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duri r‘fg accel eratign and deceleration of the actuator arm Since the
velocity profile is designed assum ng worst case conditions so that
adequat e decel eration is available, then all of the files not operatK’MPJ (77/3
under worst case conditions operate at |ess than an optimal |evel. SUWARY
OF THE | NVENTI ON According to one aspect of the invention there is

di scl osed a nethod for controlling the novenent of an actuator arm.assenbly
in a disk drive, the actuator arm assenbly nmovenent being controlled by
controlling the current to a coil of an electrical notor associated with

t he act uat ®#Q9-98r®3met hod conprising Lthe 'steps of: selecting a desired
target position, and desired target velocity associated with the desired
target position; . applyi c ﬁj _ﬁ{ to r% coil of the

el ectrical nmotor to acé@ er a’%bﬂ) 4R éug&o%%}iorﬁnm&g EE, determ ning the
position of the actuator arm assenbly and the di stance of the actuator arm

assenbly from te jracget ipRatidnOferdbid Pb Whal fikYd @ SBRPIAves which

are elso called direct access storage devices (DASD).

More particularly, this invention pertains to a method and
appératus for reducing the time necessary to move a transducer attached
to the actuator arm from one position to anothert position relative to
the disk. In other words, this invention pertains to reducing the seek

time for a disk drive.

One of the key components of a computer system is a place to store
data. Typieally computér'systems emp1by a number of storage means to
store data for use by a typical compnter system. One of the places
where - a computer can store data is in a disk drive which is also called

a direct access storage dev1ce..
A disk drive or direct access storage device includes several disks
which look similar to 45 rpm records used on a record player or compact
disks which are used in a CD.player; The disks are staeked on 5
spindle, much like several 45 rpm rerords awaiting to be played. In a
disk drive, however, the disks are mounted to the spindle and spaced

apart so that the separate disks do not touch each other.

actuali acEfg \ED wEaces is divided into portions where data is
stored r%grﬁﬁsnum of tracks sitnated in concentric circles

dlsk drive is further subd1v1ded inteo a number of sectors Whlch is

essentially just one section of the circumferential track.

Disks in a disk drive are made of a variety of materials. Most

commonly, the disk is made of metal or plastic. The material from which
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tinmes; determining the velocity associated with each of the positions of
the actuator arm assenbly at each of said plurality of sanple tines;
determning a ninimum di stance'to decel erate the actuator arm assenbl y by
appl yi ng decel eration current in saturation node, fromthe velocity
associ ated with each of said pl urality of sanple tinmes to the target
velocity; conparing the determ ned m ninum di stance, to the distance of the
actuator arngregporbdsy fromthe target position for each of said plurality ~
of sanple tinmes; and applying deceleration current operating.in saturation ..
‘node to the coil once the deternined m nimum di stance is within a sel ected
amount of t hehediiskair mads detprmigesybevodaty is fstoradt ore therdgek. pbgilesoir for the-

par{ |hcul ar S@s{ml &ubh 48 wuséltuséeaﬁcmg ti&gdﬁahiaedsin%r Dilers AGEY @AJLQt t OI |
anot her aspegt 0 ntion re.js dis or controlling
s pee éin£° Gend 45040 baCE f ‘gﬁgkmdﬁ"{?éa{)gﬁ% k gptaidfor arm

the novenent o actuator arm asse
assenbl y noveaspetizies pertdent of| theddipk @Dm MSItPlrmghiCheerlle(rtsnthet datm.coi | of
an el.ectri cal .

To store da;a on a metalldisk, the metal disk is magnetized. 1In
order to magnetize the surface of a disk, a small ceramic block which
contains a magnetic transducer knuwn as a read/write head is passed over
the surface of the disk. More specifically, the read/write head is
flown at a height of approximately six millionths of an inch from the
surface of the disk and is flown over the track as the read/writé head

is energized to various states causing the track below to be magnetized

to represent the data to be stored.

_Tq.retrieve_data stored on a magnetic disk, the read/write head is
flown over the metal disk. The magnetized portions of the disk induce a
current in the read/write head. By looking at output from the !
read/write head, the data can be reconstructed and then used by the
computer system.

_Like a record, both sides of a disk are generally used to store
data or other information necessary for the operation of the disk drive.
Since the disks are held in a stack and are spaced apart. from one
another, both the top anu the bottom surface of each disk in the stack
of disks has its own read/write head. This would be comparable to
having a stereo that could play both sides of a record at once. Each

side would have a stylus which played the particular side of the record.

Disk drives also have something that compares to the tone arm of a

stereo record player. There are two types of disk drives, rotary and

linear. Rotary disk drives have a tone arm that rotates much like a

record player. The .tone arm of a rotary disk drive, termed an actuator
arm, holds all the transducers or road/wrlte heads, one head for each
surface of each disk supported in a structure that looks like a comb.

The structure is also commonly called an E block. Like a tone arm, the



rmtor}associ ated with the actuator, said nethod conprising the steps of:
generating a conservative velocity against position profile for .
decel erating the actuator arm assenbly so the actuator arm assenbly will
stop and settle at a desired position; selecting a first posi tion,

Xl(arrive nmax), fromthe desired position where the actuator will stop and-:
settle; selecting a second position, X (arrive min), a nunber of tracks

away from tH9-882ped position where 8he actuator will stop and settle; _
appl ying an acceleration current to the coil of the electrical notor to -

t | te the actuator-
accel erat e {he ACLUR Qo LM ASSENBLY - COMLpU N0, 0 acce] erate

arm af ter &XE8¢ e conser
decel erati @nﬂm‘-P? eﬂt’ﬂ“ 94R ReapeNedt fodosatdent ovelevetionattaatiseor ahé (didiet er mi-ni ng

a third poghtimas,wa] (ther iesa)wdiye dRLE RhAIHAGudeRC PRSI PR e thgrapgt uat or
arm when t- h éﬂ%légéktih gfpattern representing the data at one of several track
locations or used to detect the magnetized pattern on one of the tracks
of a disk. For example, the ﬂeeded data may be stored on two different
tracks on one pafticular disk, so to read the magnetic fepresentafions
of data, the actuator arm is rotated from one track to another track. A
linear actuator has a similar actuator arm, however, instead of
repositioning by rétation, repositioning is accomplished through linear
movement. This particular invention deals with minimizing the time

necessary for repositioning the actuator arm.

Decreasing the time required to retrieve data can be very desirable
in a disk drive or direct access storage device. Since data can be
retrieved in a shorter time more transactions can generally be handled

by a computer in a particular unit of time.

Attached to the actuator arm is a coil, most commonly known as a
voice coil. The voice coil is one of the major portions of an
electrical motor, known as the voice coil motor, which is used to move
the actuator arm.- By controlling the amount and direction of the
current passing through the voice coil, the direction and the speed at

- which the actuator arm can be moved is regulated. Of course, the voice

coil does have physical constraints one of which is a maximum current
which can be passed through the voice coil for a given supply voltage.
When maximum current is passed through the voice coil this is called .
operating in saturation mode. The amonnt of current applied to the

voice coil during saturation mode is referred to as the saturation
current.

Most of the methods for controlling access time include referring
to a velocity profile. A velocity profile is a pre- programmed equation
or table which lists a desired velocity verses the stopping dxstance

remaining until reaching the target track. The profile velocity value
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actuator armdue to the deceleration current in the saturation node is
within a selected value of the conservative velocity against.position
profile; and adjusting the tinme at which the current in the coil is

swi tched from accel eration current to deceleration current in saturation
node when Xl(arrive) is not ‘between Xl(arrive mn) and Xl(arrive max).
According to anot her aspect of the invention there i's disclosed a nethod
for estinat RO§-9e68%erati on of an actumtor arm assenbly by a decel eration”
current in saturation node, said nethod conprising the steps of: measuring
the resistance_ of the coil- _before the seek;. neasuring the chang in coil :
current duri“hd’hfﬁ’ég estePAE iRt Ma s o Rlesity fiee SeBgatorcEarAvai afgathe change.
in vel oci t ypersitwigrt detamweesethey che potiaton cah sthel seadece IEASHH itBGa t he

TBX UM CUT e wpdh I-é)ﬁhﬁ(g khémafgm bhew acerl shaktoft LN Lhe seek:

and determ ni ng {r% léoct ty associated wt mitfeurrent in
coil during*th aa(?% ra? FPbrisof TREEISR AL MRy crdrRest thedndinger |
aspect of tmcpmpéhtneemsftahe%e fllbe dwsmleosmslt:am adppdwak Usiph BF voltage.

