VELOCI TY CONTRCOL 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 qu f ion. Generally, a disc
drive includes a disc (ﬁwémméﬂﬁ t'er) and a read/wite
device. The disc is co I y be a soft or
flexible disc. Typi camﬁmlgﬂﬁUM‘ﬁgﬁ&%ﬁmﬁe of magnetic filmto
store data and is supported and spun by a spindle notor. During disc drive
operation, the data on the disc 15 is accessed by the read/wite device,
which is commnly referre g;@!@ g E e the head to access
different sections, the ddB &]%T he Tivef Bh head, which is supported
and mani pul ated by an actuator assenbly. The rotation of the disc creates
a curtsai n, Fieldof thedavémisny referred to as an air bearing, which supports
the head and prevents physi cal contact with the disc surface. \Wen the
di sc drive isTg in use, the head If g}nl oaded fr.om t egg c.and noved
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extrenely inportant is the reduction of 25 size or formfactor of the

drive. For gGalighsd of e Felbd Alor m factor disc drives, one of the
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10 Nearly all servers and computers use disc drives to store mass quantities of digital
information. Generally, a disc drive includes a disc (often referred to as a platter) and a
read/write device. The disc is commonly a hard disc, but also may be a soft or flexible
disc. Typically, the disc includes a surface of magnetic film to store data and is
supported and spun by a spindle motor. Dﬁring disc drive operation, the data on the disc

15 is accessed by the read/write device, which is commonly referred to as a head.

To enable the head to access different sections, the disc is rotated under the head,
which is supported and manipulated by an actuator assembly. The rotation of the disc
creates a curtain of air, commonly referred to as an air bearing, which supports the head
and prevents physical contact with the disc surface. When the disc drive is not in use, the

20 head is unloaded from the disc and moved across a ramp asseinbly 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



nmost difficult challenges is to adapt 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 nni ng
constantly, disc drives are preferably turned off when not in use to

m nimze power consunption in portable devices. Unfortunately, increasing
the nunber of times that a disc drive is turned on and off necessarily
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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
foregoing, it is desirable to have a method and apparatus for providing velocity feedback

20 that compensates for external torque disturbances.



Brief Description of the Drawi ngs The present invention will be readily
understood by the following detailed description in conjunction with the

acconpanyi ng drawings. To facilitate this description, |ike reference
nuneral s designate |ike structural elements. 5 Figure 1 illustrates an
actuat or assenbly supported by a ranp in accordance with one enbodi nent of
the present invention. Figure 2 illustrates the ranp in greater detail in

accordance with one enbodi nent of the present invention. Figure 3 is a
chart show ng the changds Mis¢ ihot the Irawmesed on an angle of 10

the actuator armduring | oading and nI oadi ng. Figure 4 illustrates a

vel ocity conttrpol systemfor an.actuatqr assenbly . Jn. a rdance, wi.th one
enbodi nment of’fﬁ%é’ﬁéﬁétsgﬂrﬁrfntfo g'ﬁl?ﬁ’ n.rea%l%l}?lgerg oloé b&' fl}eo&ﬁ]%ﬁ%?% %S?W%& met hod
for | oaddéseriitiondGh Uedrlincels:s ewith Ythe Naccofipidad Clavingd) OMe Eiladienens of the
present invention. 15 Figure 6.is a flow chart of a nethod to generate a
vel oci t ydeempiionelikeyefesence aumgrals lesignate ke strychiral dem@iince with one

enbodi ment of the present invention. 3 Summary of the Invention According
to ansenbodi NBRLreqf ilfubeatélf &SRMatdr Qﬁﬁﬁlﬂlfalpp@rté@%yh%aﬁé;% Ae6RhAde! With 2

vel ocity command for an actuator assenbly is provided. The actuator

assenbl yonerrshedinent ghthgerasentauvention. which is to nove over a plurality of
surfaces. The nethod begins by 5 providing a conpensation torque for each
of ‘the plural ibeeOf BRI AGRS ranth BARAL U in'DEora L With Ve WnfBoliipedP! e M Ned
so that it nay~be nmapped to one of  the plurality of surfaces, Ich is the
present ofithé preeenduerentidni.ch t he actuator armis noving. A target velocity is

Figure 3 is a chart showing the changes in disturbance torque based on an angle of
10  the actuator arm during loading and unloading.

