬁ%%é eﬂjﬁf‘%&a f Vi ng
over. 1A ded auldtorcandansgloading bad auleadiig.t he 4  present surface is selected

to nodify a target velocity to generate a velocity command. The velocity

command t hen q:i.rect4s ﬁh% actuator,armto, | oad the actuator asseb l'}{'
1gure illustrates a velocity control system for an actuator assembly i

accordance with one embodiment of the present invention.

Figure 5 is a flow chart of a method for loading an actuator assembly in

accordance with one embodiment of the present invention.

15 Figure 6 is a flow chart of a method to generate a velocity command for an

actuator assembly in accordance with one embodiment of the present invention.




Det ai | ed Description A nethod and apparatus for controlling an actuator
assenbly are provided. In the follow ng description, nunerous specific
details are set forth in order to provide a thorough understandi ng of the
present invention. It will be understood, however, to one 5 skilled in the
art, that the present invention may be practiced w thout sone or all of
these specific details. In other instances, well known process operations

have not been described in detail in order not to unnecessarily obscure the
present invention. Figure 1 _illustrates an actuator assenbly 10 of a disc
drive 11 supported by a rangl h one enbodi nent of the

present invention. Wen the actuator 10 assenbl y 10 is di sposed in a di sc
drive, the act Iy (A head whi ¢
actuator arm ﬁgﬂﬁnﬁoo@\l}ﬁnﬁa gl s?gi%%s&g%gr t] y an Al gfﬁ %erw‘f?mg E)Jrl ng
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surfaces, a ranp tip 22, a ranp contact 24, a ranp top 26, a detent sl ope
start 28 acHaigspERs detepEnes e Bat it sy hermepedio dieefthe plualits lof suises, OCDS)

32. Beca r V. h back
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the actuator arm 18 I1n position to protect the actuator arm and the head
from any vi br t| onﬁ i.ng op ration, the actuator assenbly 10 receives
comand si gna ?rrﬁli%l?&ﬁn%‘tﬁ fhetRsereRs ngentioncapelacippenyrol sistarfardg t he
novenent a@ﬁm{(,pgs@ 1 t on the
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may VHFy dsei:mumq:wﬁ sélbediidnipeheitibn torgesbeéd ss paeem diilevachgidtiather ent

sl opes) that are used to formthe ranp 20. Figure 3 is a chart shovm' ng the
changes in di urb nce tor e base é on <’i\ angle of 5 the actuat arm 18
during | oadi ngth ESYSF?}E Py ieluges 14, deteptor 49 oFenggath 28" tWesponds
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surface that the actuator arm is moving over. A default compensation torque of the




To overcone these nmechani cal design constraints and to ensure the actuator
assenbly is able to load and unload at a controlled velocity (for exanple,
with a margin of error within about 10% of the target velocity), a torque
dat abase is used to feed forward a conpensation torque to the actuator
assenbly 10. The conpensation torque is 25 then used to snooth the novenent
of the actuator arm 18, which then reduces the chances of damagi ng the disc
drive. Figure 4 illustrates a velocity control system 40 for an actuator
assenbl y presedt Rfadane &latddnoansdis P efbdiBRloch 1é E&e@it@%%tocit{?\é&'%‘laﬁ@ The
velocity control system7 40 includés a controller 42 that is coupled to
a torque Hhevelnsy qullm&?ﬂjthﬁﬂ firegit thg getugthearsviatipasi the geuaten sgenatilso i ncl udes a
detector 48, which is coupled to the plant 46, and an integrator 50, which
is coupled between the torque database 44 and the detector 48. The torque
dat abase 44 stores a conpensation torque table derived from5 disturbance
torques neasured during testing of the actuator assenbly. Disturbance
torque typically conprises external disturbances such as PCC torque, which
is generated by the printed circuit cable 14. Another type of disturbance
torque nmay be caused by the latch 12, which secures the actuator arm 18 to
the detent when the actuator arm has been parked. O her types of

di sturbance torques may be caused by suspension spring force 10 and ranp
function force. The conpensation torque table is then used by the velocity
control system 40 to counteract and elim nate any inpact fromthe