These varlables are generally not known for each specific file and as a
result, the veloc1ty profile is designed using worst case values to
assure that there will always be adequate deceleration capabllity to

stop the actuator upon reaching the target track.

A typicél seek is accomplished by calculating distance left to go
to the target track, selecting the velocity from the velocity brofile
which corresponds to the calculated distance to 80, determining the
actual actuator velocity and subtracting the actual actuator velocity
from thg selected velocity obtaiqed from the velocity profile. This
value is then multiplied by a ga{n to give a control current output to

the voice coil. This method is known as the closed loop control method. i

When the profile velocity is larger than the actual velocity, the
result of subtracting actual actuator velocity from the selected
velocity obtained from the velocity profile is positive, and the
actuator is accelerated. When the profile velocity is less than actual
velocity, the result of subtracting actunal actuator velocity from the

- selected velocity from the velocity profile is negative, and the
actuator is decelerated. The gain is chosen in the closed loop control
method so that it is as high as possihle yet still within the limits of

stability and such that good conformity to the velocity profile is
achieved.

The prior methods have several disadvantages. One of the
disadvantages is the amount of access time or the amount of time
necessary to move the actuator arm so that the magnetic transducers
attached to it can be relocated over another portion of one of the
disks. This is due in part to the known methods of tracking the

velocity profile of the particular disk file as closely as possible



ntroll | D .of. ctuator armassenbly in a disk-drive, the;jz
CO?L;?LLIQ?nfggégﬁ%fgeﬂévgaeﬁ? geing controllgd by controlling thgdcurrent '
?g a coil of an electrical notor associated with the-aftuatoryi_d
apparatus conpfising: nmeans-for generating a conse
position profile for decelerating the actuator

! desired | s fol _
arm assenbl y _boShoP and settle at a B here
selecting a f&%i%og%gltlon; Xl(arrive n#x), fro p

the actuator will stop and settle; nmeans for sel®Ciing a second position,

' i tion where
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settle; nmeans for _
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assenbl y; needrufty decsiershiomgst avaataeeride i @ERIR M AeThpALLEl,

under worst case conditions operate at less than an optimal level.

Viewed from one aspect the present invention provides a method for
controllihg the ‘movement of an 'actuator .arm in a disk drive, the
actuator arm movement being controlled by'energy supplied to a motor

associated with the actuator arm, said method comprising the steps of:

determining a conservative velocity to position profile for the

actuator arm;

accelerating the actuator arm to a first position and an actual
velocity, the ‘actual velocity assocjated with the first position being
substantﬁally greater than the velocity dssociated with the first .

position according to the conservative velocity to position profile; and
i i .

decelerating the actuator arm in saturation mode to a second
position which is within a predetermine@ distance from a desjired track,
the deceleration in saturation mode reducing the actnal velocity
associated with the second position to a valne within a selected amount

of the velocity according to the conservative velocity to position
profile.

Viewed from another aspect the present invention provides apparatus

for controlling the movement of an actuator arm assembly in a disk

drive, the actuator arm assembly movement being controlled by applying a

current to a coil of an electrical motor associated with said actuator,
said apparatus comprising:

means for generating a conservative velocity against position
profile for decelerating'said actuator arm assembly so the actuator arm
A !
assembly wilil stop at a desired position; ' )

o This Sheet Has Been Replaced
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exceeﬁing the_conservative-velocity profile; means IortﬁgpLg:Pg'neans £ or
d%céleratibnmgyrrent;in saturation npde to decelerate e c poéition R
determning a third position,  Xl(arrive) by detgrnynlnq °
actuator armwhen the velocity of actuator arm due @F@WA§@EEN
current in the Satgration_nDde |s_rqgglgrgfffggc;ﬁ va BE?Lﬁééﬂ; istilng the
cpnserra&hygh tsgggﬁ%?gg?IPattﬁgséo:I IS swi t ched fron1acce]erationbc?rrggt
Egngegeleration\curfent in saturation node when X1 (arrive) |: 20% o? rﬁe
Xl(arrive mn) ancheats( for isuBeciting a Pﬁ@erﬂkF]Q'OHgoﬂht?%%?Fg?\"g?{’hgré) \(E;'é?rent h
e Ut or herdgs{rggceyr?%%ﬁ?ﬁglgggi@Epa?;t?;\[‘/%st Yﬁg HOPtiat or arm assenbly
ﬁgvgﬁ;ﬁ?tg;iﬁgnlgntrolIed by controlling the current to a coil of an

el ectrical notor asssciat eéﬂea/i:irl”g hr&ca??ﬁ%éon’ﬁg@ég’g’?%‘%‘t)?:% égl{‘gae\r;;%g?t y
I j \ T r,ge L , _

nssoci ated wi tFahendy ok 0 Pl pRENian Shirearie Fomssop e} ngeam

acceleration current to the coil of the electrical notor to

means for applying an acceleration current to the coil of the

electrical motor to accelerate the actuator arm assembly;

means for continuing to accelerate the actuator arm after exceeding
the conservative velocity profile; -

means for applying deceleration current in saturation mode to .
decelerate the coil;

weans for determining a third position, X1(arrive) by determining
the position of the actuator arm when the velocity of actuator arm due
to the deceleration current in the saturation mode is within a selected

value of the conservative velocity against position profile; and

means for adjusting the time at which the current in the coil is
switched from acceleration current ﬁo deceleration current in saturation

mode when X1(arrive) is not between Xi1(arrive min) and Xl(arrive max).

Viewed from another aspect the present invention provid

es apparatus
for controlling the movement of '

an actnator arm assembly in a disk
drive, the actuator arm assembly movement being controlled by applying a
current to a.coil of an electrical motor associated

with said actuator,
said apparatus comprising:

means for selecting a desired target position,

and desired target
velocity associated with the desired target position

-
b ]

means for applying an dcceleration current to the coil of the

electrical motor to accelerate the.actuator arm assembly;

v
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accel erate the actuator arm assenbly; neans for determining the position of

the actuator arm assenbly and the di stance of the actuator .arm assenbly -
fromthe target position at a plurality of sanpl g=~nes; . neans for
determ ning the velocity associated with each of THES SHEE‘J‘ S
actuator armassenbly at each of .said plurality pf samgbg,
determning a mninum di stance to decel erate the aCtruats :
appl yi ng decrog+ont-021 current in saturgti.on node, fromthe vel© y
associated wth each of said plurality of sanple tinmes to the target

vel ocity; neans for conparing the determ ned m ni nrum di stance, to the

di stance of 't he weepufoprdesiemining fitd pof itdnm tolfetiteasgmiat@osin iaOfenb® sgach of

sai d pluralith @fstadEPbe thé REuatddth B S m PLyd celeration current
oper afi ng i”%ﬁ?#i;gtoifog mgggq__étl(l)a_t he co%lréoél%reffoﬁel:%ée?%? &4 e"ﬁ%ﬁﬁi%m
ct

di stance is I'n”a’se ed arount of the distance of the actuator arm
fromthe target position for the particular sanple time until reaching the
desired target. means for determining the velocity associated with each of the

positions of the actuator arm assembly at each of said plurality of

sample times;

means for determining a minimum distance to decelerate the actuator
arm assembly by applying deceleration current in saturation mode, from

the velocity associated with each of said plurality of sample'times to
the target velocity;

means- for comparing the determined minimum distance, to the
distance of the abtuat?; arm assembly from the target position for each
of said plurality of sample times; and |
i i
means for applying deceleration current operating in saturation
mode to the coil once the determined minimum distance ié within a
selected amount of the distance of the actuator arm from the target

._position for the particular sample time until reaching the desired
target.

