
;z{e3eF[pFX|:06Tp<E2 13 June 2003  5 ~. METHOD OF CONTROLLING THE SPEED OF
AN ARM OF A DISK DRIVE The present invention relates to a method of
controlling the speed or an arm of a disk drive and, more particularly, to
a method of controlling the speed of parking the arm on a ramp. 10 A data
storage disk drive consists of at least one disk on which data is stored, a
read/write head mounted on an arm to read or write on the disk surface, and
the necessary control circuits. The disk is rotated at a constant velocity
by a swindle motor and the arm is moved over the disk surface to read from
or write to different locations on the disk surface by a voice 15 coil
motor (VCM) When there are no read or write operations for a relatively
long time or upon power down of the disk drive, the VCM arm is
traditionally parked towards the inner diameter of the disk. This is
necessary to avoid any damage to the surface of the storage medium by
physical  20 contact with the read/write head. The storage area the disk is
?one: ally made smooth to maximize the data density. If the aril is parked
on the smooth surface, the spindle motor will experience more Diction when
it stasis to spin the disk. To avoid this friction the surface of the disk
over which the arm rests can be made wit: a particular texture. This method
of parking has two-rain disadvantages: the effective area that can be used
for Storage is reduced; 25 and the read/write will wear more quickly. To
avoid the problems mentioned above associated with parking the arm at the
inner diameter of the disk, the arm can be parked away from the disk
surface. The arm can be t-moved over a rare at the outer edge of the disk.
It is desirable to be able to actively control the speed of 30 the arm to
deliver the arm to the ramp as fast as possible without damaging the disk
drive   , _ ___ :;, . - . . . 13 June 2003 . r . _2, In accordance with the
present invention there is provided 3 method o. con 4 0 fling the speed of
an arm of a disk drive, including the steps of: obtaining a feedback sisal
representative of the speed of said arm comprising said feedback signal
with a predetermined command-n~.d signal representing a command Screed to
determined an acceleration state of said a:-n; and adjusting a drive signal
for a motor to drive said arm at laic' command speed, said drive signal
being adjusted, depending on said acceleration state to drive said -n motor
at a predetermined level. 



10 The present invention also provides a system for controlling the speed
of an arm of a disk d=ive, including: feedback means for generating a
feedback signal representative of the speed of said arm; and drive means
for comparing the feedback sisal with a predetermined command 1 ~ signal.
representing a command speed to determine an acceleration state of said arm
and for adjusting a drive signal for a motor to drive said arm at said
command speed, said drive signal being adjusted, depending on said
acceleration state, to drive said motor at a predetermined level. 20 ~
preferred embodiment of the present invention is described in -eater detail
below, by way of example only, with reference to the accompanying drawing
in which: Figure 1 is a block diagram of a preferred embodiment of a VCM
system; and Figure 2 is a how chart of a method of adaptively controlling
the speed of an arm of a VCM system. ' 1 ~f~flF-pIJ;~-, . _ `J Vr,y/   .c_
___ _, :_, 13 June 2003 ' '., '.~ . . .. - ~ ~ _~~,_ In 'toe embodiment of
the VCM system shown in Figure 1, a voice coil motet M is driven. by two
complir-complimentary drivers A and B. The  PWM logic 8 control the two
drivers wit: PWM drive signal based on the feedback information on the
motor current Im and the back electromotive force (BEMF) oz the motor. The
BEMF =' is sampled by a BEMF feedback circuit 6 across the motor, when We
current is zero during the down-pulses Or the PWM cycle of the PWN logic 8.
The current through the motor Im is detected by a current  feedback circuit
4 by a sensor resistor (RS) 2 connected in series grit'. the motor. the PWM
logic 8 is responsive to a current feedback sisal generatd by the current
feedback circuit 4, representative of the current Im, to adjust the drive
signals for the drivers A and B ' 10 so as to drive the motor at a ;.