di sturbance torque encountered during actuator operation. Because the
actuator armmay be required to nove over a nunber of different surfaces
havi ng different disturbance torques, a conpensation torque is 15 neasured
for each surface and stored in the torque database 44. During actuator
operation, the velocity control system 40 receives and processes a target
velocity to generate a velocity command, which conprises an electrica
current that is then transmtted to the actuator assenbly through the plant
46. The plant 46 includes a nunber of nodules that transformthe current
into acceleration and vel ocity conponents. 20 However, before the first
velocity command is transmitted, the actuator assenbly nust be initialized.
Because the actuator armis positioned at the ODCS when the power is turned
on,. the torque database 44 selects the torque conpensation of the ODCS to
feed forward to the controller 42. The torque conpensation is then sumred
with the target velocity to generate the velocity command. 25 As the
actuator arm noves, the detector 48 is used to detect its velocity to
provi de feedback to the controller 42. The velocity feedback may be

determ ned by detecting a back el ectronotive force (BEMF) generated by the
actuat or assenbly. Because the arm may be constantly in notion, the
detector may be configured to constantly detect the velocity of the arm
for exanple at a rate of 3 kHz. The velocity feedback may then be 8 used
by the controller to make sure that the actuator armis operating within a
suitable margin of error, for -exanple within about 10% of the target
velocity. The velocity control system 40 also integrates the BEMF to
determ ne the position of the actuator armin the integrator 50. The
position is then transmtted to the 5 torque database to determ ne the
present surface over which the actuator arxn is operating. Once the present
surface is determ ned, the torque database 44 selects the correspondi ng
torque conpensation to feed forward to the controller 42, which then
continues to output a velocity command to control the actuator arm Wile
the velocity control system of the present invention may be used to 10
conpensate for disturbance torques in nmany different types of actuator
systens, it is



particularly useful in applications that require precise control of
actuator velocity, such as the actuator assenbly of a disc drive. The
present invention is particularly useful in portable disc drives with snall
formfactors (i.e., below about 1 inch). However, to acconmodate these
portabl e drives, the present invention nust take into account that 15 such
devices are required to power on and shut down very frequently. Figure 5 is
a flow chart 100 of a method for |oading an actuator assenbly in accordance
wi th one enbodi mrent of the invention. The nmethod begins in a block 102 when
the disc drive is fumed on. Tde¢hadledr Bes¢rdiptionuat or arm for operation, the
vel ocity control system selects a default conpensation torque froma
default conpensati.on torque 20.table based on the initial position (ODCS)
of the actuat “Eﬁ%ﬁiaﬂgap s fog gontroNInganaciyains dssepihgare ﬁ@l%gn{'fé%ati on
torque tabliewing @REHptRE, hi@Blods %Eéﬂiﬁ@rd_%ﬁilk Q&I 4QS fora iU bRk b grigad @sting of
t he actuator assenbly. Because the device is powering up, the default
conpensattherqughy pefeestingdigigeof the preprat inventigne dlt Wig e andesgigod doyeyasniorane( ROM)  of
each dis ' ' been
cel cct o, CUHE el il 8RGO B ey R IFRADEA R SO O ee,

vel oci t y spesifrandttsile. alblodek iddGicty welhdnbWwe @otesntoperatiesmehbleynotToechegi n

| oadi ng, the.actuatar. armnust be initjalized_ at the ODCS. A fixed bias
current i S%B’Sﬁil%get?li)mpqﬁg%{ nf’ﬁré’ %ﬁﬁsﬁa’&b B PEESBIEE e back

el ectronoti ve voltage 9 then is neasured to detect whether the actuator
has reached t HegbdSlludiRgest @1 ateatciababable Hebeg tdssct divet O %oﬁmasati on

of the ODCS %ﬁ.the initial positjon during |loading to feedforward to the
cont r ol | SFPPFRE" ABORBECT Bish PRermERdiBEHi ol 4 Rresert iBFeRien, Gdheilt 3981tathe fir st

| oadi g Ris@esty 19 RagishRed if ARkeiRRa0 Meklieima 193k Re@tisdufiFP@NSat i on
torque table has been uploaded. If the calibrated torque table 1s received,
subsequertead/wat hrgd.aviiclurdtender atg 1Gpaeesioversa disd 14 supportashpearsat bearing.or ques
fromthe | r b e.i n,. ock 1. 10. Th alibra t Qr que
table is ?%4%%@{1%3& c?tél?il\glg%df’“%oér% f 1 sql%r %’in@% ¥ %"P@ﬂé‘nﬁéaggﬁr egP ue%lld % he
factory puemasien lif tabtoaiontaticihg ue>veatteestht kadip 20.e nore specifically designed
for 10 the particular disc drive. However, because the calibrated torque