In order that the inventign will be fully understood préferred
embodiments thereof will now be described by way of éxample only, with
reference to the accompanying drawings in which:

Fig. 1 is an exploded view of a dtsk diive;

Fig. 2 is an exploded view of the:actuator arm assembly of a disk
drive; )

Fig. i i
g .3 is a schgmatlc diagram of the actuator arm and the voice
coil motor and and other portions of the s .

ositioni
disk drive; p ning apparatus for the

\.'\
) This Sheet il
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di to still another aspect of the invention there is g?:ﬁlgffve e
Accord'?gr controlIing the noverment of an actuatoyﬁqrnylg ? | sk drive, |
et us Oafn{ﬁﬁVénent bei ng ¢control | ed by energy stipplie ) 0 a_motor.
gggggfg{ed with the actuator arm sai method conprising the step :

| i iti ile for the actuator
I Ni . velocity to position profi
o ecel e conservaggrﬁator arnyto a first position and an actual

n t . - . : . . in
32r2c?f§elfﬁg&%kgﬁéﬁ vel ocity associate® with the first position being

i : i ] i osi tion
substantially greater than the velocity associated with the first p

' |t i le; decel erati ng
' | cit to position profile; and el el
e act ugtor a1 Soryk JuroPHEEE b odoLBE roptel 1sed mverici caner thi 1 2

pr edet er mi ne8PHEIRAc% PRPOAF cgBal velbctitnaksording 460k BbE Urt ang a

plot of the actual velocity;

.Fig. 5 is a plot showing coil eurrent against distance during a
seek according to a prior art method. as compared to that for a preferred
. embodiment of the present invention; and

Fig. 6 is a plot of velocity, X2, against time during a seek; and
Fig. 7 is a plot of current, I, against time during a seek.

~Fig. 1 is an exploded view of a disk drive 10. It should be noted
that a rotary actuator is shown, although a linear actuator may have
been used. The disk drive 10 inclﬁdes a housing 12, and a housing £6ver
14 which, after assembly, is mounted within a frame 16. Rotatably
attached within the housing 12 on an actuator shaft 18 is ap actuator
arm assembly 20. One end of the aétnqtor arm assembly 20 includes an E
block or comb like structure 22 having a pluralif; of afms 23. Attached

to the separate arms 23 on the comb or E block 22, are load springs 24,

Attached at the end of each load spring is a slider 26 which carries a

magnetic transducer (not shown in Fig. 1). On the other end of the

actuator arm assembly 20 opposite the load Springs 24 and the sliders 26
is a voice coil 28.

Attached within the housing 12 is a pair of magnets 30,
of magnets 30 and the voice coil 28 are

which applies a force to the actuator assembly 20 to rotate it about the
actuator shaft 18.

Also mounted within the housing 12 is a spindle
shaft 32,

Rotatably attached to the spindle shaft 32 are a8 number of

disks 34, In Fig. 1, eight disks are attached to the spinale shaft 32.

As shown in Fig. 1, the disks 34 are attached to the spindle shaft 32 in
Spaced apart relation. .



velocity associated with the second

I n saturation node reducing the actual

position to :value wisthin a sel ected ampunt of the velocity accordin
DESCRI PTI ON OF PREFERRED

be fully understood preferred

conservative velocity t position profile.

g to. the.

EMBODI MENTS I n order that the invention wll
now be descri bed by way of exanple only, with

enbodi nents thereof will
reference to the acconpanyin draw ngs in which:

Fig. 1 is an expl oded view.

of a disk driig-bbPas2 i s an expl oded view of the actuator arm assenbly of
Fig. 3 1s a schematic diag?am of the actuator armand the

a disk drive;
not or and ot her portions of the positioning apparatus for the

vVoi ce coi

di sk drive: Fig. 2 details the actuator arm-assembly 20 in an exploded
Ooded view.

E
ach of the arms 23 of the E block or comb assembly 22 except th
’ e arms

23 on the top and bottom of the E block 22, carry two load sprin
gs.

In

this particular disk drive 10, there is a slider for both the t d
' op an

bottom surface of each of the disks 34. The top and bottom a 23
. rms of

to? surface of the top disk and the bottom surface of the bott i i
the stack of disks 34. Attached to the load springs 24 ar j ?m o
which include mggnetic transducers which magne£ize the sﬁr:aSIIders N
disk 34 to represent and store desired data. As is well kno:e ?f o
art of disk drives, each of the disks has a éeries of concent:i:nt::ek
cks

onto which the magnetic inf i
ormation is recorded The
. sliders 26 and the

key co[“po!lents Of a VO ce O ()t. L IlSP.(l tO a p y a fOICe tO the

actuator shaft .
ey lindetens 18 of a bearing cartridge 40. The bearing cartriq

cal in shape and incl o “Criricee is

. ludes the actuat
actuator arm ag -thator shaft 18 about which th
opening or b sembly.rOtates' The actuator arm assembly 20 ha £ )
ore 4 e s a fi

bore 42 1 : 2 therein. The bearing cartridge 40 fits wi i

n the actuator arm assembly 20 ° within the



51 A met hod for controlling the novenent of an actuator_arm
gé?ézg|y tn a disk drive, the actuator arm assenbl y nnvenent.beyng-
controlled by controlling the current to a coil of an electrical ﬁptor
associated with the actuator, said nethod conprising the steps of: ated
sel ecting a desired target position, and desired target velocity a5500|ﬁte
with the desired target position; applying an accel eration current tp t he
coil of the RO9e30-02%| notor to accel engte the actuator arm ass_enbl Y, f
determ ning the position of the actuator ‘armassenbly and the distance o

t he

only exist as modules of code and are not physically separate

components.

The disk drive or DASD 10 includes both mechanical and electrical
components and various electrical circuits. The disks 34 rotate on
spindle shaft 32 which is powered by a motor (not shown): 'Information
is written oh or read from the disks 34 by means of heads or magnetic
transducers 27 which are within sliders (not shown in Fig. 3) and which
are positioned by the actuator arm assembly 20. - The actuator assembly
20 moves in fesponse.to current from a voltage driver 44 which receives

an actuator control voltage signal, U, generated by the microcode.

Disk drives have two methods for determining positions, namely
dedicated servo and sector servo. The present invention may be applied
to disk drives which use either method for determining position of the

magnetic transducer.
1 i
The disk drive shown is of the dedicated servo type and one of the
disks 36 has a surface bearing setvo patterns constituting position
reference information for a dedicated servo head 27'. Signals from the

servo head 27' are-amplified by amplifier 46 and demodulated by
r} - 1 -
is a digital signal which gives the position of a servo head. From the

demodulator 48 to produce a position error signal, Xy- The signal, x

position of the servo head, the position of the actuator arm assembly or

" more accurately, the position of the magnetic transducer 27 attached to
the arm can be determined.

Fig. 4 includes a typical plot of a conservative velocity profile
80 for decele;ating the actuator arm and the magnetic transducer 27
attached thereto of the disk drive 10. The conservative velocity
profile 80 is determined for each particular model of disk drive 10 and
is a plot of the velocity change during a seek assuming worst case
conditions. The y axis in Fig. 4 is velocity and the x axis reflects
the distance to 80 to reach the target track of the magnetic tr;nsducer

or head 27. The distance to go is generally measured in number of



actuator arm assenbly fromthe target position at a plurality of sanple
ti nes; detefnining the velocity associated with each of the positions of
the actuator-arm assenbly at each of said plurality of sanple tines;.
determning a m ni mum di stance to decel erate the actuator arm assenbly by
appl yi ng decel eration current in saturation node, fromthe velocity

associ at ed vm'tgps_ 1 g% said plurality of sanple tinmes to the target
vel ocity; conpartn PAL det erni ned ni ni min di stance, to the distance of the

actuator arm assenbly fromthe target position for each of said plurality
Il on current operating in saturatian

of sanple tinMegpacké@o | vitiRg feggler at [
e ok dlgt er mﬁﬁ'lesdarﬁlﬁf Minf dvBicticeonssrwatite nelese} ect ed

node to the coil ?gcg tgg
amount of the Hi&F+h&% "Bk fgntiprepsinrdearansés.om t he target position for the
reaching the desired target. 2. The nmethod of

particul ar sanple tinme until _ tar _
claim 1 wherin thassaBnPln $seG D% 2,13 481,095, LJ,0n, compri ses the

velocity trajectory achieved by using the prior art control methods

The most common method for moving a head or transducer 27 from a fi;st
position to a second position on a disk is to accelerate with as mﬁch
current as.possible until a target velocity is achieved and then
decelerate and fbl;ow the conservative velocity profile 50 to the
desired track. The target velocity is achieved when the velocit of th
actuator arm and transducer 27 is within a selected amount of a ielocit:

