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isk drives Cunmtfy in production achicve random
average positioning times between any two track
locations in a 1.2 inch stroke, including foHowmg within
50 micrninches s of the farget rget track, in less than 18 milli-
sec O_ﬂffi The motion control components and systems

oo

design which have permitted this level o[per)’onnar.ce ina

highly reliable mass produced product are somewhat

unique.
many other applications. The particular areas covered in
this presentation include the actuator, position transducer,
ve?oc:!v rieasuring system, and controller.

INTRODUCTION Disk files use a thin magnetic layer
on the surface of a rotating disk for the storage of data
in computer systems. The transducer which writes and reads
this cata is supported just above the surface of disk by a
self-generated air bearing so as to maintain the required
10 to 15 x 10~ ¢ inch spacing without any wear producing
contact. Any location on the disk can be reached by
moving the recording transducer ("“head”) to its radial
coordinate {“track”) and allowing disk rotation to bring
the desired information under the head. Since the access
time to data at any arbitrary Jocation on a disk is determined
by the time required to move the head to the required disk
redius,
access motor control system. However, the head must be
very accurately held at the requzr(d radius after arrival, so
a transient response which minimizes settling te final value
as well as steady state accuracy are also extremely
important.

MECHANICAL SYSTEM CONFIGURATION A typical
layout for the mechanical components of a disk drive is
shown in Figure 1.

Several 14 inch diameter aluminum substrate recording
disks are mounted on a precision spindle rotated at a

However, the design techniques used can have’

rainimum po<mo ving time is the objective for the

THE POSITION TRANSDUCER There are actually two
position axes whose coordinates determine the storage
location of a particular data record on a disk: radial and
circumferential. Both are =icasured by the same servo
head by reading the specially prerecorded information
contained on the dedicated servo disk surface. A format
for the servo surface which provides this information is
shown in Fgure 2.
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FIGURE 2. Sorvo Disk Formst

The magnetic surface of the servo disk is prerecorded
du*mg manutacturing with magnetization areas of either

Nto Sor Sto N polarities- w}uch are represented in. Figure 2
b_\ clear and shzded areas.
signal is a pulse as the boundary between areas is crossed.
The pulse polarity is determined by the type of boundary,
fight to dark or dark to hght and the amplitude is
?e'e*rﬂned by the percentage of the gap length covered by
the transition. Thus the servo head si ignal for the location
shown in Figure 2 would be as shown in Figure 3.
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FIGURE 1. Disk Drve Mechanica! Layout

constant 3500 RPM by means of a belt and drive motor.
In order tc reduce the required radial motion distance,
two heads zre used on each disk recording surface and four
Keaded arm assemblies are the payload of the positioning
systern. The necessary number of read-write arm assemnblies
plue 2 single “servo” arm and head are supporied by a linear
motion carriage and bearing assembly and driven by a
moving coil-permanert magnet ac aator.

'sync_character is deleted.

Thus circumferential position

is determined by the number of syncs counted sirce index

for the current disk revolution. For a continuous measure

of radial position the analog pulse height differences A-B

and C-D are determined. In one cyclic group of 4 trac]G

there are twe nulls in both A-B and C-D, so each of these

4 nulllocations defines a track center as shown in figure 2.

The similarity of this transducer system to the combina-
ticn of an incremental shaft encoder for rotary position
and a two phase linear position transducer such as an
Inductosyn® should now be apparent. However, the
performance levels routinely achieved are far better,
20,000 pulses per revolution, each accurate to better than
+5% of 2 period from its true Jocation, is iypxcal for the
shaft encoder function. The two phase linear position
transducer has typical cycle distance of 0.004 inch (1000
nulls per inch), worst case absolute accuracy of 100 X 107
inch over a 1.2 inch stroke and incremental accuracy of
25 X 107°% inch with an eguivalent carmier frequency of
greater than one megahertz.
¢ Ferrand Controls (continued or follcwing page)
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The servo head electrical read - - -
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THE ACTUATOR The electromechanical linear actuators
used in disk files are wsually constructed with irorless
moving coil armatures and permanent magnet stators. The
actuator configuration so closely resembles that of the
conventionz! dynamic loud speaker used for audio that it
is often referred to 25 a voice coil motor. Teotal stroke
lexigth for use with a 14 inch disk is usually about 1.2 inches;
and tctal moving mass for the system is between 0.2 and
0.7 pounds, depending upon the number of disks and
details of the carriage design.