~r.'_-I   13 June 2003 -3  motor current limit Ilimit The PWM logic 8
adjusts the value Ilimit as described below) based on a BEMF signal
generated by the BEMF feedback circuit 6 that represents the BEMF and the
speed of the motor 5 The steps executed by the system are Shown in Figure
2. when corrL-commanded to park or there is a power down at step I2, the
arm is driven at a preprogrammed or command speed towards the ramp, and
then driven up the ramp at the commend speed to complete the parking. T"ne
(' , , . command speed is chosen to be small enough to avoid the situation
whereby the arm hits the ramp at a relatively high speed, bounces back and
damages the disk. 10 The speed of the motor is determined by a drive
voltage Vdrv, provided by the d: fivers A and B across the motor Vii. The
current through the motor has an upper limit determined by the value of
Ilimit and, together wigs V drv , defines the maximum power delivered to
the motor for a given acceleration state of the arm. The speed of the arm
is determined to have one of 



Z5 three acceleration states at any given time: accelerate) decelerate and
idle; and the acceleration state number is given, by "i" (e.?. sate; =
accel; state,.; = idle). Initially, at step 14, the current limit value
Ilimit is set to a predefined value In, the number of the state is set to
zero and the initial state is set to "idle" . At step 16, the number of the
state 20 variable "i" is Incremented and the timer is reset After
tri-stating the output of the driver s and waiting until the timer has been
on for a period of time T1 at step 18 (for the recirculation of the current
to die down), the BEMF of the motor is sensed by BEMF feedback 6 at the
motor terminals. The next state is determined at step 20 based on a
comparison of the measured BEMF and a commend voltage signal V c^d. The
level Vcmd of the command voltage is 25 representative of the desired
command speed at which the motor is to be driven. If the measured BEMF is 5
ease: than Vcmd, the sate is determined ;n step ?4 to be "decel". If the
measured BEMF is less than Vcmd, the state is determined in stew 22 to be
"accel" . If the measured BEMF is equal to Vcmd, the state is determined in
step 26 to be "idle", Then whether or cot the motor is in motion is
determined by checking for zero BEMF in step Z8, 30 whereby if the BEMF is
zero, it is determined that there is no motion. I: there is no motion,   13
June 2003 a time coin^.ter "count" is incremer_ted at step 32. If ere is
motion, the counter a reset at step ' 30. The counter is compa:ed with a
preset value ~' at step 3~, and i: there is a lack of motion, this
indicates that the arm has been loaded on the rasp and that it has
encountered a mechanical stopper and the loading is detcrmin~ to be done at
step 36. Otherwise, at step 38, 5 using the last ttvo states, the current
!itrit value I;,~~ is updated (according to the algorithm. shown in Table 1
below). Since the torque applied to the motor is propcr-dcnal to the
current (if the motor is ~.oving), different curreat Ii.~it values will
result in differ ent torques per PW'1-2 cycle delivered by the 10 P'~/NI
logic 8. At step 40, if the current state is "idle" ) the process returns
to step 20, whr a the BEViF is monitored to update the next state. ~~'nen
the present state is not "idle" (i.e. either "accelerate" or "d~elerate"),
the output drivers are driven at step 42 in an appropriate direction until
the motor current I," reaches the current limit value I~;~;; at step 4z.
Then the process returns to step to and the BE1~ is sarzipled and compared
with ~rcmd at step 20 alter 15 tzi-stating the output drivers and waiting
at step 18 until the timer has been on for a period of time Tt. After a
cerain number of cycles, the arm will be ariven a: a constant speed
corresponding to the command BENiF voltage. When the arm is climbing the
ramp, it experiences additional 20 friction which reduces the speed, and
in-turn a lesser EEViF is produced. The feedoac~ loop adjusts the curxeat
limit value to provide the required torque per P~~r cycle to maintain the
eomruand sueed. An advantage or" the adaptive current limit value is that
until the command Speed is achieved, ?5 tI`~e current limit is modified to
provide more torque to achieve the command speed in a ' shorter time_ Once
the cornrnanded speed is a::hieved, the current limit value is minirised)
and hence the torque applied in each PW'1~i e~ cle ~ smaller, resulting us
a snoothJ.y controlled speed. 30 Table 1 shows the algorithm for changing
the ,.gent ;unit value. Tae current limit value I.",u,   13 June 2003 



-5 determ.i.nes the amount of torque provided to the motor in each PWLT
cycle, such that a higher I;,~,~~ value results in a caster change in the
BE~iF with respect to time. ~v":ether the ~-:n is accelerated or
dec~lcrated is determined by the direction of the motor cuL-rent (i. e.