on the conservative velocity profile 80. The curve 88 shéﬁs where th
e

conservative velocity pProfile 80 at crossing point 86 Since th
. e

brought under control well before the and of the seek

sa:ur?tion mode for as much time of the serek as possible. Saturati
:: :h:s the maximum amount of current that can be sent to the voic:°:oil
traHSis:::u::::ha:m assemb%y. The amount of current is controlled by a
o the oty At t:er:tes in saturation mode to send the maximum current
assoctated mies acce1 eginning of a seek, the saturation current |
o the wore, - eRer:ting the actuator arm assembly 20 is delivered’
86 closely v ;rosat er than follow the conservative velocity profile
sing the conservative velocity profile 80, the

ssociated with acceleration of the voice coil is

cont inued wel i rren
1 past the Cross ing point 86. At a se].ected point cu t
3



| iti ] tle
steps of: deternini ng the desired position where the act u_atﬂdvn\_:ltlhe_sggs{_ e 4
’Z-‘rf-dpstop:E and sel ecting a position a punié)e\r/\hof H}-a;:ﬁz 2}[1\2%/ O e fesit
sition. . 3. The nethod of claim ere _ _ ng_
Fﬁzl H (r)lin'rrum di stance to decelerate the act uat or Sr ‘r:noflissregts)! ?s/t gzczatzrat o
[ [ f coil current an Si . 4. _
node is estimated from val ues of ¢ o Cons or: ouher ot o
claim2 further conprising the ep Loge )
gg?lgg(rjvgz i ve ROI-Ei08% agai nst position 1pr.of| | e assunmi ng worst case

in the voice coil is éwitched to the saturation current associated with
decelerating fhe actuator arm assembly 20. The point at which the
current is switched from saturation enrrent associated with acceleration
to saturation current associated with deceleration is selected so that
the actual velocity of the actuator arm will be under control or within
an accepfable amount of the conservative velocity profile 80 in a
position where the.head 27 is at a short distance to go to the desired
track. In other words, unsaturated deceleratipn of the actuator arm
will occur for a shorter amount of time, as can be seen by velocity

- profile 89, than that shown by profile 88. The result of having the
voice coil (shown in Figs. 1-3) driven in saturation modes for a greater

percentage of the seek time will be a shorter seek time.

Fig. 5 shows-hqw the current, I, changes with respect to distance.
Thé acceleration changes on the actuator arm assembly 20 correspond to
the changes in the-current,-i;,delivered to the voice coil."Fig. 5
includes two plots, the current;delivered to the voice coil which i
corresponds to the prior art method of performing a seek is shown in
dotted lines and is referenced as curve 90. The‘;urve §2 corresponds to
thg current with respect to time for the disclosed method. Curve 92 is
- shown as a solid line. As can be seen from Fig. 5, the prior art method
switches to saturation deceleration current at a distance which
corresponds to the crossing point 86 of the conservative velocity
profile 80. Fig, 5 shows that in the method disclosed the saturation
'cu:rent is maintained for a greatar distance and longer time and then
switched to the deceleration saturation current when compared to the
pPrior art method. Fig. 5 also shows that the saturation current
associated with deceleration .is maintained over a longer distance in the

disclosed method. This is shown by the lower flat portion of curve 92

being longer than the lower flat portion of curve 90,

Fig. 6 shows the plot 100 of velocity, also termed X2, against time
for the actuator assembly during the seek operation. Fig. 6 also shows
Several valyes which are important in the determination of when Go

switch from the saturation current during the acceleration portion to



condi ti ons for decgleration; and follow ng the conservative velocity
agai nst position profile between the target position and the desired
position. 5. The net hod of claim-.3 wherein the decel eratiion associ at ed

with the step of generating the,velocity against position profile for
decel erating the actuator armassenbly is determned fromthe foll ow ng

formul as: XRQeg03026 Xl (target) + slewgt [err] Wiere X1 (mn) - .mninmm
di stance needed to slow the actuator to-a given target velocity.
units-track A value of positionis read fromthe file once per sanple tine.

X1(target) ChetIHYEALIPBITETGH Wrdne thardgetlavetoni fortich BXRAETRUK.
uni ts-trackmes&yplesentl] be REEISENMd YR!BE! ff10WHR tg—%é&%@/ sanpl e X2(target)
- velocity desired at target position. units-tr! &ks aﬁpﬁ’e- .
Fig. 7 shows the plot 102 of the current, which corresponds to the
acceleration, against time for the actuator assembly during the seek
operation in accordance with a preferred embodiment of the invention

The x-axis in Fig. 7 is time, while the x-axis in Fig. 5 is distance

The point in time for switching from saturation current during
acceleration to saturation current during deceleration can be
mathemat%pally derived. The basic mathematical formula u;ed and
expréssed can be derived from the work theorem of dynamics which states
that the work done by.a-fqrce is equal to the change in kinetic energy
of the body. Applying this theorem generally yields the following:

Work =:F [X1(1) - XIFZ)] = (1/2) m [X2(1)**2 - X2(2)**2]

i EQUATION 1

Where

Xi(1) = a firét position

X1(2) = a second position

X2(1) = a first velocity

X2(2) = a second velocity

F = force = (m)(a)

m = mass

8 = acceleration

D
.enoting.the force, F, as (m)(a) and dividing both sides of the
equation by (m)(a), the following is obtained:



>

sl ew -
For'mul a forrcgjculatlng slewis
sanpl es that

decel eration. units-sanples

decel erate bCﬁse-
i Wher e
from [ERR RO9-90-025

[X1(1) - X1(2)] =

' for

correction factor to accougtem/h B brosent Y S Yher? Sn-to
e current fromacceleratio

L takes IO reversicéh_ accel eration avail abl e during

uni ts-tracks/ sanpl e[err]

nt slewrate.
curre nurber

and, where ACC is_ determ ned

14

X2(1)*%2 - X2(2)%%2

EQUATTION 2

This equation is used as the basis for the determining the point in

time that deceleration should begin.
. adding an adjustment for slew,

Equation 2 above is modified by

which is the number of tracks that the

actuator travels before a change in current is reflected in the voice

coil.

X1(min)

Where

X1(min)

X1(target)

X2(present)
X2(target)

slew

The equation having this adjustment is as follows:

x1(target) + slew + x2(present)**2 - X2(target)**2

EQUATION 3

minimim distance needed to slow the
actnator to a given target velocity.
units-tracks

A value of position is tead from the
file once per sample time.

target positﬁon where target velocity
is expected. units-tracks
present velocity. units- ~tracks/sample
velocity desired at target position.
units- tracks/sample -

correction factor to account for

current slew rate. units- tracks

Formula for calculating slew is:

uni t s-tracks:

of



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

met er/ second2 Lhead - Distance to servo head. units-nmeters TPM - Nunber of
tracks per nmeter. units- tracks/neter T - Sanple tinme. units-seconds/sanple-
J - Monent of inertia. units-kilogramx nmeter[err] |peak - Peak current
capabl e of being delivered by the power supply. units- anps. Formnula for
calculating the peak current is: [ERR] Where Vsup - Power supply voltage.
units-volts RCOhbg:ng@Q?é.:S_t_.anC_e of voice cg§l. units- ohns Rdriver -

Resi stance of all other eléfrents in the system (eg.” voice coil driver

slew ' = X2(present)*§
Where
S - number of samples that it takes to

reverse the current from acceleration
to deceleration. units-lsamgig§p_‘

ACC - _ - acceleration available during o
decelerate phase.

units-tracks/sample*¥2

The value X1(min) is calculated at each sample time that occurs
during a seek. Sample times occur at regular intervals during the seek
time.  Also calculated for each sample time is the distance to go to a
selected target position X1(target). The distance to .go can be '
determined by using the servo information in the disk drive. The servo '
information indicates the present track position at the present samﬁle
time X1(present). X1(target) can be subtracted from X1(present) to
determine how much distance is léft before reachinig Xl(target); The
result of this difference is referred to as X1(left to go). Xl(target)
is generally selected so that there are a number of tracks left to go
after arriving at X1(target) before reaching the desired track,
X1(desired) from which information must he written to or read from.

This allows for a time or distancé over which a current less than the
saturation current can be used to decelerate the actuator arm assembly
of the disk drive using the closed loop method known in the art. It
should be noted however that Xl(target) could be selected as being equal
to X1(desired). The acceleration enrrent in saturation mode is switched
to the deceleration current in saturation mode when the calculated value

of X1{min) is within a selected valune or near the determined value for
X1(left to go).

