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most straightforward approach to improving move-time (i.e.,
decreasing it) in the presence of a magnetic bias would be to
increase the available power. However, customer price and
other constraints, and industry standards tend to limit the
amount of overall power a given disc drive can consume and
the move power factors into that limitation.

The economic advantages of using a pure magnetic bias for
shock resistance argue that, in spite of the above-identified
and othcr problcms, the usc of such latches usc should be
investigated. Although any number of prior art references
have considered this approach, there remains no satisfactory
solution to the problems associated with the use of magnetic
latches and, in more particular, to the problems associated
with moving a disc drive arm in the presence of nonlinear
magnetic bias. Accordingly, it should now be recognized, as
was recognized by the present inventors, that there exists, and
has existed for some time, a very real need for a method that
would address and solve the above-described problems.

Before proceeding to a description of the present invention.,
however, it should be noted and remembered that the descrip-
tion of the invention which follows, together with the accom-
panying drawings, should not be construed as limiting the
invention to the examples (or preferred embodiments) shown
and described. This is so because those skilled in the art to
which the invention pertains will be able to devise other forms
of this invention within the ambit of the appended claims.

SUMMARY OF THE INVENTION

According to a preferred aspect of the instant invention,
there is provided a system and method of moving a disc drive
arm in the presence of nonlinear magnetic bias. Further, in
another preferred embodiment the instant method will be
adaptive and/or self-corrective when used with disc drive
hardwarc other than the hardware that was used to model the
movement function.

In a first preferred embodiment of the instant invention, a
method of controlling a disk drive arm motor such as voice
coil motor actuator (VCMA) in the presence of a non-linear
magnetic bias is taught. The instant method begins by mod-
eling in a general way the force exerted on a drive arm in the
presence of a non-linear magnetic bias. In the preferred
arrangement, the model will be designed to represent an arm
to which a steel object (e.g., a pin) has been affixed or
inserted. Preferably, the torque profile in the presence of the
magnetic bias will be estimated and represented functionally
using a fifth degree polynomial. Using the calculated arm
inertia and sweep angle, a bias feature is then designed to stop
the arm after it has traveled a predetermined angular displace-
mentfollowing the impact of a shock. Additionally, a method
of moving the arm in the presence of the magnetic field is also
disclosed.

As a second preferred embodiment, there is provided an
invention substantially as described above, but wherein the
movement parameters of the drive arm are adaptively modi-
fied based on feedback from the drive controller and arm. In
more particular, a method is taught hereinafter of iteratively
modifying a given parameter set to more accurately represent
the actual performance characteristics of the drive on which it
operates. This approach would be particularly useful in the
instancc where, for cxample, physical paramctcers that were
determined for one drive are used on another drive. Based on
this approach, method of oblaining a stable, adaptive seek
controller is taught hereinafter.

The foregoing has outlined in broad terms the mare impor-
tant features of (he invention disclosed herein so that the
detailed description that follows may be more clearly under-
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stood, and so that the contribution of the instant inventors to
the art may be better appreciated. 1'he instant invention is not
to be limited, in its application, to the details of the construc-
tion and to the arrangements of the components set forth in the
following description or illustrated in the drawings. Rather,
the invention is capable of other embodiments and of being,
practiced and carried out in various other ways not specifi-
cally enumerated herein. Finally, it should be understood that
the phrascology and tcrminology cmployed herein arc for the
purpose of description and should not be regarded as limiting,
unless the specification specifically so limits the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become
apparent upon reading the following detailed description and
upon reference to the drawings in which:

F1G. 1 illustrates the general environment of the instant
invention in the context ol a computer disc drive.

FIG. 2 is a functional diagram of a typical disc drive.

FIG. 3 illustrates a preferred hardware configuration suit-
able for use with the instant invention.

FIG. 4 isa flow chart that illustrates some preferred steps in
the instant invention.

FIG. 5 contains a plot of an empirically determined mag-
netic bias torque.

FIG. 6 contains state feedback performance charts repre-
sentative of one aspect of the instant invention.

FIG. 7 contains performance charts representative of an
adaptive controller design.

FIG. 8 contains a series of curves that illustrate the chang-
ing values of the estimated bias polynomial coefficients dur-
ing adaptive operation of the controller.

DETAILED DESCRIPTION

While this invention is susceptible of being embodied in
many different forms, there is shown in the drawings, and will
herein be described hereinafter in detail, some specific
embodiments of the instant invention. It should be under-
stood, however, that the present disclosure is to be considered
an exemplification of the principles of the invention and is not
intended to limit the invention to the specific embodiments or
algorithms so described.