from driver A to driver B or nom driver B to driver A) which produces a
corresponding direction. of the BEMF. When two consecutive states are
"idle", ilmplying that tl'~e a:-m is at the colmmsnd speed, the current
limit value is decremented by one step, so as to re:ch the minimum current
limit value) which will result in srr~ootner speed control. V'hea tyro
consecutive states are "decel", implying that the arm is slowing down due
to i~riction, t:~:e cur:ent limit value is inc: emented by one step, to
provide more torque to over come the it fiction. cVhen two 10 consecutive
states are "accel" ) the c~.crrent 1:mi: value is incretrented by one step,
to slow 1~ down the arrr in a shorter time. For othe: cases the current
limit value is not changed. Vv'hen two consecutive states arc both "accel"
or "decel" this indicates that the target BEyIF, i.e. the command speed, is
further from the current val~ce of the BED and accordingly more torque is
requireri per PW'~f cycle to achieve the target in a shorter time. Table 1
20 2~ Decision lVo. ~state;., ~state; ~Change in I,;",;~ for
state,1idleidleDecrement by one step2 Jidle i _. _ __. ~__ ..._accel _No
change~_.~_.~_ 3_ _ idle ~deG,1No change4 Iaccel Iaccel IIncrement by one
step5acceldecelNo chan?e6accelI idleI No changedeco!` decelIacreyez<t by
one step8 ~deceiI acce!I No change9~ deceli idleI No change It wiL be
appreciated by a person skilled in the art that enharcemenrs and
alterations may be made to the above-described method without departin5
Iron the spint and scone of the present 30 invention.   13 June 2003 -6
CLAIMS: I. A method of controlling the speed of as :.'-m of a disk drive,
including the steps of: obtaining a feedback signal representative of the
s, eed of said arn; cer.lparing said feedback si~a.:l witl': a
predete.,--pined comma d sy.:l r.carescnz:na a command speed; and 



adiust:ng a drive stgaal for a m~oter to drive said arm at said cam~d
speed. 2. A method 3s claimed i..-t claim 1, w::e:ein said feedback signal
is compucd :o saic 10 command signal to detenrine an acceleration state of
said arrc. 3. A method as cla;rned L-~ clain_ Z, wize-e:n said step oz
adiustir~ includes ir:creasing or decreasing said drive sisal. I~ 4. A
method as claimed in claim 3, wherein said acceleration state is used with
a previous acceleration state to determine whether to increase or decrease
said drive sisal.. 5. A method as claimed in claim T) wherein said drive
signal is sec to drive said moto: az a predetermined Ievel, and when said
accele wt:en state and said previous ace eleration st~t~ ~...._ 20
indicates no acceleration) said predczc~-m:.ucd Icvel is decreased. 6. A
method as claimed it: claim 5) vrlzrein when said acceleration state and
said previous acceleration state indicates acc,.ple:ation, said
predezerinit:ed level is increased. 25 7. A method as claimed ir,, cla;,m
6, whe;e~n when said acce!e:ation su:e and said previous acceleration state
indiertes deceleraue..^., said arcdeter.^.,.med level a increased. 8 . A
method as clairr:ed in claan ~ , tu:--:ne: including the step of obtaining
a curreta feedback signal representative of a c~..tr;ent supplied to said
motor. 30   s 13 June 2003 a 9. A method as claimed in claim 8, further
including the step of racdif;y ing said drive signal in response to said
ct:rrent feedo, ck si' al to drive said motor at said predete:~i.~ed level.
5 I U. A method as claimed is c:a.~ 9, wherein said feedbac!c sign :1
represents the baca electromotive force (BEh~ of said motor. 11. A :zzethed
as clai.ned in any preceding cla.is-n, wherein said drive sisal is a pulse
width modulation (PWIy signa). and said BE1~LF is meaured daring low pulses
of said PW'1~i sisal. 10 12. A methcd as claimed in claim 1 or I 1 when ein
said command speed corxesnonds to a speed at which said am is commanded to
mo~,~e to a parki=.g region. 13. A method as claimed in claim 1 or 12,
wherein said am includes a head of said disk 1~ drive. 14. A method as
claimed in claim 1?, further including the step of determining said arm is
parked when said BEMF is zero. l '~U 1~. :~ method as clained in claim I4,
wherein said arm is parK~ in said parking region. 16. A method as claimed
in claim 1~, wherein said nar~ng reQien includes a ramp. 17. A method as
claimed in clains I6, when ein said ramp has a mechanical stopFer for 25
stopping said motion of said arm.. 18. A rrethod as clued in anv one of
daims 11 to 17, wherein said motor is a voice coil motor. 30 19. A system
for concrolliz~g the speed of an arm of a disk drive, including:   13 June
2003 



_g_ feedback means for ;eneratng a feedback sign: l r epresenr3tive of the
speed of said ' arm; and drive me =rs for comparing the feedback sisal wah
a predet_rmined comm.,and signal rpreser_ting a command speed and fer
adjusting a dr ive sijnal for 2 motor to drive said arm 5 a: said command
speed. 20. A system! as claimed in claim 19, wherein said feedoack signal
is compare to said command sij .al to deterrniae an acceleration state of
said arm. 10 21. A syst..m as claimed in claim 20, wherein said adjusting
includes i.-!creas.tig or decreasing said drive signal. 22. ~. system as
clawed in claim 21, wherein said acceleration state is used with a previous
acceleration state to determine whether to increase or decrease said drive
signal. 15 23. A system as claimed in claim 22, wherein said drive signal
is set to drive said motor at a predetermined Ievel, and when said
acceleration state and said previous acceleration state indicates no
acceleration, said predetermined level is decreased. 20 2"-.. A system as
claimed in claim 23, wherein when said acceleration state and said previous
acceleration state indicates acceleration, said predetermined level is
increased. 2~. .4 s; stem as cla!n!ed !n cl2Lm 24, wherein when said
acceleration state and said previous acceleration state indicates
deceleratiot:, said predeterrnsned level is increased. 26. A system as
elair.;ec m clam 23, including c:!.f-rent feedback means for generating a
current feedback si~a1 representative of a current sucplied to said motor.
