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Abstract - A novel control technique for hard-
disk spindle motor is presented that improves the
efficiency of the motor drive system. A spindle
motor is first characterized by its 'identity',
which is the per-phase torque profile, and then
the identity is used to generate an optimal drive
current or voltage for driving the spindle. The
harmonic content in the drive current is also
significantly reduced. ‘

I. INTRODUCTION

Reduction in form-factor and increase in
storage capacity present several challenging
issues in spindle motor designs. These issues
include space constraint, run-out requirement,
torque ripple demands, acoustic noise generation
and bearing selection. This paper reports a
highly optimized drive controller for spindle
motors and describes the "development of a
control strategy for high-torque spindle motor
drives used in hard-disk drives (HDDs).

II. CONCEPT OF 'MOTOR IDENTITY' FOR TORQUE
ANALYSIS AND CONTROL

The concept of Motor Identity' is first
proposed by Bi et. al [1,3] for application in
permanent-magnet synchronous motors
(PMSMs). Using this concept, the motor is
characterized by its 'identity', which is the per-
phase dynamic torque profile of the motor. The
identity of the motor can be obtained either by
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indirect = measurement of the  motor
inductances,or by direct method of measuring
per-phase dynamic torques [4].

This concept eliminates the use of
conventional lumped parameter models of the
motors. The identity of the motor can be
captured by simple experiments and the
identity contains all the mnecessary
information for the construction of a current
controlled or voltage controlled torque
controller. The identity control algorithm
[2,4], developed from the motor identity,
produces an optimal current to meet specified
torque performance. The 'optimality' of the
current is defined here as the production of a
constant torque with minimum rms current.
This control strategy is applied to HDD
spindle motors.

II1. IMPLEMENTATION OF IDENTITY CONTROL
IN HDD SPINDLE MOTORS

Current hard-disk spindle motors are
voltage controlled where the voltage input
excitation to the stator windings are
rectangular. shape of width 120° [5]. This
voltage excitation is aimed at achieving
rectangular shaped phase currents by
assuming the rectangular or trapezoidal back
emf and the inductances negligible.

To implement identity control on
spindle motors, the identity of the motor is
obtained experimentally. The dynamic
torques produced when the A-phase and both
A-phase and B-phase are excited by unity

0018-9464/95$04.00 © 1995 IEEE

Authorized licensed use limited to: University of Shanghai For Science and Technology. Downloaded on July 13,2020 at 11:47:01 UTC from IEEE Xplore. Restrictions apply.



3118

currents are characterized and used to
determine the identity of the motor [4]. The
results are used to determined the identity of
the motor [2], as shown in fig. 1.

Based on the
algorithm, optimal

identity
current

control
to produce

. maximum and ripple-free torque is first

generated by  considering
cancellation between the currents and airgap
fields. However, since all the HDD spindie
motors are voltage controlled and therefore
only three parameters can be manipulated :
the input dc link voltage (V), the duty cycle
control angle (¢) and the load angle (y) (see
fig.2). Optimization for these parameters are
carried out based on the generated optimal
current waveforms. Once these three
parameters are determined programmed into
HDD spindle controller, proper voltages can
then be feed to the motor in order to achieve
the optimality previously defined.

IV. RESULTS

The identity controller is implemented
for a 3.5" HDD spindle motor and it is
compared with a conventional brushless dc
(BLDC) motor driver [5] on a commercial
3.5" hard-disk drive. Fig. 3 and Fig. 4 show
the phase current and back-emf waveforms
for the identity controller and the BLDC
controller respectively. It is observed that the
currents for both controllers are different
from the theoretically assumed rectangular
currents. The results, with the drive at 3600
rpm, were spectrum analyzed. Several sets of
readings were taken and the averaged results
are tabulated in Table 1. The results show
that the - fundamental current of the
conventional control is larger than that for the
identity controller. The fifth harmonic of the
BLDC controller is positive in sign while that
of the identity controlier is negative. This
difference in sign accounts for the higher
fundamental current in the conventional

harmonic-

BLDC spindle when compared with the
identity controller. The negative fifth
harmonic produces a positive sequence
torque that helps to sustain load torque.

The efficiencies of the motors are also
compared as tabulated in Table 2, with the
motor running at 3600 rpm. The efficiency
of the motor with identity controller is shown
to be better by an average of 6 %.
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Table 2. Power Efficiencies For Both Controllers
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