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

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.




then provided for the actuator armand input to a controller, which
generates a velocity command fromthe target velocity and a sel ected
conpensation torque, which is the 10 conpensation torque of the present
surface. In another enbodi nent of the present invention, a velocity control
system for an actuator assenbly is provided. The velocity control system
I ncl udes a conpensation torque database, which is used to store a
conpensation torque for eac of a pl urallty of surfaces over which the
actuator arm noves. The corhBBHE of ithe dna ¥base is also 15 used to
out put a sel ected conpensati on torque based on a position of the actuator
arm The vel |. nerate a
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ot aur | EOMBAHDSOMDAe Bt Sgl 81 b or it PR ORI HO s fhos ant
sur f age &&gﬁengmna@@uabpmeﬁfdg@ﬂtguﬁg@w ng over. A default conpensation torque
of the 4 present surface is selected to nodify a target velocity to

generate a velocity command. The velocity commuand then directs the
actuat or ar m FoAogien emhedigent ofi 1Be resend H’b‘fe?tm% a velocity control system for an

actuator assembly is provided. The velocity control system includes a compensation

torque database, which is used to store a compensation torque for each of a plurality of
surfaces over which the actuator arm moves. The compensation torque database is also

15 used to output a selected compensation torque based on a position of the actuator arm.

The velocity control system also includes a detector to generate a velocity
feedback from the actuator assembly. An integrator coupled to the detector and the
compensation torque database. The integrator is used to integrate the velocity feedback
to determine the position of the actuator arm, which is then mapped to one of the plurality

20 of surfaces. A controller is coupled to the compensation torque database and the detector.
After receiving a target velocity, the velocity feedback, and the selected compensation

torque, the controller generates a velocity command for the actuator assembly.

In yet another embodiment of the present invention, 2 method for loading an

actuator assembly having an actuator arm is provided. The method begins by providing a

25 default compensation torque for each of a plurality of surfaces the actuator arm moves
over to form a default compensation torque table. The method then determines a present

surface that the actuator arm is moving over. A default compensation torque of the




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 understanding 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 shagh suf8&CEs RRbiel No F8idMy a taha® VEREIRS gdrratd A SERERP botaPS CUr €
the preséent invention. Figure 1 rllustrates "an actuator assenbly 10 of a

di sc dri Ve velosigyenmmmand then directsethp actuatprarade dnad dbgactuptariasssablenbodi ment  of
the present invention. Wien the actuator 10 assenbly 10 is disposed in a
disc drive, the actuator arm 18 is used to support a read/wite head, which
actuator arm 18 noves over a disc 14 supported by an air bearing. During

| oadi ng and unloading to the disc 14, the actuator arm 18 is supported by a
suspension |lift tab to contact and nove across the ranp 20. Figure 2
illustrates the ranp 20 in greater detail in accordance with one 15

enbodi nent of the present invention. The ranp 20 includes a nunber of
surfaces, a ranp tip 22, a ranp contact 24, a ranp top 26, a detent slope
start 28, a detent slope end 30, and an outer dianeter crash stop (OCDS)
32. Because servo information is not available fromthe ranp 20, a back

el ectronotive force generated by the actuator assenbly 10 may be neasured
to provide |location feedback for controlling an actuator 20 arm 18 as the
suspension |lift tab noves on the ranp 20. When the disc drive is not
operating, the suspension lift tab is parked in the detent of the ranp 20.
A latch 12 exerts a magnetic force, also known as a latch force, to keep
the actuator arm 18 in position to protect the actuator arm and the head
fromany vibrations. During operation, the actuator assenbly 10 receives
comand si gnal s




25 through a printed circuit cable (PCC), directing the novenent of the
actuator arm 18. \Wen the suspension |lift tab noves on the ranp 20, its
novenent and velocity is affected by external disturbances, which are
commonly referred to as torque or disturbance torque. Wile the suspension
lift tab is in contact wwth the ranp 20, 6 disturbance torque is conprised
mai nly of torque arising fromranp friction. The ranp friction may vary
because of the different types of surfaces (having different slopes) that
are used to formthe ranp 20.D&m@msbﬁg‘mhart show ng the changes in

di st urbance torque based on an angle o the actuator arm 18 during

| oadi ng and unl oadi ng. The angl e of the actuator arm 18 cqrrezlgonds to a
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devel opefesd/write head, which actuator arm 18 moves over a disc 14 supported by an air bearing.
During loading and unloading to the disc 14, the actuator arm 18 is supported by a

suspension lift tab to contact and move across the ramp 20.