The ACC term, or acceleration available during the deceleration

phase, in Equation 3 is determined as follows:



FET' s when fully on, current sense resistor, flex cable | ead resistance,.
etc.). units--otms" | benf - Current avail able during deceleration due to the

back EMF of the ‘noving voi ce coil . units- anps. Since the coil slows down
during deceleration the current available fromthe back EMF goes down.
Therefore the average | benf could be  assuned to equal one half the | benf

avai l abl e at each sanple that we conpute the X1(mn) value. Formnmula for
cal cul ati ng RO2-902036 EMF current is: [HRR] Were Ke - Sane val ue as Kt but
units are Vol ts/radi an/second Kenf - Calibration factor to convert units of

nunerator to volts. The fornula for
ACC. = - Kt*Lhead*TPM*T**2 * (Ipeak + Ibemf)

J
EQUATTION 4

Where

Kt - Torque constant. units- Newton-metre/amp 1
Newton=1 Kilogram-metre/second**2

Lhead - Distance to servo head. units- metres

TPM - Number of tracks per metre. units-
tracks/metre-

T - Sample time. units- seconds/sample

J - Moment of inertia. units--Kilog;am-metxe**z

Ipeak - ) Peak curvent capable of being delivered by the
power supply. units- amps. Formula for
calculating the peak current is:

Ipeak = Vsup
Rcoil + Rdriver

Where

Vsup - Power 'supply voltage. units- volts

Rcoil - Resistance of voice coii. ‘units- ohms

Rdri - i '

river Resistance of all other elements in the system

(eg. voice coil driver FET's when fully on,
current sense resistor, flex cable lead
resistance, etc.). units- ohms

Ibemf -

Current available during deceleratﬁon due to
the back EMF of the moving voice coil. units-
amps. Since the coil slows down during
deceleration the current available from the

back EMF goes down. Therefore the average



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

The nmethod of claim7 wherein the velocities associated with the position
of the actuator armat the beginning and at the end of I(delta) are used to
determ ne thgoghsyigss i n vel.ocity, X2(d§:+ta), due to the change in (':urrenft,
the values of coll resistance, I(delta) and X2(delta) used in the follow ng
formula to estinmate the torque constant: [ERR] said torque constant used to
estimate ACC, which is used to gieef abeldbyalkogedytd 0quSbde RmepEf i1 e for

t he decel erati on under Sa_t urati ofhefPUCaiable at each sample when the X1(min)
value is computed. Formula for calculating thé
back EMF current is:

Ibemf = X2(present)*Ke*Kemf
2*Rcoil
Where
Ke - Same value as Kt but units are
Volts/radian/second
Kemf _ - . Calibratjon- factor to convert units of

numerator to volts. The formula for Kemf is:

Kemf = ) 1

TPM*Lhead*T

The above equations show that AGC is a function of power supply
voltage, voice coil resistance, and torque constant. In the past worst-
case values of the power supply voltage, voice coil resistance,'and the
torque constant were used to prodnce a conservative estimate of ACC.
This conservative estimate of ACC is then used to generate the
conservative velocity profile 80. Tt can be seen from Equation 3 that
the more conservative an estimate of ACC or the lower its value, the
larger X1(min) must be. Rather than selecf worst case values for the
parameters of power supply voltage, voice coil resistance and torque
constant, reasonable estimates of these three parameters can be obtained
from measuring the current in the voice coil 28 during the acceleration
portion of a seek, the resistance in the voice coil 28, the temperature

of th
e voice coil 28. It is well known that coil resistance varies with

temperatur i
p e and in many cases the variation is linear over the operating



9. The nethod of claim8 further conprising the steps of: neasuring the
maxi mum !current, |{rmax) and the velocity correspondi.ng to naxi mum current,
X2(max) while applying the acceleration current to the coil; and estimating
| (peak) using 1(max) and X2(max), |(peak) is used to estimate the ACC term
in generating the velocity to position profile: [ERR 10. A nethod for -
contralling the novenent of an actuator armassenbly in a disk drive, the
actuatoraurﬁ%%?@ﬁ%ﬁy movenent being cbhtrolled by controlling the current
to a coil of an electrical notor associated with the actuator, said nethod

conpri sing tljaﬁgék?%eoécil: Thus, the measurement of the voice coil temperature
yields an estimate of the resistance in the coil. .

The coil current measurement is uséd to estimate the torque
constant for the actuator arm. Referring now to Figs. 6 and 7,
measuring the coil current and the corresponding velocity twice during
the accelerate phase of the seek allows the change in coil current,
I(delta), and velocity, X2(delta), due to voice coil back ‘EMF to be
calculated. From the measured value for I(delta), it can be determined
how much change in current results from the change in velocity
X2(delta). Knowing the values fgr I(delta) and X2(delta), an estimate

of the torque constant can be made using the following equation:

Kt = Rcoil*Idelta

X2de1ta*Kemé
EQUATION 5

Once again referring to Figs. 6 and 7, the coil current measurement
is also used to determine (Ipeak). The maximum current, I(max), and the
corresponding maximum velocity, X2(max), during the acceleration phase
of the seek is measured. From-these two values, the peak current
I(peak), that will be available during the deceleration phase can,be
determined using the following formmla: '



genefathg a conservative velocity against position profile for _

decel erating the actuator arm assenbly so the actuator arm assenbly wili
stop and settle at a desired posrtlon;_seleqtlng a first position, .
Xl(arrive max), fromthe desired position where the actuator will stop and
settle; selecting a second pdsition, Xl(arrive mn), a nunber of track§
away fromthe desired position where the actuator will stop and settle; .
applying an a gq%f‘ggion,current to thi coil of the electrical notor to
accel erate tﬁ@ a 'h or arm assenbl y; 3nt|nU|ng to accelerate the actuator
arm after exceeding the conservative velocity profile; applying

decel eration current in saturation rpge.Q+Eggel erate the coil;

Ipeak = . Imax + memmmeneenaa

EQUATION 6

Several of the values needed to obtain egtimates according the
above equations are gathered at times other than every regular sample
time. The resistance of the voice coil does not change very quickly.
As a result, the voice coil resistance is updated prior to each seek.
Peak Current (Ipeak) and the torque constant (Kt) are updated on every
long seek. Peak current (Ipeak) and torque constant (Kt) can only be
updated when long seeks are done because the slew rate of the coil
prevents reaching the maximum current condition and the back EMF
condition unless theiseek is in the acceleration phase for a long enough f
time. Since the séek is in the acceleration phase for a long enough

time on a long seek these values are measured then.

When the measurements of coil temperature, coil resistance or coil
current are not available due to cost or some other reason, a second
embodiment of the invention can be used. The distance to go at the
point where the actuator velogity and the conservative velocity profile
80 converge or comes within a selected value is called X1(arrive). 1In
the second embodiment two points are used to essentially define a zone
into yhich Xl(drrive) should fall. The two points are X1(arrive min)
and Xl(arrive max). Three conditions can occur. If X1(arrive) is less
than or occurs before X1(arrive min), then the next seek can accelerate
in saturation mode for a longer period of time. Thus, the time when

acceleration is switched to deceleration in the saturated mode is

delayed. If on the other hand, Xl(arrive) is greater than or occurs

after Xl(arrive max), then the next seek must accelerate in saturation

mode for a shorter period of time. Thus, the time when acceleration is

switched to deceleration in saturation mode begins sooner when this



determning a third position, Xl(arrive) by determ ning the position of
the actuator armrwhen=the velocity of actuator arm-due.to the decel eration
current in the saturation node is within a sel ected val ue of the
conservative velocity against position profile; and adjusting the tinme at
which the current in the coil is swtched fromacceleration current to
decel eration current in saturation node when Xl(arrive) is not between
Xl(arrive ni npogiyd-odg arrive max). 11. Fke nmethod of claim 10 wherein the
m ni mum decel erati on associated with the worst case conditions is used in
the step of: generating a conservative velocity agai nst position profile.
12. The nethocbnditishadaenin WhELEITTiveve 16 ihetwern fHiachiveeing uindekt(arnivehe
coi | is switchay fHeAMcAaE sl BN nedY L8 Mheh the ARtk Rrat idAN 1L Yot @At 1daN
saturation ntﬁ%%elgzgggg.ay§¥{arrive) is monitored for each seek. In this way, the
effects of all factors, such as the temperature change during operation,

can be accounted for.