tabl e nust be l.oaded .[nto rapdom access nenpry. (RAM, it is |ost when the -
di sc drive shff@ﬁ%ﬂilu%ﬁst&‘Snﬁmpy?ﬁb@cgfﬁ@r ﬂe&%ﬁ%%ﬁﬁd?ﬁ?qﬁﬁﬁ cBdi ti ons
changes dumtdgirhdie dfithe pRierd ifVeatior IThe, radf diot ineiads 4 asbBgofMRNHb&, done to

update the to_rgije table. If the calibrated torque table is not received
(for exarfBiR liPat% &arah 6eR1203G4nd 1ANISIOR GRaa Yletentibopgstanidy adsiepesiersandn t or que
15 tabl e 3y lhahg H3&daihMeRr BI.OF %toélt}%)Cﬁggﬁ.e Hchite aSEHOOi\#BC}HI%(SH o @ met hod
200 to generate a velocity command for an actuator assenbly I n accordance
wi t h one avatbabdd fem thé rethe ) esbatk elvenhoton. fofte gomtrdiodl LBROMebagians at a

bl ock 202 _in iheh a conpensation t.orque.is_provided for each of the

surf aces atsf’leéli‘b\??ﬁg et ﬁeag}é?suﬁe?lrﬁovﬁrf’wgﬁgv@“%gel%ngckqgr B?“%@H% A el oci ty
controb 2BmsiRs el shepedkioh N&atRmp oS dnl theiradp 2dhe actuator arm by detecting a
BEM- of the actuator assenbly. The BEMF is then integrated to determ ne the
position, whicgh is,then mapped to one of the surfaces, such. a detent in
a ranp of a dﬁghe trhf’gg_? d’i"ﬁggﬂ?f%erraatmgo e@FSPBW{IEt%e‘é@?%B%H‘ ' ﬁ%ﬁﬁ?te det ai |
in the fojflmyvang BOUALLER 12 Axertsth haBNE TorcdRRG&noWn s htcKforcd ko Rexpd
Actuator armposition information r Actuator armradius Kt Magnet tporque
const ant t8e aciEAter iy 1§ Ak pegition to protect the actuator arm and the head from any

vibrations. During operation, the actuator assembly 10 receives command signals

25 through a printed circuit cable (PCC), directing the movement of the actuator arm 18.

When the suspension lift tab moves on the ramp 20, its movement and velocity is
affected by external disturbances, which are commonly referred to as torque or

disturbance torque. While the suspension lift tab is in contact with the ramp 20,




In a block 206, a target velocity is provided for the actuator arm and
received by the velocity control system Finally, in a block 208, "a
velocity command is generated ftomthe target velocity and a sel ected
conpensati on torque, which corresponds to the present surface that the
actuator armis operating over. The detected BEMF al so provides 5 velocity
f eedback, which may be conpared with the target velocity to generate a
velocity error. The velocity command nmay then be generated fromthe

vel oci 1y ELABInANGWS SELRELLEATBERSAIJ A1 Fargh hgrent of
the present i nli/ent iqon, théﬂéal igﬁra ed t@;reqaggm?;%ﬂ T Cgfaﬁbggﬁtgg%hg

| oadi ng dricliamhaadiry fetanse eftthe differend sgenbf yurfmes (heviog diffegertt Klepes et i t y
error 10 a;orseg SeL ?tflelEOSi bi ons defined by d(n). The nethod for generating
t he vel oci FG 9Pty '%1&2 ibed in nore detail in the equation: velocity
error [d(n)] _ {target velocity-vel[d(n), k]}, wheren =20, I, 2,...... n
(tabl e size),; Figur&3 & alchiart. showimgitliathangusive disefbant etojuedassd i afigle)ofi S t he
suspensi lift tab | gcation at the defined sition. The torque table is
t hen ﬁd%‘eﬁ%@}%@hég n%é‘?%lﬂgt?}lde Bfid?% abe apglectithe pefeateyE 18n: 20
Torque [ dbRAdpordd RF APssificH B the-re@l/whikChaa! Jrh&hétR4tod S, ITHANRERR = @

| ear ni ng .&al_n that is a constant and can be varied to reach an equilibrium
Af t er updéantifigs ene wint gudacgathe easéyritetheag v eatad.ccithay ovkr the paren 80 osever al
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torque as the actuator arm moves, the ramp tip 22 is typically designed to provide a low

gradient. Such designs require more precious space in the disc drive, which developers

20  are constantly under pressure to reduce in small form factor drives.