Figure 2 illustrates the ramp 20 in greater detail in accordance with one

15 embodiment of the present invention. The ramp 20 inéludes a number of surfaces, a
ramp tip 22, a ramp contact 24, a ramp top 26, a detent slope start 28, a detent slope end

30, and an outer diameter crash stop (OCDS) 32. Because servo information is not
available from the ramp 20, a back electromotive force generated by the actuator
assembly 10 may be measured to provide location feedback for controlling an actuator

20 armm 18 as the suspension lift tab moves on the ramp 20.

When the disc drive is not operating, the suspension lift tab is parked in the detent
of the ramp 20. A latch 12 exeris a magnetic force, also known as a latch force, to keep
the actuator arm 18 in position 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,




20 are constantly under pressure to reduce in small formfactor drives. To
overcone these nechani cal design constraints and to ensure the actuator
assenbly is able to |l oad 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 agtuator arm 18 b es. & ing the
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I nvention. The velocity control system 7 40 includes a controller 42 that
i s coupl@euged to farm e Em®Abpase 44 and a plant 46. The control system 40
al so includes a detector 48, which is coupled to the plant 46, and an
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secures the actuator_arm 18 to the detent when the actuator arm has been
par ked. ‘@EF?@PgPVTTéEe‘?J‘FC mstur bance torques may be caused by suspension
spring force 10 and ranp friction force. The conpensation torque table is

then used by Thhsis ﬁ’gﬁi@ﬁlﬁ yubadiinen, teysideniietebdis maitivhed avdr thewmpl 20m nat e
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q the number of surfaces that form the ramp. Each surface has specific torque
characteristics that may be measured and used to aid in controlling the velocity of the

actuator arm 18 during loading and unloading.

15 The most sensitive portion of the ramp 20 is the ramp tip 22, from which the
actuator arm 18 departs during loading and to which the actuator arm 18 lands when
unloading. To minimize the effect of spring torque and the sudden gain or loss of friction
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




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 conmand, which conprises an

el ectrical current that 1is then transmtted to the actuator assenbly

t hrough the plant 46. The plant 46 includes a nunber of nodul es that
transformthe current into acceleration and velocit¥ conponents, 20
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control the actuator arm .
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




VWhile the velocity control systemof the present invention may be used to
10 conpensate for disturbance torques in many 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 small formfactors (i.e., below about 1 inch). However, to
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device is__powering.u C i fiffel & Spit be
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def aul t £odpERS@idn@Rd tosoauel thasctdsiobaen sel ected, it may then be fed

forward to the controller to generate a velocity conmmand in a block 106 to
| oad t he act r assenbly. To.begjn | i n t h 1 r t be
Al zad il (62 5eRA contl et °9§Eg? PRt @"%‘%ﬁﬁ?’é’gﬁ L %%‘Q?ﬁ he
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posi t1 ONgdukt Ag: QaM8F b AidcCEROT ¥RE Preséht liRnBON Y PartiBiilarly 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 tumed on. To prepare the actuator arm for operation, the velocity
control system selects a default compensation torque from a default compensation forque

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 is applied to push the actuator arm to the ODCS. The back electromotive voltage




The met hod 100 then determnes in a block 108 whether the first | oading
process 5 has been conpleted and whether a calibrated conpensati on torque
tabl e has been wuploaded. If the calibrated torque table is received,
subsequent | oadi ng and unl oading operations will use conpensation torques
fromthe calibrated torque table in a block 110. The cali brated torque
table is typically derived fromdi sturbance torque neasured during the
fact ory themwiearadubedotot ddtert twhicthee theabetestot hast reached rthe OGS ciThe dadaby desi gned

