
IEEE TRANSACTIONS ON MAGNETICS, VOL. 39, NO. 5, SEPTEMBER 2003 3277

Effect of Drive Modes on the Acoustic Noise of Fluid
Dynamic Bearing Spindle Motors
S. Lin, Q. Jiang, A. A. Mamun, Member, IEEE, and C. Bi, Member, IEEE

Abstract—The torque ripple is one of the major sources of
acoustic noise in the fluid dynamic bearing (FDB) spindle motors.
This paper analyzes the relationship between the acoustic noise
frequency, harmonic current and harmonic field, and compares
the acoustic noise produced in FDB motors driven by different
modes. Results show the effect of drive mode on acoustic noise is
significant in the FDB spindle motors.

Index Terms—Acoustic noise, drive mode, fluid dynamic
bearing, spindle motor, torque ripple.

I. INTRODUCTION

F LUID dynamic bearing (FDB) motors are being employed
widely in hard disk drives (HDDs). One important reason

for using FDB spindle motors is that they produce much lower
acoustic noise than the ball-bearing (BB) motors. However, the
requirement on the acoustic noise in HDDs is becoming more
and more strict, which gives new challenges to the design, drive
and applications of the FDB spindle motors.

The sources of acoustic noises generated in the motor opera-
tion can be classified into four categories: mechanical, aerody-
namic, magnetic, and electronic [1]. In the FDB spindle motor,
the acoustic noise excited by the bearing is greatly reduced.
However, the stiffness of fluid bearing is low and the operation
of the rotor is easily affected by the magnetic forces acting on it.
Therefore, to study the acoustic noise in FDB motor, the effect
of EM force must be considered. Fortunately, without the pres-
ence of ball bearing, the acoustic noise in FDB motors caused
by EM forces can be easily disclosed.

Three kinds of magnetic forces act on the rotor and the stator:
unbalanced magnetic pull (UMP), tangential forces and axial
forces [2]–[4]. The UMP and axial forces are caused by the
motor structure, and the motor assembly [5], which will not be
discussed further in this paper.

When a motor is driven by different modes, it produces dif-
ferent torque ripples with different frequency spectrums, and
thus different acoustic noises. In this paper, a comparative study
of acoustic noise generated in the FDB spindle motors driven in
BLDC modeandPMSM modeis presented. The research result
shows that the acoustic noise produced in FDB operation can be
reduced significantly using the PMSM mode.
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Fig. 1. Measured three phase back EMF.

II. TORQUERIPPLESPRODUCED IN THEPERMANENT MAGNET

FDB SPINDLE MOTOR

There are several ways to express the torque developed in the
permanent magnet spindle motor [6], [7]. To investigate the in-
fluence of drive modes on acoustic noise, the electrical formu-
lation is more appropriate. For the three-phase spindle motor
operated in constant speed, neglecting the cogging torque, the
electromagnetic torque can be expressed as

(1)

The currents and back EMFs can be decomposed in Fourier
series as

(2)

(3)

Substituting (2) and (3) into (1), the torque expression is

(4)

where

(5)

In the symmetric three-phase system, (5) can be written as

(6)

where if ,

(7)

0018-9464/03$17.00 © 2003 IEEE

Authorized licensed use limited to: University of Shanghai For Science and Technology. Downloaded on July 13,2020 at 11:55:40 UTC from IEEE Xplore.  Restrictions apply. 



3278 IEEE TRANSACTIONS ON MAGNETICS, VOL. 39, NO. 5, SEPTEMBER 2003

Fig. 2. FFT result of the back EMF developed in the motor.

Fig. 3. (a) Phase voltage and (b) phase current in BLDC mode.

if ,

(8)

otherwise

(9)

However, if asymmetry exists in the three-phase spindle
motor, (4) will be the final expression of instant electromagnetic
torque, where all possible harmonic orders and
exist. Equation (5), (7), (8), and (9) show that the reaction
between the kth order phase current and vth order back EMF
has the following characteristics.

1) The developed torque component is constant which does
not produce acoustic noise, if and only if the order of a
current harmonic is the same as the order of a back EMF
harmonic.

2) If the order of a current harmonic is different from that of a
back EMF harmonic, the torque component will be either
zero or time-varying, and such a time-varying torque will
be one of the sources of acoustic noise.