To overcome these mechanical design constraints and to ensure the actuator
assembly is able to load and unload at a controlled velocity (for example, with a margin
of error within about 10% of the target velocity), a torque database is used to feed
forward a compensation torque to the actuator assembly 10. The compensation torque is

25 then used to smooth the movement of the actuator arm 18, which then reduces the

chances of damaging the disc drive.

Figure 4 illustrates a velocity control system 40 for an actuator assembly in

accordance with one embodiment of the present invention. The velocity control system




12 CLAIMS What is clainmed is: 1. A nethod for generating a velocity
command for an actuator assenbly 5 having an actuator arm wherein the
actuator armis to nove over a plurality of surfaces, conprising: providing
a conpensation torque for each of the plurality of surfaces; determning a
position of -the actuator arm wherein the position is mapped to a present
surface, wherein the present surface is one of the plurality of surfaces;
10 providing a target velocity for the actuator ann; and generating a

vel oci ty gmompRad { EqmoliBesd ﬁ{agi%tco\ﬂﬁl'eQ% b YorR e aftaliee Q&taﬁ&’ gﬂ’ R 9BS &kl ON

torque, wherein the selected conpehsation torque Is ensation torque
of t he presatel sysfematalsa Mcidey haletretondd, which de paupted m thd: alam 46, anthenei n

ol ect r ot egatF sPagtibh RBbied BiaBa) HEl et et 4SS oci 1y

f eedback of the actuator arm and integrating the velocity feedback to
det er mi ne t he Thostdrquen dethbiseedacdtoras ar campensaion torfhe takit hddives fremited in

claim?2, wherein the velocit ommand. i s nerated fromithe_tar

vel oci % y,d\',‘w}?‘l%a'i‘f’gl 9EqUEY, "F‘@é‘&fﬁic‘ﬁm“&rfﬂsqnﬁeoé CefiiEtiore ni’i]é[ g@?“&ue 25
4. The mabhed t)fp‘ica[lg ‘ébﬁnﬁﬂse's Rxfehil msﬁubdﬁeé/sl figh b PC@%HI% %hléf!i EE‘ @herdeliar get
veIOC|ty bet ween about I ps to about I ps met hod as recited in

cl ai m 4, BBy eiipfed ﬁl&lﬁeqab@. Wy Anroshis ae qfshsfm;bmp mraummah be vaiserthby thef eedback
wi t hin atiQtUﬁ léovfﬂlglfx sécn?esttﬂé ﬂ:%at&ealngcllfittx the c?etent when the actuator arm has been

parked. Other types of disturbance torques may be caused by suspension spring force

10 and ramp friction force.

The compensation torque table is then used by the velocity conirol system 40 to
counteract and eliminate any impact from the disturbance torque encountered during
actuator operation. Because the actuator arm may be required to move over a number of
different surfaces having different disturbance torques, a compensation torque is

15 measured for each surface and stored in the torque database 44.

During actuator operation, the velocity control system 40 receives and processes a

target velocity to generate a velocity command, which comprises an electrical current that

is then transmitted to the actuator assembly through the plant 46. The plant 46 includes a
number of modules that transform the current into acceleration and velocity components.

20 However, before the first velocity command is transmitted, the actuator assembly must be
initialized. Because the actuator arm is positioned at the ODCS when the power is turned

on, the torque database 44 selects the torque compensation of the ODCS to feed forward

to the controller 42. The torque compensation is then summed with the target velocity to

generate the velocity command.