for 10 th articular disc drive, Ho er cayse. the cal.i brated torque
tabl e nLA:?Ea%E F%%ﬁﬁ%ﬁlei fﬁf%wrcaﬁmﬁau%eﬁﬁstﬁe M ?S?L%A ti‘a?iﬂmliug’?l‘%isl?gm% t he
di sc drijygnsdie BedOiard toAktonireMma! | y, because di sturbance torque conditions
change during the life of a disc drive, additional testing nay be done to
update the torque table. If the calibrated torque table is.. not received
(for exanpl e,mm@ho%me%@tmmqsgw&%ﬁésw&w% Bt leaRero8¥ on t or que
15 tabl & hdon PEmsTGEH 2R AwiRhRE K %Ql?bra ol IsbnpeRisatisn odqu®WaklB ik Wdena met hod
200 tO genera{le a‘velocrty comuand for an actuator assenbly in_accordance
Wit h onepdoddedi FBthe calibrated tenqes table isrreeeivédo substiusnt loeding and wologdigens at a

bl ock 202 in whi ' |.S: | : h
su?? acesoﬂeﬁfmi I 'ﬁgfﬁl%%%%%@qﬁgﬁﬁe %@gﬁge%ﬁ%ﬁggg%%éﬂgg&%ﬁ?fet vgl ocity

control 20 system deternmines a position of the actuator arm by detecting a
BEMF of the &XHeualibiatedasgasabl.is FipicaBiEkErives] frdre disturbange torges measust er ni ne

t he position, ich is then mapped ta one of the surfaces. su s a
detent i gf%%vgacw Bogfse &0 ?Pt?lgéqrqﬁggl?l?ﬁ@@trgf’ mere W‘nﬁﬁ%&ﬂeﬁ géggocri bed in
nor ejgletigl Lpal‘ti@ufap Qist AV @ WHRGre G UBddast the calibtatkd Biyird tdblsheing bedoadefir / Kj ) * At
25 d Actuator armposition information r Actuator_armradius KL Magnet

t or que coipsrandpm 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

BEMF is described in more detail in the following equation:

d=d + BEMF*u, where u=(r/ Kj *At
25 d Actuator arm position information

r Actuator arm radius

K, Magnet torque constant

At Sampling time

10




At Sanmpling time 10 In a block 206, a target velocity is provided for the
actuator armand received by the velocity control system Finally, in a
bl ock 208, a velocity command is generated fromthe target velocity and a
sel ect ed conpensation torque, which corresponds to the present surface
that the actuator armis operating over. The detected BEMF al so provides 5
vel ocity feedback, which may be conpared with the target velocity to

generate a vehQChlbok 209, &Qérgetﬂ&ﬁ;citﬁsgﬁbﬁﬂe&ﬂmmabm arhend seiyedby at ed from
the velocity error and the selecte fon%nsation torque., . n.Q0& grrbodi ment
of the pheselerity somralisgsiem: Hanally) imf Rlock érﬁﬁ&l"‘?‘&b?‘)é‘%ﬂﬁ&?“ﬁeg u%&at ed by
0ading A0 HOLagd ifhchDSnd Gl HRLR ARBEERISH shes sERhdontrbies wohec t y

error 1 aP° &TEEt COF Dosi tions defi hed by d(n

1 % The et hod for_generating
the vel opredeyt surfaoe tHasthe detmator dredisionemtngoveat Ahe detepted REME alsp PSS e| oci ty

error _[d(n)] = arget .yelocity - vel , . =

2.9, 1‘%‘%“3&?&@?@@5‘?"\&1@3&— é_lf’,n?a?e%.%%nu Er%tr%%g%ggeﬁfl?tg?aﬁ%%g; and
d(n) is &he. SPRPEASEHRNcdrhind by tiemabd geneptted framatbé iveledityp esor dnghthe The
torque table is then updated by using the velocity error as detailed in the
equat i onselezdTorgparsafied Wrque= t orque [d(n)] - a* {velocity error [d(n)] }
where a = a learning gain that is a constant and can be varied to reach an

equi librium pAfter uiatal R thdifreldt aentinl, @Racdibraddetonuo aade neyrimy be
repeated several tines to continue updati nglataga t or que.database until the
aver age wmlatedityyloadingand wnlpading fhy actpajor assem! regorling the VEIGRIEY §1T0% 100 of

the tlﬁr gPotr avs%k of ipBQitions defined by d(n). The method for generating the velocity error is

described in more detail in the equation:

velocity error [d(m)] = {target velocity — vel{d(n), K]},
wheren=0,1,2,...... 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 velocity error as detailed in the
equation:

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

where o, = a leamning 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 umtil 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