In order to achieve 16 millisecond average access time
and include 2 milliseconds to verify settling to final
position, the avzilable motion time for an average length
sek of zbout 0.4 inch is 14 milliseconds. This requires
acceleration levels of about 20 times g (the acceleration of
gravity). However, a very demanding requirement for the
actuator is a fast force rise time so that the motion times
for the short seeks can be kept small. For 2 one track seek
distance of one milli-inch (1600 tracks per inch) the
required motion time is 2bout 800 microseconds, during
which the curvent (and thus force) must rise from zero to
z reasonable fraction of final value, reverse to the same
magnitude with opposite polarity, and return to zero.
Therefore, the current rise time to 60% of final value is
usually less than 100 microseconds, an acceleration rate of
120g per millisecond. To achieve this armature time
constant, 2 copper shorted turn is placed on the stator

magnet assembly coaxial with the moving coil, and it often
reduces the eifective inductance of the actuator below that -

of the coil in air.

THE CONTROLLER Nearly Bme optimal control for all
length seeks in the presence of parameter variations is
obtained by using a predetermined deceleration trajectory
and closed loop velocity controller within the position
control locp as shown in Figure 4.
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Empleying this type of controller to achieve not only

minimum motion time, but also maintain the required
steady state position, is not unique. However, the con-
ficuration used to obtain a continuous global position
siznal from an incremental position transducer is somewhat
unusual. Its operation is described in Figure 5. .
This signal processing method uses digital logic and
quantization of the incremental transducer to achieve
ccuracy with wide dynamic range at low cost. In addition
A prevides the same continuous resolution, step-free output
" throughout the entire displacement range that would other-
wise be available only over one half cydle of the ingemental
transducer.

Achieving not only short moticn times, but also fast
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settling to a very small steady state error, requires high
bandwidth mechanical components. Present disk files
often utilize a unity gain bandwidth of 2 to 3 kilchertz in
the velodity transducer minor loop of Fgure 4. Convention-
al mechanical velocity transducers which have sufficiently
high structural resonant frequencies, as well as the
required accuracy, are not only inherently very expensive,
but also’ add mass and structural complexity to the payload.
Therefore, the required velocity information is cbtained
by signal processing without a separate transducer.
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FIGURE S. Posltlon transducser operation

THE VELOCITY MEASURING SYSTEM The positicning
system already utilizes two electromechanical devices, the
actuator and position transducer, which ~can at least
potentially be sources of velocity information. To provide
the required high accuracy positioning capability, the
carriage system inherently has very low friction. Thus the
only forces acting to accelerate the moving mass are pro-
vided by the actuator. Actuator force is directly propor-
tonal to armature current, so measuning this current and
applying the proper scale factor yields acceleraticn. The

time integral of acceleration then provides accurate
wideband velocity except for the problem of DC drift in
the intezrator. The global pesition signal obtained from

the incremental position transcucer can be differentiated

to provide velodty, but it is severely contaminated with
high frequency noise. Howsever, combining these two
signals after processing them through appropriate high pass

and low pass filters gives the accurate wideband phase
linear velodity inforrnation for the motor control system

and is described in Figure 6.
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B. PRACTICAL IMPLEMENTATION

K = ACTUATOR CONSTANT M x MOWING %ASS ¢ = FILTEA NME CONSTANT

FIGURE 6. Valocity sigral processing

CONCLUSION The position transducer and velocity
measuring systems described are not only key to the
performance of disk file positioning systems but may also
be applicable in the design of motion controls for other
applications.

(continued on page 51)
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