25 As the actuator arm moves, the detector 48 is used to detect its velocity to provide
feedback to the controller 42. The velocity feedback may be determined by detecting a
back electromotive force (BEMF) generated by the actuator assembly. Because the arm
may be constantly in motion, the detector may be configured to constantly detect the

velocity of the arm, for example at a rate of 3 kHz. The velocity feedback may then be




13 6. The nethod as recited in claim3, wherein the plurality of surfaces
Is to forma ranp in a disc drive having a formfactor of bel ow about 1
inch. 7. The nmethod as recited in claim3, wherein the back el ectronotive
force is 5 neasured at a sanpling rate of about 3 kHz. 8. A velocity
control systemfor an actuator assenbly having an actuator arm wherein the
actuator armis to nove over a plurality of surfaces, conprising: a
conpensation torque database to store a conpensation torque for each of the
10 pl ural dsby p9he tWntBAGS1oANEk O t?he hﬁf&r%nqg)%g WRHin{L4 ﬁebased on
a position of the actuator arm an etector to generate a ve 00|ty

f eedback; margisionterrot, farexampisvathin dJCthéO%@rﬁﬁert&getn@locttprque dat abase and the
detector, wherein the controller is to receive a target velocity, the
veIomtyfeed Kk e | O e.and. geperate a
vel ocity corrrrgﬁﬁ1 ¥elw&hé&g@ gllrn géésaﬁejsr?bﬁl@g?%%sgtﬂéenﬁé\?%gga s r]mg%up ed to

t he det eqiositionnd thehehmturpensa tthointdgeneiLi®. dbiefaion iwienaiashined khihegr at or
isto'nte rate the v feedback to deterni the position qf the

| oci.t e
act uator § dem‘&ssﬁ%g?tﬂeﬂ F Pregentisurlapg op e high ﬁﬁécwt%@lﬁmﬁrérmg y of
surfaces.Oond tRe préit G@ice Qd dé"t&%ﬁﬁéﬂ fie thQ]‘[ﬁb 186lbasE 49! sBleBlk $he YRRESINGnENE
sel ected conpensation torque is a defaul npensation torque stored in
read onl %OWW?WPB@WOHﬁhéGQ%ﬁ@W@d t@@@tcemﬂdlﬁr ﬁécwhlehl then cohtitiugs @ owpigr ei n t he
sel ected n I brat ed conpensati on torque,
wherein t e ca rat e%%ccgﬂr%%éﬂ@g ‘f“%?\%%%% Is read froma disc. 11. The
control system as recited in claim 10, wherein the detector is to generate
the velocity f%éﬁ)@hﬂm’dycimtcemrdqusianbaﬁItheelpmerrtoimeﬂtioﬁ fooy be wfedtthe

act uay pr C%g‘l gsa%nﬁ)rymsmr%ance torques in many different types of actuator systems, it is

particularly useful in applications that require precise control of actuator velocity, such as
the actuator asserably of a disc drive. The present invention is particularly useful in
portable disc drives with small form factors (i.e., below about 1 inch). However, to
accommodate these portable drives, the present invention must take into account that

15 such devices are required to power on and shut down very frequently.

Figure 5 is a flow chart 100 of a method for loading.an actuator assembly in
accordance with one embodiment of the invention. The method begins in a block 102
when the disc drive is turned on. To prepare the actuator arm for operation, the velocity
control system selects a default compensation torque from a default compensation torque

20  table based on the initial position (ODCS) of the actuator arm in a block 104.

‘As described above, the compensation torque table is derived from disturbance
torques measured during testing of the actuator assembly. Because the device is
powering up, the default compensation torque table must be restored from a read only
memory (ROM) of each disc drive. Once the proper default compensation torque has

25 been selected, it may then be fed forward to the controller to generate a velocity

command in a block 106 to load the actuator assembly.

To begin loading, the actuator arm must be initialized at the ODCS. A fixed bias
current 1s applied to push the actuator arm to the ODCS. The back electromotive voltage