General Environment of the Invention

To illustrate an exemplary environment in which presently
preferred embodiments of the present invention can be advan-
tageously practiced in the context of computer disc drives,
FI1G. 1 shows an exploded view of a data storage device 100.
The device 100 is preferably characterized as a small form
factor disc drive used to store and retrieve user data in a
battery-operated, handheld mobile product such as a note-
book computer or a digital camera, but such is not limiting to
the scope of the claimed subject matter.

The device 100 includes a rigid environmentally controlled
housing 101 formed from a base deck 102 and a top cover
104. A spindle motor 108 is mounted within the housing 101
to rotate a number of data storage media 110 (in this case,
two) at a relatively high speed.

Data are stored on the media 110 in an array of concentric
tracks (not shown), having a nominal radial density of about
100K tracks/inch (in). The tracks arc accesscd by a corre-
sponding array of data transducing heads 112 (transducers).
The heads 112 are supported by an actuator 114 and moved
across the media surfaces by application of current to a voice
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coil motor, VCM 116. A flex circuit assembly 118 facilitates
communication between the actuator 114 and control cir-
cuilry on an externally mounted printed circuit board, PCB
120.

As shown in FIG. 2, the control circuitry preferably
includes an interface circuit 124 which communicates with a
host device 126 using a suitable interface protocol (fibre
channel, SAS, SCSI, etc.). The interface circuit 124 includes
abuffcr (cachc memory) 128 for the temporary storage of data
being transferred to or from the media 110. A controller 130
provides top level control for the device 100 and is preferably
characterized as a programmable, general purpose processor
with suitable programming to direct the operation of the
device 100.

A read/write channel 132 encodes data to be written to the
media 110 during a write operation and reconstructs trans-
duced readback signals from the media 110 to reconstruct
previously stored data during a read operation. A preampli-
fier/driver circuit (preamp) 134 provides head selection cir-
cuitry and conditions signals provided to and received from
the heads 112.

A servo circuit 136 provides closed loop positional control
for the heads 112. The servo circuit 136 preferably includes a
digital signal processor (DSP) 138 which operates in accor-
dance with associated programming and data in memory
(MEM) 139 and in response to control inputs from the top
level controller 130. A two processor system is preferred, but
not required.

During a seek operation, the servo circuit 136 moves a
selected head 112 from an initial track to a destination track
onthe associated media surface. Generally, the seek operation
is not concluded until the head has successfully settled onto
the destination track and the servo circuit is able to follow that
track 1o allow the initiation of data access operations there-
with.

It is desirable to carry out seeks in a minimum amount of
time in order to maximize overall data throughput rates with
the host 126.

Discussion of the Preferred Embodiments

Turning now to a discussion of the instant invention,
according to a first preferred embodiment, there is provided a
method of moving a disc drive arm in the presence of a
nonlinear magnetic field, wherein the arm has been fitted with
a steel or other ferrous element that reacts to the magnetic
field and serves to help restrain the motion of the arm in the
event of a shock disturbance. In the preferred embodiment,
application of the instant approach will yield a latch which
utilizes a magnetic bias that has been created by positioning
the steel element in the magnetic air gap of a voice coil motor
actuator (i.e., VCMA). This sort of latching mechanism has
the advantage of being a single, inexpensive mechanical part.
Unlike the bi-stable latch constraints discussed previously,
the size of the VCMA is less restricted so motor performance
can be optimized. In addition, the bias can be distributed over
the entire sweep angle, therefore less current is required dur-
ing head loading than a bi-stable design.

FIG. 3 illustrates one preferred hardware arrangement suit-
able for use with the instant invention. As is generally indi-
cated in this figure, disk platters 310 are interrogated by disc
drive heads (not shown) via movement of head arm 320 which
rotates around shaft bearing 350. In the preferred embodi-
ment, the actuator of the disc will bea VCMA as cvidenced by
voice coil 330 and magnet 340. Additionally, a bias element
305 (e.g., a steel pin or other [errous metal item) will prefer-
ably be made a part of the arm 320, which bias element 305 is
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sized and positioned to provide the requisite magnetic latch-
ing force according to methods well known to those of ordi-
nary skill in the arl. Preferably, (he bias element 305 at least
partially protrudes into the air gap of the magnetic circuit.