In summary, the present invention is that it provides feed forward torque
conpensation for a velocity control system of an actuator assenbly. The
feed forward torque conpensation value is used to generate a velocity
command si gnal which keeps actuator arm novenent snooth, wthin about 10%
of the target velocity, which may be 11 between about 2 ips to about 5

i ps. The present invention therefore reduces the risk of damage to

sensitive conponents, of a disc drive, in parti.cular through gcontact. between
the readeiiferh abowd 2divg ) abatit SdP%cl.Ihel'H@S‘?}"éll%‘{ﬁnP?/n #@E"tﬁ%tgcfﬁ&{‘g%ﬁl?d}&s#st emis

particul ﬁgﬂg%()%et teff&?s‘%ﬁ‘iﬁvc%rdpanéﬂté&f Ak @Svalrd ParSETMdr!thibBET gt Betereerd e exanpl e

of bel ow inch. 5 O her enbodinents of the inventigon will be
appar ent ré¢ad/wiitosteead kand| the dise. t Fheavelocityr Gedlask sqontph systin d¢ partisularly

speci ficatd gn _and. pr.actice of .t i i 1 feRtain
t er m nol 8&9&?’8%“ g’égﬂnﬂ?e ﬁ’f%@‘t‘ﬁ?%ﬁ%@?&‘g&&?‘g g%i%rglfog%b\%tc arity, and not
tolimt the present invention. The enbodi nents and preferred features

descrised aboehe mibodimdnes ahihs iinhention evilk el appgrentviot thosengkilladviarih¢ 8 bei ng
defined by the appended_ gl ains.. 10 12 Al t.ls gl ai I1Ss. 1. A
vel ocity ﬁ@HhFP’é‘il‘Peéiﬁg’Peﬂf ﬁl?r Sp&ﬁlﬁﬁ%tf%%‘f]p%ggwmﬁ%é%eﬁ%@ap@%P%%PE)% arm
moveabl e cengh téﬁnﬂldlkﬁ%" Hab Be&f ustd TEraRe BurpbfB of UedcHipi ety Sdndgiot & limit
conpensation torque database configured to store a co;rpcéig?igﬁl on t{l)lrgque for

each of tieepngsent &ivenijorof Theprpbdiments gnd prebeyresk fontuess e V6 shptldgrate a
velocity bgf]p oﬁsrf&rgf&&léﬁ%&%%%@ tﬁggwe%gsnﬁgre?ﬁfrggg?em{hya%géd tikgnsact uat or arm

in terms "Of one O urality o
10
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and a controller operably coupled to the integrator and the conpensation
torque database, the controller being configured to generate a velocity
command froma selected conpensation torque, in which the selected
conpensation torque is a calibrated conpensation torque associated with
the position of the actuator armifcighgmgonpensation torque database
receives a calibrated conpensation Torque table, and in which the sel ected
conpensation torque is a default conpensation torque if the conpensation
t or que da%@%ﬁ%ﬁﬂ% es ;not receive a calibrated conpensation torque table.
2. The control” systemas recited in claiml1, further conprising a detector
operably coupled to the controller and configured to generate the velocity
by detecting a back electronotive force of the actuator assenbly. 3. The
~control systemlad velasity santrel syptampfon an pgtester gssembly havinglantagtugtor agur f aces

i ncl udes I ‘ﬂﬁﬂ?' dj Y . The control system as
recited i %ﬁ?@lﬁq‘é@%\?&@rﬁg n ti]ugfa%séth%gﬁ{%ﬂg cﬁggﬁligm-éf orm factor of bel ow
about 1 inch. B.coifipensatoh tartjusysime amilgnedd @ dtdreia chbmpensationtveqei for t he

velocity feed k  is.wihin about 10% of a target velocity. 13 6. A nethod
for contrSWﬁﬂﬁﬁﬁmﬁﬂghﬂﬁ%ﬂFﬁﬁﬁxactuator arm noveabl e over a plurality of

f , th b SO n i i tabl e i
surfaces e grtd, aﬁgmfﬁ@gdwg%gégggagp@mggaﬁ%bgm%a{@ue able in

whi ch each of the pluralit ssocl ate a conpensation
torque; ddetermingiarpgsitiopof thei aptuatir arthén &erng af one af the phuraléy o safacesie of t he

pIuralltyagg
a controller operably coupled to the integrator and the compensation torque

database, the controller being configured to generate a velocity command from a
selected compensation torque, in which the selected compensation torque is a
calibrated compensation torque associated with the position of the actuator arm if the
compensation torque database receives a calibrated compensation torque table, and in
which the selected compensation torque is a default compensation torque if the
compensation torque database does not receive a calibrated compensation torque

table.
2. The control system as recited in claim 1, further comprising a detector
operably coupled to the controller and configured to generate the velocity by

detecting a back electromotive force of the actuator assembly.