2 i . A system as claimed in claim 26, wlierein said drive means modincs
said drive signal 30 in response to said current feedback signal to drive
said motor at said predetermined level.   13 June 2003 _g_ ?8. ~ system as
claimed in claim 27, wherein said feedback signal repres;.ats the back
electromotive force (BEMF) of said motor. 29. A system as clairned in any
pr~...^.eding claim, wherein said drive syal is a pulse width 5 modulation
(PW~~ sill and said BE~L~ is measured during low pulses or said P~YI~i
sisal. 30. A system as claimed in claim I or 29 whc:;.in said command speed
corresponds to a i ' speed at which said arm is commanded to move to a
pa,~kiag region. 10 31. A system as claimed in clain 1 or ~0, wher ein said
arm includes a hed of said disk drive. 32. A system as claimed in clairn
30, wherein said drive means de:e:m.i.nes said arm is parked when said BEMF
is zero. 15 33. A syst"rm as claimed ILl C13LT. 32, wherein said a_rm is
parked in said parking region. 34. A system as claimed in claim 33, wherein
said parking region includes a ramp. 20 35 . A system as claimed i~a cla im
34, wherein said ramp has a mechanical stopper for stoppinC said motion of
said arm. 36. A system as claimed in any one of claims 29 to 35, wherein
said motor is a voice coil 



motor. 25   ___ _ -10 CLAIMS: 13 June 2003 1. A metl'~od of controlling the
speed of a.-1 ar~_ oi' a disk drive, ~ncluai:-!~ use steps of: ob a ~ ~ng a
feedback sisal representative or the speed o= said a_~; J COI2IDa.i'LP~
said L~dD2ClC SIs al Wah a ~r~d~L~iZlLned CO~a.~d S1~2~ rDr~Se_l~y~ a
command speed to dete~~ine an acceleration state oz said arm; and adjusting
a d.Tve s:~nal for a motor Lo c:ve said a_rm at said command speed, sai d
drive sisal being adjusted, depending on said acceleration state, to drive
s2.id tuotor at a predetermined level. 10 ?. A method as claimed in claim I
, wherein said Step Or adlus'sng includes ir_crea.sir_g or decreasing said
drive sisal. 3. A metl`lod as claimed in ciairn 2, wnereLn Said
acceleration s+,a:e is used wi th a I~ previous acceleration state to
determine whether to increase or decrease said predetermined level. 4. A
method as claimed in claim 3, wherein when said acceleration state a.-id
said previous acceleration state are idle, said oredeterr~Li_aed Ievel is
decreased. 20 A meihod as claimed in claim 4, wZerein when said
acceleration state and said orwious acceleratiomndicat~ accel eration, said
aredeter-nined 1 evel is inc~ eased. 6. A method as claimed in clai.,~~ ~,
w .ereL~ ~~rhen said acceieraTson stale ar_d said 2~ previous acceleL3tLOn
state indicate declara_aen, szid oredeterrn_ned level a L:.creased. 7. A
1a`1Cd 2S Cl3lled Ltl Claii`_1 ~, 11i.!le: lI!Cludi:lj th 5t_p OL
0,^rt31I1:.^.j 3 CuWerlt feedback sya: IC ~: ~Serit3Li'v a CI ~ CuITi erl:
W !D7llZQ LO 521 l~lOLO:. :~ LileC~':CC 2S Cl,ilI'led 1r1 ClalII1 %, IL1
`rlPr l:lCluC.11~1~ tile St-p OL IrlOdLi~'Lrl~ Said dLl`i S1~T131 iii
fPS~OPSe t0 Sald curent ued'oaCic slgrlal LO drive said m020: at said
Dr~detPI:111Pe'.~ r".   . 13 June 2003 -11 level. 9. .4 method as claimed
in claim 8, wherein said feedback sigr!al zepresents ~ae back electromotive
Torte (BED) of said motor. 10. A method ~s clail-ned in any preceding
claim, whe:ein said d~-i ve sigr_a.I is a pulse width modulation (PV~1~
si~.al and said BE~~' is traeastred du~-ing low pu'_ses of said PAM signal.