Although, a constant bias torque would be most desirable
for controller design, a passive bias is more practical and is
utilized for purposes of the instant invention. Preferably, the
bias will generate a torque profile capable of matching the
cnergy transferred from a shock and, unfortunatcly, this tends
to produce a nonlinear torque profile. A force is generated on
the steel member 305 proportional to the square of the aver-
age flux density at the corresponding location. Shaping the
torque profile produced by the steel feature can be achieved
iteratively by changing the location and geometric parameters
of the steel.

Those of ordinary skill in the art will recognize that the
hardware configuration of FIG. 3 was only given for purposes
of example and other configurations are certainly possible.
What is required for purposes of the instant embodiment,
though, is that a steel or other ferrous element 305 be in
mechanical communication with the drive arm and that the
net effect of the nonlinear magnetic field on the element 305
being to oppose or damp the movement of the arm in the
presence of shock.

Additionally, it should be noted that, at its most basic, a
ferrous element 305 in a magnetic field of the sort utilized
herein creates a nonlinear restorative bias of the sort that
could be produced by a variety of other methodologies
including, without limitation, a metal spring (or other device)
that operates elastically and urges the drive arm back toward
a nonoperational position (e.g., moves the arm toward its
parked position). Thus, when the term “magnetic field” is
used herein, that term should be broadly understood to be any
elastic restorative force that satisfies this simple requirement.

Given the chosen hardware configuration, it is preferred
that a mathematical model be developed that represents that
physics of drive arm movement in the presence of the selected
magnet field. It is further preferred that the bias be designed to
operate across the entire sweep angle to halt the arm’s move-
ment within a predetermined angular range assuming a rota-
tional shock ol a given magnitude. One preferred strategy lor
doing this is to design a bias torque that applies an amount of
energy that is equivalent to—or greater than—that of the
expected shock, thus halting the rotational progress due to the
shock within a predetermined or desired angular displace-
ment. As might be expected, this model should take into
account various disc drive geometrical and other form factor
limitations as discussed below.

In formulating the mathematical model. it is expected that
in most cases industry and other standards will be taken into
account. For example, mounted below the VCMA is typically
a printed circuit board (PCB) that contains most of the disc
drive clectronics. In order to reduce the effects of clectromag-
netic interference and prevent small ferrous particles from
adhering to the PCB, a maximum VCMA flux leakage speci-
fication is typically required at the PCB surface. Additionally,
and as was previously discussed, both operating and nonop-
erating shock disturbances can be detrimental to disc drive
performance. For a given rotary arm design, an imbalance
typically exists about the pivot center. Effects of linear shock
and vibration are magnified by the size and distance the
imbalance lies away from the pivot. Therefore, and according
to a preferred embodiment, robustness to operational shock
and vibration arc achicved by minimizing thc arm imbalance.

5 For example, the coil mass and geometry can be selected to

reduce the overall arm imbalance. In (he case of rotational
shock, amaximum limit is preferably specified that the latch-
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ing mechanism is gnaranteed to meet and such will preferably
be reflected in the mathematical model.

Further, industry standards operate to limit the size or
form-factor of a disc drive and therefore the size of the
VCMA. This limitation tends to restrict the height and profile
of the magnetic circuit. The VCMA is typically mounted in
one corner of the drive shell and allowed to extend out to the
arm pivot location. In most instances, the PCB, base mount-
ing shell, cover, and magnetic circuit thickness must all sum
to less than the form-factor height. Still further, the voice coil
profile is typically limited by the sweep angle or total stroke
of the actuator. Note that the above general criteria been
assumed to illustrate a preferred embodiment of the instant
invention and, as such, are not critical its operation. Those of
ordinary skill in the art will understand how the preferred
embodiments discussed hereinafter would need to be modi-
fied in the event that any of the foregoing criteria are changed.

Using the above geometric form factor constraints and
sweep angle requirements, a coil geometry is next preferably
determined. Although a lumped parameter magnetic circuit
design was generated might be utilized, the use of lumped
parameter methods typically overestimates the air gap flux
density and gives lirtle information about the flux leakage
behavior. Thus, the geometry will preferably further be
refined into a distributed parameter representation according
to methods well known to those of ordinary skill in the art.
Preferably, magnetic finite-element analysis will be used to
provide a more realistic representation of the actual VCMA
performance. The results of one such study for a particular
disk drive are summarized in Table 1 below.