3. The control system as recited in claim 1, wherein the plurality of

surfaces includes the disc and a ramp in a disc drive.

4, The control system as recited in claim 3, wherein the disc drive has a

form factor of below about 1 inch.

5. The control system as recited in claim 3, wherein the velocity feedback

is within about 10% of a target velocity.
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surfaces; generating a velocity conmand froma target velocity and a

sel ected conpensation torque associated with the position of the actuator
arm in which the selected conpensation torque is a calibrated
conpensation torque if the uploading is received and in which the sel ected
conpensation torque is a default conpensation torque if the uploading is
not received. 7. The nethod as recited in claim®6, further conprising
generating a &al4 Briiediiop spmeqlline mewement of pp AstHatoermr moyeable overand t he

sel ected %mestﬂg%%om%ﬁis&g% he sel ected conpensation torque is
torque |

t he cali brated”conpensation he cal i brated conpensation torque
tabl e is receupleadinga cdingesatitow tbraise tableiih @dhidhreach af the pluridtyi of@uifies act uat or
armat a target. velqcity between about 2 ips to about 5 ips. 9. The nethod
as recited F’%O‘Gmﬁgﬁﬁ’l%a?ﬁv{’éﬁ’eé]isﬁlqlﬁer%‘éi ocity feedback is to mmintain a

vel ocity of thgedgh ta%osﬁlfoﬁﬁ!d@tﬁé‘éd?ua%&%& &Q@ﬁefoffoﬁgo%a{eg,?&mﬁ lgeity. 10.

The nethod as recited i'n claim®6, wherein the plurality surfaces forma
ranp in asdifseesdrive having a formfactor of below about 1 inch. 11. The

method as recited in claim6, in ich | oadi ng further conprises noving
the actuat or ﬁmae‘]&ﬁg&svse?‘fcﬁtg CBHP?%%%}“BEQE?WL&E& apd asplegted 2 calibrat ed
conpensat icgpkfNabbe tdrQtic £36¢1aRll withath® bikifbd stth@hetimbf A9 Sn whchliBe A met hod
for noving a read/ wite head conprising: providing a calibrated

conpensat isekcted coqmpertsetion tishuens agalibmaied|compengatign idrgeel the eploasting ia

calibrate . ; rmoning a present surf of the read/wite
head. in \‘%&eg{]e%téﬁg 1%?)(1312%1 nt?xg SEEQLE corgpensguon torque 1s a 4t compensation
torque if the uploading is not received.

7. The method as recited in claim 6, further comprising generating a
calibrated velocity command from a velocity error and the selected compensation
torque, wherein the selected compensation torque is the calibrated compensation

torque if the calibrated compensation torque table is received.

8. The method as recited in claim 7, moving the actuator arm at a target

velocity between about 2 ips to about 5 ips.

9.  The method as recited in claim 7, wherein the velocity feedback is to

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

10. The method as recited in claim 6, wherein the plurality of surfaces form a

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

11. The method as recited in claim 6, in which uploading further comprises
moving the actuator arm across the plurality of surfaces to obtain a calibrated

compensation torque for each of the plurality of surfaces.

14




surface is one of the plurality of surfaces; generating a velocity conmand
froma target velocity and a selected calibrated conpensation torque; and
determining a velocity error for each of a plurality of positions of the
read/ wite head; and updating the calibrated torque table using the

vel ocity error 1b0 @e6ddFbr hbeing Blrtddahiitoihead captisihens. ps il s 151
providing a calibrated compensation torque for each of a plurality of surfaces
'~ to form a calibrated torque table;

determining a present surface of the read/write head, in which the present

surface is one of the plurality of surfaces;
generating a velocity command from a target velocity and a selected calibrated

compensation torque; and
determining a velocity error for each of a plurality of positions of the

read/write head; and
updating the calibrated torque table using the velocity error for each of the

plurality of positions.
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