12. The control systemas recited in claim 10, wherein the plurality of
surfaces includes the disc and a ranp in a disc drive. 13. The control
systemas recited in claim12, wherein the disc drive has a 5 formfactor
of bel ow about 1 inch. 14. The control systemas recited in claim12,
wherein the velocity feedback is within about 10% of the target velocity.
10 15. A nethod for |oading an actuator assenbly having an actuator arm
wherein the actuator armis to nove over a plurality of surfaces,

conpri si Ngan R Q¥ s%eﬁ%o%éi’% Hethef tf}ﬁﬁ&' A 1 9hRYSHE %D@S?‘C hl“h%f tlofcfﬁg

plurality of sur aces to rma defau conpensation torq
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surface i,s. 15 0 f th urall of surfaces; and generating a velocity
command fPEHEP ‘?ﬁﬁg‘)é(f’vaﬁﬁf’ ?ﬁoﬁﬁgﬁ% a sel ected conpensation torque, wherein
the sel ected conpensation torque is the default conpensation torque of the

present surf ad&le ansthathE)Oethen ddtermindsdf iattlodkolDBBAtbtes teofirsOldadihg) frodesk uat or
assenby ({{ Th r% thod as recited in claim15, wherein determning the
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pOSi t | PSR .°§1é%rate€|e<t°éa>@nwa% tBEuIR 1ble chas bk ve
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actuator arm and 25 integrating the velocifty feedback to determ né the’
posi ti on aperatipes W(Etu&ap@npmsmonlti?rquw@ommemﬂbra@dﬂmue talilei in abloawk il 2.6,
wherein the velocity coormand is . generated fromthe sel ected conpensation

torque and a \'I%Ie(%ghﬁrx e tdiffhe ta Y}g% ﬁ?%\?je]?om feld dé‘%xagggfgﬁaq{cgb&ivge xglﬁ?fu%ﬁence

bet ween the target ve oclity an e nethod as
recited iduriog #lienfadidry grocesher olgainpoiges Mguesili‘h'at are more specifically designed for

10  the particular disc drive. However, because the calibrated torque table must be loaded
mnto random access memory (RAM), it is lost when the disc drive shuts down.
Additionally, because disturbance torque conditions change during the life of a disc drive,
additional testing may be done to update the torque table. If the calibrated torque table is
not received (for example, after about 50 milliseconds), the default compensation torque

15 table will be used in a block 112.

Figure 6 is a flow chart of a method 200 to generate a velocity command for an
actuator assembly in accordance with one embodiment of the present invention. The
method 200 begins at a block 202 in which a compensation torque is provided for each of
the surfaces that the actuator arm will move over. In a block 204, the velocity control

20 system determines a position of the actuator arm by detecting a BEMF of the actuator
assembly. The BEMF is then integrated to determine the position, which is then mapped
to one of the surfaces, such as a detent in a ramp of a disc drive. The integration of

BEMEF is described in more detail in the following equation:

d=d+ BEMF*u, where pt= (v/ K} *At
25 d Actuator arm position information

¥ Actuator arm radius

K; Magnet torque constant

At Sampling time

10



determ ni ng whet her the | oading of the actuator assenbly is conpleted; and
determ ning whether a calibrated torque table is received, wherein the
calibrated torque table includes a calibrated conpensation torque for each
of the plurality of surfaces. 5 19. The nethod as recited in claim18,
Further conprising generating a calibrated velocity command fromthe

vel ocity error and the sel ected conpensati on torque, wherein the selected
conpensation torque is the calibrated conpensation torque of the present
surface if thepGalibdr Ajsed térgét%ﬁwc rf‘lﬂ‘.' Sotided R the/ fnatdCrmd TOLiVER gOd as
recited in claim19, noving“the actuator ann at a target veI00|ty et ween
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t he velo k intain a vel f . the act arm
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velocity error [d(n)] = {target velocity — vel[d(n), k]},

wheren=20,1,2,...... n (table size);
15 k= 1,2,...maximum number of iterations; and

d(n) is the suspension lift tab location at the defined position.

The torque table is then updated by using the Veiocity error as detailed in the

equation:

20 Torque [d(n)] = torque [d(n)] - a* {velocity error [d(n)]}

where o, = a learning gain that is a constant and can be varied to reach an equilibrium.

After updating the torque database, the procedure may be repeated several times
to continue updating the torque database until the average velocity error is below a

25 certain margin of error, i.e. 10% of the target velocity.

In summary, the present invention is that it provides feed forward torque
compensation for a velocity control system of an actuator assembly. The feed forward
torque compensation value is used to generate a velocity command signal which keeps

actuator arm movement smooth, within about 10% of the target velocity, which may be

11
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damage to sensitive components of a disc drive, in particular through contact between the
read/write head and the disc. The velocity feedback control system is particularly

effective in disc drives with small form factors, for example of below about 1 inch.