f 10 I1. A method as claiTned in. claim 1 or 10 wherein said command speed
co:responds to - - a speed at which said a_Tm is co~nnanded to move to a
parkir_g re?ion. 



12. A method as claimed in claim I or 11, wherein said a_-~ includes a head
o~ said disk drive. IS 13. A method as claimed in clam 11, r~-the:
including the step oL deter-n;r;n ~ said arm is parked when said BE11~' is
zero. 14. A method as claimed in claim 13, wherein said arre. a parked in
said parking 20 region. 16. A method as claimed in claim I ~, wherein said
parting red on ~Tcludes a ra:~:a. 16. A method as claLr.:ed i.n. claim 1~,
~Nherein said ramp i,.zs a mechanical stopper for 2~ sopping said motion of
said a~--L. 17. .~ method as clail-r!ed in any one cciai:ns 10 ~~o ic~, w;
~ereLZ said mo:o= is a -.oice coil motor. 30 18. A systerz for con:~ollirg
the speed of an arr, or a dis:t d;:ve, inciuding: feed'oack means for
gezerat:ng a ~eedback signal representative of she speed of sa:d
riiV!~a:~.r:.~ :.i._C~   y "-". - , - 13 June 2003 "' ',.' ,;. .;, , -12
arm; and drive means for comparing the feedback signal with a predetermined
command signal representing a corsmand speed to determine an acceleration
sr3te of said zrm a.~d for adjusting a drive signal for a motor to drive
said a:-m at said command speed, said d~-lve si~a.l being adjusted,
depending on said acceleration state, to drive said motor at a
predetermined level. 19. A system as claimed in claim I8, wherein said
dL--ive means is adapted to increase or decrease said drive signal. 10 20.
A system as clamed in claim 19, wherein the d~Tve means is adapted to dete;
-myne whether to increase or decrease said predetermined level based on
said acceleration state and a previous acceleration state. 1 ~ 21. A system
as claimed in claim 20, wherein when said acceleration state and said
previous acceleration state are idle, said predetermined level is decreased
by said drive means. 22. A system as claimed in claim 21, wherein when said
acceleration state and said 20 previous acceleration state indicate
acceleration, said predetermined level is increased by said drive means.
23. A system as claimed in claim. 22, wherein when said acceleration state
and said previous acceleraTson state indicate deceleration, said
predetermined level is increased by 2~ said drive means. 2T. A system as
claimed in clar~~ 21, including curent feedback means for geaeratin~ a
current feedback signal representative of a current supplied to said motor.
30 2~ . A system as claimed in claim 24, wherein said drive means modifies
said dnve signal in response to said current feedback signal to dnve said
motor at said predetermined   .. level. 13 June 2003 ~"' '"' ;, ." . .,'
-13 



26. A system as claimed in clam 25, wherein said feedback signal represents
the back electromotive force (BEivff) of said motor. ' . 27. A system as
claimed in any one of claims 18 to 26, wherein said drive signal is a pulse
width modulation (1'WIVI) signzl and said BED' is measured during low
poises of said P W'IvI signal. ". .) 10 28. A system as claimed in clai.ra
27, wherein said command speed corresponds to a speed at which said arm is
commanded to move to a par'_ting region. 29 . A system as claimed in claim.
? 8, wherein said arm includes a head of said disk drive . 15 30. A system
as claimed in clam 28, wherein said d:-ive means determines said arm. is
parked when said BED is zero. 31. A system as claimed in claim 30, wherein
said arm is parked in said parking region. 20 32. A system as claimed in
claim 31, wherein said barking region includes a ramp. 33. A system as
claimed in claim 32, wherein said ramp has a mechanical stopper for
stopp111g said motion of said arm. 25 3=. A system as claimed in any one of
clai<-ns 27 to 33, wherein said motor is a voice coil rsotor. nl:Jl~=v.._J
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