TABLE 1

Dynamic Mode] Parareler Cotnparison

Parameter Lumped Distributed
Torque factor (K;) 87 N-mm/amp 75 N-mm/amp
Inertia () 47.31 g-em? 47.31 g-cm?
Coil resistance (R) 8.7Q 87Q

Coil inductance (L) 2.6 mH 1.15mH

As next preferred step, a functional form that models a
shock to the drive will be selected. Although many different
model equations might be chosen, for purposes of computa-
tional convenience preferably an equation similar to the fol-
lowing will be used:

ad= A,,si.n(”—;_—t].

where A, is the shock angular acceleration amplitude and v is
the shock pulse width. Those of ordinary skill in the art will
recognize that integrating the previous equation with respect
to time and choosing the boundary conditions ¢ ,(0)=w (0)=0,
produces the angular velocity:

w(i) = %[1 —cos(”:[”.

The torque on the arm resulting form the assumed shock
can be written as:

L) = Ja® = JAsinl )
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and the total energy, E . of the shock can be written as the time
integral of the shock power, P =1 o, over the pulse width:

g 2(A, )
E(n= f Twsnds = 2027
[ n

Finally, given the foregoing, the energy of abias torque, F,,
can be computed from:

Ey=],%(®)d0

where ¢(6) is the bias torque as a function of the arm sweep
angle 0.

It is important to note that in the preferred embodiment, a
bias torque will be selected that applies an amount of energy
that is greater than or equal to that of the shock (i.e., E,ZE,)
and in an oppositc dircction, thereby tending bringing the arm
to back rest after it has traversed a desired angular displace-
ment. For purposes of illustration only, and by reference to the
previous equations and Table 1 supra, a particular example of
the shock energy was determined to be 6.13 mJ. Thus, if a
constant bias were to be chosen to bring the arm to rest within
the total sweep angle, 6, the magnitude of the bias torque
required would be ¢=E_j8,.

It is further noted that there are frictional forces between
the head and disc interface which tend to suppress motion
during a shock. These forces were neglected for purposes of
this disclosure, although such could readily be incorporated
into the instant design by those of ordinary skill in the art.
Thus, in some sense the present approach represents a worst
case scenario in terms of the required torque.

As next preferred step, the energy of the torque profile
throughout the sweep angle is calculated. In some preferred
embodiments, the torque profile will be determined empiri-
cally via direct measurements taken on a drive equipped with
a magnetic latch of the general sort disclosed herein (e.g., see
FIG. 5). In other instances, this curve might be estimated
using, for example, finite element modeling of the drive arm
in a magnetic field (Maxwell’s equations) based on input
parameters such as known (or assumed) boundary conditions,
hardware geometry, magnetic field information (including
size, dimensions, strength, etc. of the magnet), air gap, etc.,
that are representative of the selected drive,

The torque profile will preferably be fit to an n-th order
polynomial of the form:

pO=Y

=0

where ¢, is the i-th order coefficient. Those of ordinary skill in
the art will recognize that the functional form selected above
to model the drive torque profile is given only as an example
of the sorts of functions that could potentially be used. For
example, rather than a polynomial, a sum (or product, etc.) of
exponentials, trigonometric functions (e.g., sines, cosines,
etc.), generalized wavelets, or other basis functions could be
used. All that is required is that the functional form of $(6) be
specified and that, that the functional form contain one or
more parameters that are to be estimated from the empirical or
theorctical (c.g., finite clement) torque profile, and that the
resulting function should be nonlinear in the variable 6. In the
prelerred embodiment, the torque profile will be estimated
using a fifth degree polynomial although, and as is discussed
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more fully hereinafter, other lower (or higher) degree poly-
nomials could certainly be used in the alternative. Addition-
ally, it is preferred that the polynomial coefficients be deter-
mined using a curve fitting routine such as least squares
according to methods well known to those of ordinary skill in
the ant.

Note that it is an important aspect of the instant invention
that most of the relevant physical parameters of the motor and
arm (and other hardware companents of the drive) will be
assumed to beat leasl approximately known or estimable, and
that the only remaining significant unknowns are associated
with the magnetic bias torque. More specifically, the values of
the parameters in the selected functional form (e.g., the coef-
ficients of a fifth degree polynomial) that is used to approxi-
mate the bias torque will be assumed to be unknown, at least
until a fitted or initial value for those parameters is chosen.