It should be noted that the point in time when deceleration.of the

actuator arm should start can be determined by the following equation:

X1(min) = X1(target) + slew + X2(present)**2 - X2(target)**2 + ADJ

2¥*ACC
EQUATION 7
Where
ACC - - worst case acceleration available during
decelerate phase which is used to generate a
conservative velocity -profile.
ADJ - " adjustment term. units - tracks

It should be noted that Equation 7, immediately prior, is similar -
to Equation 3 listed above with an adjustment term, ADJ, added. 1In .
addition, the ACC term is the worst case acceleration available during
the decelerate phase rather than the term which was estimated as shown
above with respect to the first embodiment. In the first embodiment of
the invention the ACC term is determined or estimated. In this

embodiment, the ACC term is the conservative term and X1(min) is
adjusted.

The increments of time for continuing the acceleration in the

saturation mode are selected so that ADJ is equal to or less than the

number of tracks moved each sample. This is so adjustments from one

seek to another are by no more than one sample time.



when Xl1(arrive) occurs before Xl(arrive mn). 13. The nethod of claim 12
wherein the tine.is delayed by one sanple tine. 14. The nethod of claim 10
wherein the tinme at which the current in the coil is switched from
acceleration current to deceleration current in saturation node begins

sooner when Xl(arrive) occurs after Xl(arrive max). 15. The nethod of claim
14 wherein the tinme is increnmented by o sanple tine. 16. A method for
estimating demgé?‘gp#in of an actuator Q?m assenbly by a decel eration
current in saturation node, said nethod conprising the steps of: measuring

the resistance of yigndit!o8d fRisEndnts S QEKanaIRASH e 0B 16REHCNARIE N COI |
current during the accele atezocnt?ortlon of the seek; determ ni ng the change
I

in velocity dBPSSigERPhCtBLAPLYHEY SH HUT AFUIRTRT AFMPecir: @ sroptart fgdithe
maxi mum cur r eAlJ iternt he theidangufornghet hengasedkks ertere dhipoctumn @h ithetacek;

and seeks the actual velocity of the actuator arm increases as the seeks
become more lengthy and as a result, the term ADJ will vary to aécount

for the increased velocity.

A method for accelerating and decelerating an actuator arm in a
disk drive or direct access storage device which results in a shorter
seek time than prior methods hgs been described. The method is to
accelerate the acfuatog arm under open loop control by applying-current
in saturation mode until the actual velocity exceeds the value of
velocity from the velocity profile associated with a particular ‘distance
to go to the target track. Unlike .prior art methods, saturation current
for accelérating the actuator arm Qill continue.to be abplied_beyond
crossing the velocity profile. At a selected distance to go.the‘
direction of the current is switéhed and a deceleration current in
saturation mode and in the opposite direction is then applied. The
additional distance that acceleration is appli&d beyond-the velocity
profile allows reduction in the seek time over the prior art.
Application time of deceleration current in the saturation mode is also
lengthened. The selected time beyond crossing the velocity profile is -
selected so that applicatioﬁ of saturation current in the opposite
direction will bring the actual velocity of the actuator arm back to the
profile velocity at a target. track or zone of tracks within a short
distance left to go before arrival at the deéired track. With the short
distance left to g0, the conventional closed loop profile following
control method is used téidecelerate the actuator arm until the attached
magnetic transducer stops on the desired track.

The present invention and the best modes of practiciné it have been
described. It is to be understood that the foregoing description is-
illustrative only and that other means and techniques can be employed

without departing from the full scope of the invention as described in
the appended claims.



e om e a N

determ ning the maxi mum vel ocity associated with the maxi nrumcurrent in
coil during tlemaecel eration portion of the seek.. 17. - The nmethod of
claim 16 whereifi the estimate of decel eration under saturation node is
determ ned using the follow ng fornula: [ERR] where Kt - Torque constant.
units-Newton-neter/anp 1 Newton=1- Kilogram nete '
Di stance to.servo head. units-neters TPM - Nunber

units- trackspRiés-ozs 22

CLAIMS T -

1. A method for controlling the movement of an actuator arm in a disk
drive, the actuator arm movement being controlled by energy supplied to
a motor associated with the actuator arm, said method comprising the-

steps of:

determining a conservative velocity to position profile for the
actuator arm;

accelerating the actuator arm to a first position and an actual
velocity, the actual velocity associated with the first position being
substantially greater than the velocit& associated with the first

position according to the conservative velocity to position profile; and

decelerating the actuator arm in saturation mode to a second
!posit1on which is within a predetermined distance from a desired track,
the deceleration in saturation mode reducing the actual velocity
associated with the second position to a value within a selected amount

of the velocity according to the conservative velocity to position
profile.

2. A method for moving an actuator arm assembly to a desired position

in a disk drive, by applying a current to a coil of an electrical motor

associated with said actuatof, said method comprising the steps of:

selecting a target position, and a ¢t

| arget velocity associated with
said target position;

applying an acceleration current to said electrical mo

1

determini iti
rmining the position of said actuator arm assembly and the

distance i
of said actuator arm assembly relative to said target position
at a plurality of sample times;

L.
Lt
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T - Sanple tinme. units-seconds/sanple J - Minent of inertia. units-kilogram
x meter[err] +peak—-Peak current capable of being delivered by the power
supply. units—asps: Fornmula for calculating the peak current is: [ERR|
Where Vsup - -Power_supply voltage. units-volts Rcoil - Resistance of voice

coil. units- ohns Rdriver - Resistance of all other el [ em
(eg. voice coil driver FET's when fully on, current se ﬁgﬁé]%gffw %?B‘?‘%E
cable | ead reg@d-a0o025 €tc.). units- ohmg I benf - Current a ik e_during
decel eration due to the back EMF of the noving voice coil. units- anps.

Since the coil slows down during deceleration the current available from
t he back EMF goes ddtamininghtheefologithesetatagewithesdch Corukrk BSsitions of

said actuator arm assembly at each of said plurality of sample times:
2

_ determining a minimum distance to decelerate said actuator arm
assembly by applying deceleration current in saturation mode, from the
velocity associated with each of said plurality of sample times to said

target velocity;-

comparing the determined minimum distance, to the distance of the
actuator arm assembly from the target position for each of said

plurality of sample times; and

applying deceleration current operating in saturation mode to the
said motor once the determined minimum distance is within a selected
amount of the distance of said actuator arm from the target position for

the particular sample time until reaching the desired target,

3. A method as claimed in Claim 2 wherein sajd target position is a

predetermined number of tracks away from said desired position

4, A method as claimed in any of Claims 2 or 3 wherein said step of
determining the minimum distance to decelerate the actuator arm assembly

in saturation mode is estimated from values of coil current and coil
resistance. .

generating a conservative velocity againsf position profile

assuming worst case conditions for deceleration; and

followi i {
bes . ing said conservative velocity against position profile
een the target Position and the desired position.

.
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assumed to equal one half the |benf available at each sanple that we B

conpute the X1(mn) value. Formula for calculating the back EMF current is:
[ERR] where Ke - Same- value.as Kt .but units are Volts/radian/second Kenf -
Calibration factor to convert'units of nunerator to volts. The fornula for

Kenf is: [ERR] wherein, the torque constant, Kt, inﬁf%gg?fﬁgquEﬂ t he

measur ed coi | reS|sgﬁnce, measured cha
d determ ned change

accel er at i onR995%%
foll owi ng fornul a:

Bge in coi

in velocity a

6. A method as claimed in Claim 4 wherein the deceleration associated

with said generating step is determined from the following formulas

X1(min) = xl(target) + slew + x2(pressnt)**2 - X2(target)**2
"""""""" e
Where
X1(min) minimum distance needed to slow the’

X1(target)
X2(pfesent)
i i

X2(target)

slew

slew

Where

ACC

R
eet Has Been Reﬁaced

T,

actuator to a given target velocity.

units-tracks

A value of position is read from the

file once per sample time.

target position where taréet velocity
is expected. units-tracks

present velocity. units-tracks/sample

velocity desired at target
position. units-tracks/sample
correction factor to account for
current slew rate. units-tracks.