5 Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and not to limit
the present invention. The embodiments and preferred features described above should

be considered exemplary, with the invention being defined by the appended claims.

10
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What is claimed is:
1. A method for generating a velocity command for an actuator assembly
5 having an actuator arm, wherein the actuator arm is to move over a plurality of surfaces,
comprising:
providing a compensation torque for each of the plurality of surfaces;
determining a position of the actuator arm, wherein the position is mapped to a
present surface, wherein the present surface is one of the plurality of surfaces;
10 providing a target velocity for the actuator arm; and
generating a veldcity command from the target velocity and a selected
compensation torque, wherein the selected compensation torque is the compensation

torque of the present surface.

15 2. The method as recited in claim 1, wherein determining the position of the
actuator arm comprises:
detecting a back electromotive force of the actuator assembly to determine a
velocity feedback of the actuator arm; and

integrating the velocity feedback to determine the position of the actuator arm.

20
3. The method as recited in claim 2, wherein the velocity command is
generated from the target velocity, the velocity feedback, and the selected compensation
forque.
25 4. The method as recited in claim 3, moving the actuator arm at a target
velocity between about 2 ips to about 5 ips.
3. The method as recited in claim 4, wherein the velocity feedback is to
maintain the veloctty feedback within about 10% of the target velocity.
30
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6. The method as recited in claim 3, wherein the plurality of surfaces is to

form a ramp in a disc drive having a form factor of below about 1 inch.

7. The method as recited in claim 3, wherein the back electromotive force is

5 measured at a sampling rate of about 3 kHz.

3. A velocity control system for an actuator assembly having an actuator
arm, wherein the actuator arm is to move over a plurality of surfaces, comprising:
a compensation torque database to store a compensation torque for each of the
10  plurality of surfaces and output a selected compensation torque based on a position of the
actuator arm; and
a detector to generate a velocity feedback;
a controller coupled to the compensation torque database and the detector,
wherein the controller is to receive a target velocity, the velocity feedback, and the
15 selected compensation torque and generate a velocity command for the actuator
assembly; and
an infegrator coupled to the detector and the compensation torque database,
wherein the integrator is to integrate the velocity feedback to determine the position of
the actuator arm, wherein the position is mapped to one of the plurality of surfaces.
20
9. The control system as recited in claim 8, wherein the selected

compensation torque is a default compensation torque stored in read only memory.

10.  The control system as recited in claim 9, wherein the selected
25 compensation torque is a calibrated compensation torque, wherein the calibrated

compensation torque is read from a disc.

11.  The control system as recited in claim 10, wherein the detector is to
generate the velocity feedback by detecting a back electromotive force of the actuator

30 assembly.
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14.  The control system as recited in claim 12, wherein the velocity feedback is

within about 10% of the target velocity.

10 15. A method for loading an actuator assembly having an actuator arm,
wherein the actuator arm is to move over a plurality of surfaces, comprising:
providing a default compensation torque for each of the plurality of surfaces to
form a default compensation torque table;
determining a present surface of the actuator arm, wherein the present surface is
15 one of the plurality of surfaces; and
generating a velocity command from a target velocity and a selected
compensation torque, wherein the selected compensation torque is the default
compensation torque of the present surface and wherein the velocity command is to load
the actuator assembly.
20
16.  The method as recited in claim 15, wherein determining the position of the
actuator arm comprises:
detecting a back electromotive force of the actuator assembly to determine a
velocity feedback of the actuator arm; and

25 integrating the velocity feedback to determine the position of the actuator arm.

17.  The method as recited in claim 16, wherein the velocity command is .
generated from the selected compensation torque and a velocity error, wherein the
velocity error is a difference between the target velocity and the velocity feedback.

30

18.  The method as recited in claim 17, further comprising:

15
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20.  The method as recited in claim 19, moving the actuator arm at a target

velocity between about 2 ips to about 5 ips.

21.  The method as recited in claim 19, wherein the velocity feedback is to

15  maintain a velocity of the actuator arm within about 10% of the target velocity.

22.  The method as recited in claim 17, wherein the plurality of surfaces is to

form a ramp in a disc drive having a form factor of below about 1 inch.
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