As a next preferred step, a dynamic model will be devel-
oped based on the torque profile and the physics of the drive
itself. Noting that the magnetic bias opposes the arm torque
when a positive current is applied, the mechanical dynamics
of the VCMA can be represented as:

JO=K i~9(9)

where 8 is the angular acceleration (the double dots above
theta representing a second derivative), J is the arm inertia,
and K, is the torque factor as defined previously. The electrical
circuit dynamics of the VCMA are preferably described by

Vi =Ri Ldi V

=Ri+L— +V,

A T
where

V, = K,9

is the back electromotive force, R and L, are the coil resis-
tance and coil inductance, respectively. The supply voltage,
V., represents the control signal. In a three-state system (e.g.,
position, velocily, and current), choosing he states as x,=0,
x,=8, and x,=i, and denoting the control input as u=V,, the
system can be represented in the state-space form as accord-
ing (o the following key result:

%= Ax+ Bu— Byd(X))

where,
0 1 0 0 0
K
] L 1
ac|® ¢ Tl s<|%] 5= !
o K _R 1 o
T L L

It should be noted that the matrix By, of the bias nonlinearity
is not in the range space of the input matrix B. Therefore, the
system does not satisfy the matching condition, as that term is
known in the nonlinear systems arts.

Note that the forgoing approach has resulted in the deter-
mination of a preferred dynamic model for use in moving a
drive arm in the presence of a given non-linear magnetic bias.
Those of ordinary skill in the art will understand that the
previous approach may readily he madified to accommaodate
different models of the VCMA dynamics and 1nagnetic bias.
As such, it is expected that the previous equation may need to
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be modified in some circumstances and the derivation pre-
sented above instructs as to how this might be done generally.

As a next preferred slep, a relerence trajectory will be
generated for the preferred hardware configuration. Note that
this step is actually optional, although the instant inventors
(and others) have determined that the use of a reference tra-
jectory has the potential to greatly improve the performance
(e.g., reduce the seek time) of drives in which such is used.
The trajectory is preferably modceled by a functional form
such as high order polynomial although certainly other func-
tional forms could certainly be chosen in the alternative. That
being said, whatever the reference model that is chosen, pref-
erably the model will produce smooth trajectories for the
controller to track so that vibration, acoustic energy, and
power usage will be minimized. Inthe preferred arrangement,
a seventh-order polynomial is utilized:

40 = iﬁu‘

where coefficients 3, are to be determined according to the
following preferred boundary conditions:

6(0)=0(0)=H(0)-8(0)~0
O(1,)=6(2,)=8(t;)=0

6(tr)=6¢

Trajectories can then be defined for 8, 8,, and @, The
reference trajectory for current is preferably computed from
the following equation:

. _ J 0
L= X D)
and the reference voltage from:

L.
V() = Fe,m +Ri,() + K:6,(0).
4

Introducing the previous equation into the corresponding
reference model

£ =dx +BV,

produces the required state reference trajectory.

Finally, and according to still another preferred embodi-
ment, there is provided a method substantially similar to that
discussed previously, wherein an adaptive method of com-
pensating forthe magnctic bias unccertainty is utilized. That is,
those or ordinary skill in the art will recognize the method of
determining a reference trajectory discussed previously is
theoretically valid only for a disc drive for which the param-
eters such as those in Jable 1 have been determined. Although
it might be expected that other disc drives of the same type
will have similar parameter values, there is no assurance of
that fact and, in some circumstances, small changes in the
drive parameters could possibly lead to substantial variations
in calculated coeflicient(s). As a consequence, there is taught
hereinafter a method of creating a self-correcting controller
for usc in the presence of non-lincar magnctic bias.

As a starting point, it should be noted that one goal of the
instant embodiment is to design an adaptive controller that
will estimatc the uncertain cocfficients of the nonlincar bias in
the dynamic model and take corrective action such that the
tracking error will continuously improve and eventually con-
verge to a stable solution that is appropriate for the particular
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disk drive arm physical parameter is selected from a group
consisting of a torque factor, an inertia, a coil resistance, and
a coil inductance.

4. A method of moving a disc drive arm in a nonlinear
magpnetic field according to claim 1, wherein said functional
form is a fifth order polynomial and said at least one param-
eters are six polynomial coefficients.

5. A method of moving a disc drive arm in a nonlinear
magnctic ficld according to claim 4, whercin step (¢) com-
prises the step of

(c1) determining a value for each of said at least six poly-

nomial coefficients by least squares curve fitting said
torque bias, said fifth order polynomial at least approxi-
mately representing said torque bias when said deter-
mined values are substituted for each of said six poly-
nomial coefficients.