III. CURRENT ANDBACK EMF HARMONIC IN THE PM SPINDLE

MOTOR UNDER TEST IN TWO MODES

The back EMF in the PM spindle motor is close to sinusoidal
wave, as shown in Fig. 1. The FFT analysis shows that some
harmonics exist in the back EMF, shown in Fig. 2.

To get rotor position without sensors, the most commonly
used method in HDD industry is to energize two phases only
and measure the third phase back EMF to get position informa-
tion. This mode is namedBLDC modein this paper. The phase
voltage and current in this mode is depicted in Fig. 3. FFT anal-
ysis of the current is shown in Fig. 4.

Fig. 4. FFT result of drive current in BLDC mode.

Fig. 5. (a) Phase voltage and (b) phase current in PMSM mode.

Fig. 6. FFT result of drive current in PMSM mode.

Another drive mode is studied in this paper, in which all three
phases are conducting, and it is namedPMSM mode. SPWM
inverter is employed in this mode with the PWM frequency of
20 KHz. The measured phase voltage and current is illustrated
in Fig. 5. FFT result of the corresponding current in this mode
is shown in Fig. 6.

IV. A COUSTICNOISE TEST RESULTS

A drive system was built to drive the spindle motor in the
BLDC mode and PMSM mode respectively, and measured the
acoustic noises generated in the motor operation. Fig. 7(a) and
(b) show the acoustic noise test results for these two modes.

Comparing Fig. 7(a) with 7(b), it is clear that changing the
drive mode can change the acoustic noise of FDB spindle motor
obviously. The acoustic noise level is much lower in PMSM
mode than in BLDC mode with 3.4 dB less.

To show the effect of drive modes on the acoustic noise
clearer, waterfall test of the acoustic noise was performed
at different rotating speeds in the two modes. The results
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(a)

(b)

Fig. 7. Acoustic noises produced in a 8-pole/12-slot PM spindle
motor at the speed 10 000 rpm. (a) in BLDC mode and acoustic level
(A): 29:8 db=20:0 �Pa. (b) in PMSM mode and acoustic level (A):
26:4 db=20:0 �Pa.

(a)

(b)

Fig. 8. Acoustic noise waterfall test result (a) in BLDC mode (b) in PMSM
mode.

are shown in Fig. 8(a) and (b). The relationship between the
acoustic noise dominant frequencies and the spindle motor
rotating speeds in both modes are clearly depicted.

It can be seen from these two figures that acoustic noise is in-
troduced at some frequency points around 20 kHz in the PMSM
mode because of the use of PWM. We can move these noises
to inaudible frequency range by setting a suitable switching fre-
quency. For the frequencies 12.5 kHz and 12.9 kHz, they are
obviously caused by the mechanical resonance of the motor
parts. These noise parts can be reduced by modifying the motor
structure.

Although the effect is obvious for FDB motors, it is not the
same case for ball bearing (BB) spindle motors. Fig. 9 shows

(a)

(b)

Fig. 9. Acoustic noises produced by the BB spindle motor at the speed
5,400 rpm. (a) BLDC mode and acoustic level (A):46:5 db=20:0 �Pa.
(b) PMSM mode and acoustic level (A):44:9 db=20:0 �Pa.

the acoustic noise of a BB spindle motor driven by BLDC mode
and PMSM mode separately. The test results show again that
acoustic noise of the BB motor is not sensitive to the drive
modes, i.e., is not sensitive to the torque ripples.

V. CONCLUSION

In this paper, the relationship between the harmonics of
acoustic noise and harmonic torques is analyzed. The acoustic
noise of FDB spindle motors is sensitive to the EM forces as
the noise caused by the bearing is much smaller than the normal
motors. The use of the PMSM drive mode is an effective
way to reduce it. Both the theoretical analysis and the test
results show the effectiveness of such drive mode. As this is
an electronic method that does not rely on the mechanical
processing, the method is easily applied to the motors used in
hard disk drives, and other electronic products. As the spin
speed in HDDs increases, and some new bearing technologies,
such as aerodynamic bearings and active magnetic bearings,
may also be used in future. In these cases, the effectiveness of
the method proposed to reduce the acoustic noise will be more
significant as the noise ratio caused by the mechanical sources
will be further reduced.
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