Formula for calculating slew is:

X2(present)*S

number of samples that it takes to
reverse the current from acceleration
to deceleration. units- samples
acceleration available during
decelerate phase.

units-tracks/sample¥*#*2

N A0



[ ERR] and, ; wherein, the peak current, |(peak) is estimted using the
measured npxi MIMTTOTTént and the determ.ned maxi mum velocity for the
accel erati pn phase—of the seek, accordi ng to the follow ng formula: [ERR]
18. The net hod BF claim 17 further conprising the step of neasuring the

coi | current dufing the accel eration phase of t |§e§1ﬁ:ﬁtHA§BEENtW ceto
determ ne- r(dgﬁt a%] %% The met hod of clygi m 18 erelFﬂrE vel ocijties
associ ated:w &%2sition of the actuator ar hﬂm AR and at

LRLE LY

the end of | (delta) are used to determ ne.the change in veI OCIty,
X2(delta), due togfdlewrdiangee is detenndndd ftdwe -val ues of coil resistance,

| (delta) ~
ACC = © Kt*Lhead*TPM#T#*2 * (Ipeak + Ibemf)
J

Where

Kt - Torque constant. units-
Newton-metre/amp 1 Newton=1 -
Kilogram-metre/second®*2

Lhead - Distance to servo head. units- metres

TPM - Number of tracks per metre. units-
tracks/metre

T - Sample time. units- seconds/sample

J - Moment of inmertia. units-
Kilogram-metre¥¥*2

Ipeak - Peak current capable of being
delivered by the power supply. units-
amps. Formula for calculating the
peak current is:

Ipeak = Vsup

Rcoil + Rdriver

Where

VS“P - Power supply voltage. units- volts

Rc?il - Resistance of voice coil. units- ohms

Rdriver - Resistance of all other elements in
the system (eg. voice coil driver
FET's when fully on, current sense
resistor, flex cable lead resistance,
etc.). units- ohms

/
Ha., Been I‘{\eﬁi“d . '
* ¢ L M § =



and 5(2(de| ta) used in the following fornula to estimate the torque
constant: [ERR|" torque constant used to estimate ACC, which is used to-
generate a velocity to position profile for the deceleration under
saturation mode. 20. The method of claim 17 further | CAIPBHBENAASTEERTEPS
of : measuring the maxi mumcurrent, ‘I (max) and the vel oci tREPE ARE spondi ng to
maxi mum current, X2(max) while applying the accel er: . he

coi | ; and esti RROr#yOPI peak) using i (maxP8and X2(max), |(peak) is used to
estimate the ACC termin generating the vel oci t%/ to pot3| tItOI’l profl!sgiam[):E;?R]

[ he novegent .0 at.or arm asse
21. An apparatus fgr controlling tf BENL, HV%JQ&@% ﬁ'@“@én‘{aﬁ“ghréal‘ﬁy

in a disk drive, the actuator arm assenbly novene o 1
controlling the current to a coil of an ef¥ect? ithalbagbtEdF ofs e matviag Wi th

the actuator, said apparatus conprising: voice coil. units- amps. Since the

coil slows down during deceleration

the current available from the back
EMF goes down. Therefore the average
Ibemf could be assumed to equal one

" half the Ibemf available at each
sample that we compute the X1(min)
value. Formula for calculating the
back EMF current is:

Ibemf o= X2(present )*Ke*Kemf
2*Rcoil
" Where
i
Kg - Same value as Kt but units are
Volts/radiéﬁ/second
Kemf - Calibration factor to convert units of

numerator to volts. The formula for

Kemf is:

.Kemf = 1

TPM*Thead*T

7. . A method as claimed in Claim 6 further including the step of
measuring the coil resistance prior to each seek.

_.8. A method as claimed in any of Claims 6 or 7 further cémprising the

Step of measuring the coil current during the acceleration phase of the
seek at least twice to determine I(delta).

]
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means for generating a conservative velocity against position profile for
decel erating the actuator arm assenbly so the actuator arm assenbly w |
stop and settle at a desired position; means far selecting a first
position, Xl(arrive max),.fromthe desired position where the actuator w |l
stop and settle;. neans for sel ecting a second posy . i n), a
number of tracks away fromthe desired 7p05|t|on whdHE SHBE HASaBE(EN | |
stop and setRO%901828ns for applyi ng arflaccel erati ¢n curREWACED t he |coi | of
the electrical notor to accelerate the actuator arm assenbly, neans for

continuing to aGeel GLALE LSn@f iHA1Akn 3 Mexdld %ﬁew&q@m@lagé&mmd

with the position of the actuator arm at the beginning and at the end of

I(delta) are used to determine the change in velocity, X2(delta), due to.
the change in current, the values of coil resistance, I(delta) and

X2(delta) used in the following formnla to estimate the torque constant:

Kt = ~ Rcoil*Idelta

X2delta*Kemf

said torque constant used to estimate ACC, which is used to
generate a velocity to position profile for the deceleration under

saturation mode.
10, A method as claimed in Claim 9 further comprising the steps of:

measuring the maximum current, I(max) and the velocity
corresponding to maximum current, X2(max) while applying the

-~

acceleration current to the coil; and

estimating I(peak) using I(max) and XZ(max), I(peak) is used to

estimate the ACC term in generating the velocity to position profile:

X2max*Ke*Kemf
Ipeak = Imax 4 ===cccc-c-a-

Recoil

11. A method. for moving an actuator arm assembly to a desired position
in a disk drive, by applying current to a coil of an electrical motor

associated with the actuator, said method comprising the steps of:

generating a conservative velocity against position profile for

de;elerating said actuator to stop at a desired position;

_

T



conservative_velocity profile; means for applying deceleration current in
saturati-on node to decelerate the coil; nmeans for determning a third
position, Xl(arrive) by determning the position of the actuator arm when
the velocity of actuator armdue to the decelerati OlengHE%'?tHAS.'BEE\g
saturation npde - is within a selected value of the jconSe EE{ VETogity
agai'nst posittion profile; and neans for adjusting lthe t ichit he
current in tiROeca04025s switched from acBeteration current to decel eration
current in saturation node when Xl(arrive) is not between Xl(arrive mn)
and Xl(arrive max), 22. An_apparatus fqr ak I n ; of an
act uat f)r arm assé%r’cﬁﬁ“f%waaﬁ(ﬁlgs r?°8ﬁl§‘é’, 9%%93{:{ ﬁg’%)érgré)&"&&égg%%bq?{/g nmovenent
bei ng contr olpbseitibtry wbere thd lartipten@itlisfeRit to a coil of an electrical
not or associated with the actuator, said apparatus conprising: means for

selecting a desired target, posi (LORoRANGAeSiveeRidar O5teaebaninty Assac at ed

of tracks away from the desired position where the actunator will stop;

applying an acceleration current to said coil of the electrical

motor to accelerate said actuator arm assembly;

accelerating said actuator arm to said conservative velocity

profile;

applying deceleration current in saturation mode to decelerate the

coil;

determining a third position, Xl(arrivé) by determining the :
position of said actuator arm when the velocity of éaid actuator arm is
within a selected value of said conservative veloci%y against podition
profile; and -

adjusting the time at which the current in the coil is switched
from acceleration current to deceleration current in saturation mode

when Xl(arrive) is not between X1(arrive min) and Xl(arrive mak).

.12, A method as claimed in Claim 11 wherein minimum deceleration
associated with the worst case conditions is used in generating said
conservative velocity against position profile.

13. A method as claimed in any of Claims 11 or 12 wherein said time at
which the current in the coil is switched from acceleration current to

deceleration current in saturation mode is delayed when Xi(arrive)
occurs before Xl(arrive min).

14,

The method of Claim 13 wherein the time is delayed by one sample
time. :

7_“‘-L~‘~—_“‘*‘~—~—__
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with the desired target position; means for applying an accel eration

eurrent to the coil of the electrical notor to accelerate the actuator arm
assenbly; means for determining the position of tnf ﬁcé T, rB{g-fEﬁ senbly .
and the distance of the actuator arm assenbly fro lfl e é&p Si'tlion at a
plurality of sanple tines; means for determni ha thé& g 1y adsoci at ed

w th each of[@"g (P_%'%tions of the actuasor arm assenbly at ‘each of said
plurality ofl n?) e tines;- means for determning a mninmumdistance to
decel erate tg'he actuator arm assenbly by applying deceleration current in
saturati on nmyele, afdeaiod lae clelinad iy a8% <ol HHEY M 117 8adh Urreld orrifal ity
of sanple tiﬁrg‘gswhtia'l-‘ttng L2 gRt i €h@Goti Y ;is switched from acceleration current

to deceleration current in saturation mode begins sooner when Xl(arrive)

occurs after X}(arrive max).