6. A method of moving a disc drive arm in a nonlinear
magnetic field according to claim 1, wherein said disc drive
arm is in mechanical communication with and movable by a
voice control motor, and wherein step (e) comprises the step
of

(el) determining from said control law a voltage value,

(e2) supplying a voltage approximately equal to said con-
trol law voltage value to said voice controlled motor,
thereby moving said disc drive arm within said nonlinear
magnet fleld according to said determined control law.

7. A method of moving a disc drive arm in a nonlinear
magnetic field according to claim 6, wherein said functional
form is a fifth order polynomial and said at least one param-
eters are six polynomial coefficients.

8. A method of moving a disc drive arm in a nonlinear
magpnetic field according to claim 7, wherein step (¢) com-
prises the step of

(c1) determining a value for each of said at least six poly-
nomial coefficients by least squares curve fitting said
torque bias, said fitth order polynomial at least approxi-
mately representing said torque bias when said deter-
mined values are substituted for each of said six poly-
nomial coefficients.

9. An adaplive method of moving a dis¢ drive arm in a
nonlinearmagnetic field, wherein is provided at least one disk
drive arm physical parameter, comprising the steps of:

(a) delermining a lorque bias of said disc drive arm within

said magnetic field;

{(b) selecting a functional form, said functional form having
at least one parameter associated therewith;

(c) determining a value for each of said at least one param-
eters, said functional form at least approximately repre-
senting said torque bias when said determined values are
substituted for each of said at least one parameters;

(d) determining a control law using at least said functional
form, said determined valucs of said parameters, and
said at least one disk drive arm physical parameters;

(e) moving said disc drive arm within said nonlinear mag-
netic field according to said determined control law;

(f) determining a value representative of an error in said
disc drive arm move;

(g) correcting at least one of said at least one determined
parameter values associated with said functional form
according 1o said value representative of an error in said
disc drive arm move;

(h) modifying said control law according to said corrected
determined paramcter valucs associated with said func-
tional form; and,

30

40

45

50

55

60

18

(i) moving said disc drive arm within said nonlinear mag-
netic field according to said modified control law.

10. A method of moving a disc drive arm in a nonlinear
magnet field according to claim 9, wherein said disc drive arm
1s moved by a voice coil motor.

11. A method of moving a disc drive arm in a nonlinear
magnetic field according to claim 9, wherein said at least one
disk drive arm physical parameter is selected from a group
consisting of a torque factor, an inertia, a coil resistance, and
a coil inductance.

12. A method of moving a disc drive arm in the presence of
a nonlinear restorative force, wherein is provided at least one
disk drive arm physical parameter, comprising the steps of:

(a) determining a torque bias of'said disc drive arm when it
is under the influence of said restorative force;

(b) selecting a functional form, said functional form having
at least one parameter associated therewith;

(c) delermining a value for each of said at least one param-
eters of said functional form, said functional form at
least approximately representing said torque bias when
said determined parameter values are substituted for
each of said at least one parameters;

(d) determining a control law using at least said functional
form, said determined parameter values of said param-
eters, and said at least one disk drive arm physical
parameters; and,

(e) moving said disc drive arm within in the presence of
said nonlinear restorative field according to said deter-
mined contro] law.

13. A method of moving a disc drive arm in the presence of

a nonlinear restorative force according (o claim 12, wherein
said disc drive arm is moved by a voice coil motor.

14. A method of moving a disc drive arm in the presence of
a nonlinear restorative force according to claim 12, wherein
said at Icast onc disk drivc arm physical paramctcr is selected
from a group consisting of a torque factor, an inertia, a coil
resistance, and a coil inductance.

15. A method of noving a disc drive arm in the presence of
a nonlinear restorative force according to claim 12, wherein
said functional form is a fifth order polynomial and said at
least one parameters are six polynomial coefficients.

16. A method of moving a disc drive arm in the presence of
a nonlinear restorative force according to claim 15, wherein
step (¢) comprises (he step of

(c1) determining a value for each of said at least six poly-
nomial coefficients by least squares curve fitting said
torque bias, said {ifth order polynomial at least approxi-
mately representing said torque bias when said deter-
mined values are substituted for each of said six poly-
nomial coefficients.

17. A method of moving a disc drive arm in the presence of

a nonlinear restorative force according to claim 12, wherein
said disc drive arm is in mechanical commuunication with and
movable by a voice controlled motor, and wherein step (e)
comprises the step of

(e1) determining from said control law a voltage value,
and,

(e2) supplying a voltage approximately equal to said con-
trol law voltage value to said voice controlled motor,
thereby moving said disc drive arm in the presence of
said nonlinear restorative force according to said deter-
mined control] law.