16. The method of Claim 15 wherein the time is incremented by one

sample time.

15. A method for estimating deceleration of an actuator arm assembly by
a deceleration current in saturation mode, said method comprising the

steps of:
measuring the resistance of the coil before the seek;

measuring the change in coil current during the acceleration

portion of the seek;

i determining the change in velocity during the acceleration portion
of the seek;

-

measuring the maximum current .in the coil during the acceleration
portion of the seek; and

determining the maximum velocity associated with the maximum

current in coil during the acceleration portion of the seek.

18. The method of Claim 17 wherein the estimate of deceleration under

saturation mode is determined using the following formula:

ACC -

Kt*Lhead*TPM*T**2 * (Ipeak + Ibemf)

where

B
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means for conparing_t he determ ned m ni nrum di stance, to the distance of the
actuator armassenbly fromthe target position for each of said plurality
of sanple tines; and neans for. applying deceleration current operating in

saturation rmde to the coil

p—

once the determined m gEp M thin
a sel ected anmount of the di-stance of the actuator %r . ﬁﬂE@ﬁ gEEﬁEg%rge _
position for ghe-particular sanple time gntil reachi br get .

23. A net hod

ol ling the novenent of an actuator armin a disk

drive, the actuator.arm novenent being controlled by energy supplied to a
notor associated yith the actuator arm gatdqhen@nbechtcomplitsi ng the steps

of : determ ni ng a conservative velocity rNth%Reruett!ef/lmErlofNL:Jn%nf-Pr t he

actuator arm: acceleratlng the actuator arm

osition and an -

actual velocity, the actual velocity ass&é%%ﬂfé‘ﬂ'mﬁk‘ttﬁs‘f‘ﬁ’édﬁzr st position
bei ng substanti al ky.4r eater than the vel ogstayice to servo head. units- meters

TPY
Ipeak

Ipesak

where
Vsup

_ Reoil
Rdriver

Ibemf

'\

.i }'IS Shnet I'_"as

;Iiili!.f i

Number of tracks per meter. units-
tracks/meter

Sample time. wunits- seconds/sample
Moment of inertia. wunits-
Kilogram-meter¥*2

Peak current capable of being
delivered by the power supply. units-
amps. Formula for calculating the

peak current is:

Rcoil + Rdriver

-

Power supply voltage. units- volts
Resistance of voice coil. units- ohms
Resistance of all other elements in
the system (eg. voice coil driver
FET's when fully on, current sense
resistor, flex cable lead resistance,
etc.). units- ohms

Current available during deceleration
due to the back EMF of the moving
voice coil. units- amps. Since the
coil slows down during deceleration
the current available from the back
EMF goes down. Therefore the average

Ibemf could be assumed to equal one

‘half the Ibemf available at each

sample that we compute the X1{min)

AU



associated with the first position according to the conservative velocity
to position profile; and decelerating the actuator armin saturation node
to a second position which is within-a predet er m ned Rl & fiA ?tEg
desired track, the deceleration in saturation node rg umm’-ﬁgﬁéé gl _
vel ocity. associ ated wth the second position to a value sel dct ed

anount of the veI ocCi ty gccordl ng to the cgpservative velocity to position

profile. or performng a seek operation in a disk drive (10)
usi ng current |n the saturatlon node to accel erate and decelerate the
actuator arm (20) is disclosed. |In the fwabt. Formula for calculating the

- back EMF current is: B

Ibemf = X2(present)*Ke*Kemf
2*Rcoil
where '
Ke - Same value as Kt but units are
' Volts/radian/second
Kemf - " Calibration factor to convert units of

numerator to volts. The formula for

Kemf is:

Kemf = 1

TPM*Lhead*T
i P
‘wherein, the torque constant, Kt, is estimated using the measured
coil resistance, measured change in coil current during the

acceleration phase and determined change in velocity according to
the following formula: -

Kt

Rcoil*Idelta

X2delta®*Kemf

and; wherein, the peak current.'I(peak)_is estimated using the
measured maximum current and the determined maximum velocity for

the acceleration phase of the seek, according to the following

formula:
. X2max*Ke*Kemf
_Ipeak ’ = Imax + ~-=-crcccaaa
' Recoil
- _——_—__—_______________
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enbodi nent, several rreasurerrents are made during the acceleration portion

of the seek to

estimate t hé¥décel eration available in saturation node. In a

second enodi nent, the point at which the current is switched from .
accel eration current to deceleration current is ad‘% }SedH@@pﬁﬂslmﬂ he

positi on where

the actuator arm (20) cones within e5|ﬁ Aeggunt t he

vel ocity of a “egg_%gyzsprofi | e assum ng vurst case Lcondi i+ ghs—Fe—3

9, - The method of Claim 18 further comprising the step of measuring the
oil .current during the acceleration phase of the seek at least twice to

etermine-l(delta).

0. The method of Claim 19 wherein the velocities associated with the
osition of the actuator arm at the beginning and at the end of I(delta)
re used to determine the change in velocity, X2(delta), due to the
hange in current, the values of coil resistance, I(delta) and X2(delta)

sed in the foilowing formula to estimate the torque constant:

Kt Rcoil*Idelta

X2delta*Kemf

said torque constant used to estimate ACC, which is used to

generate a velocity to position profile for the deceleration under
saturation mode.

.

?l. The method of Claim 18 further comprising the steps of:

_ measuring the maximum current, T(max) and the velocity
cogresponding to maximum current, X2(max) while applying the

acceleration current to the coil; and

estimatlng I(peak) u51ng I(max) and X2(max), I(peak) is used to |

) estimate the ACC term in generating the velocity to position profile:

in a disk drive,

. X2max*Ke* *Kemf
Ipeak = Imax + =-m-=mmoeceaa

-22. Apparatus for controlling the movement of an actuator arm assembly

the actuator arm assembly movement being controlled by

—
n; n |
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applying a current to a coil of an electrical motor associated with said

actuator, said apparetus comprising: -

eans for generating a conservative velocity against position

ptofile for decelerating said actuator arm assembly so the actuator arm

.assembly will stop at a desired position;

means for selecting a first position, Xl(arrive max), from the

desired position where the actuator will stop;

means for selecting a second position, Xl(arrive min), a number of

tracks away from the desired position where the actuator will stop;

means for applying an acceleration current to the coil of the

electrical motor to accelerate the actuator arm assembly;

means for centinuing to accelerate the actuator arm after exceeding

the conservative velocity profile;
) i

means for applying deceleration current in saturation mode to
decelerate the coil;

means for determining a third position, Xl(arrive) by determining
the position of the actuator arm when the velocity of actuator arm due
to the deceleration current in the saturation mode is within a selected

value of the conservative velocity against position profile; and

means for adjusting the time at which the current in the coil is
switched from acceleration current to deceleration current in saturation

mode when X1(arrive) is not between X1(arrive min) and X1(arrive max).

23. Apparatus for controlling the movement of an actuator arm assembly

in a disk drive, the actuator arm assembly movement being controlled by

applying 8 current to a coil of an electrical motor associated with said
actuator, said apparatus camprising:

Sheet Ha., Been l\e.p.'\cml
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means for selecting a desired target position, and desired target

velocity associated with the desired target position;

means for applying an acceleration current to the coil of the

electrical motor to accelerate the actuator arm assembly;

means for determining the position of the actuator arm assembly and
the distance of the actuator arm assembly from the target position at a
plurality of sample timesg

means for determining the velocity associated with each of the
positions of the actuator arm assemhly at each of said plurality of

sample times;

_means for determining a minimum distance to decelerate the actuator
arm assembly by applying deceleration current in saturation mode, from
the velocity associated with each of said plurality of sample times to

the target velocity;

means for comparing the determined minimum distance, to the
distance of the actuator arm assembly from the target position for each

of said plurality of sample times; aud

. means for applying deceleration current operating in saturation
mode to the coil once the determined minimum distance is within a
selected amount of the distance of the actuator arm from the target
position for the particular sample time nntil reaching the desired

target.

_—__—__——_______________
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