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Abstract-- Both symmetric and asymmetric
armature windings are applied in the spindle
motors used in hard disk drives. Consider the
influence of the drive current in the windings,
the analysis to the unbalanced-magnetic-pull
(UMP) generated in the motor becomes more
difficult. Besides the intrinsic and extrinsic
components, the additional UMP can also
induced by the current, and the UMP could
thus be serious. This paper analyzes this
phenomenon, and presents a model which can
describe clearly the influence of the drive
current to the UMP. For verifying the
effectiveness of the analytic —method
proposed, several spindle motors are
analyzed, and compared with the results
obtained by using FE method. The comparing
proves the effectiveness of the UMP model
presented.

Index Terms—acoustic noise, armature winding,
drive current, magnetic field, spindle motor,
unbalanced magnetic pull

I INTRODUCTION

The spindle motors used in hard disk drive
(HDD) are 3-phase, and could use symmetric
windings, or asymmetric windings in the
motor. The motors are driven by BLDC drive
mode, i.e., one electric drive cycle is formed
by six steps, and every time only two phase
winding have current. In normally, for the
symmetric armature, the field produced by
the current in the windings is always
symmetric in the space, and the lowest order
of the field harmonic in the space domain is
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same as the magnetic pole-pair of the moor.
Fig. 1 shows one example of the motor with
symmetric windings. As the magnetic pole-
pair of the spindle motors are not less than 3,
the lowest order of the field harmonic
produced by the symmetric winding is higher
then one.

Fig. 1 the field produced by the armature windings in a 9-
slot/3-pp spindle motor

However, some motors are using
asymmetric windings, and the typical one is
the motor with 9 stator slots and 4 magnetic
pole-pairs, and Fig. 2 shows its winding
arrangement.
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Fig. 2 EM structure of a 9-slot/4-pp spindle motor

The field produced by this kind of
asymmetric windings is shown Fig. 3. It is
clear, though the magnetic pole-pair of the
motor is 4, but the lowest order of the field
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harmonic in the space is one. The field
produced by the winding is asymmetric in the
space.
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Fig. 3 the field produced by the armature windings in a 9-
slot/4-pp spindle motor

I UMP INDUCED BY THE DRIVE CURRENT
The magnetic-circuit analysis method is
used to analyze the magnetic field of the
PMSM. In the airgap of the motor, the
magnetic-motive-force (MMF) generated by
the PM ring on the rotor can be described by,

F(6)= Z o S[(2n=1) p(6+ )]
) (D
Z s SI[(2n=1) p(6+ Q)]

where, 6 is the rotor position, p is the pole-
pair of the PM ring, a is the position
difference to a static reference point. The
UMP produced by the rotor magnet can be
expressed as

P(a,0)=P ()+ P, (a,0), 2)
where, the substrate / means the intrinsic and
E means extrinsic.

As the order of fundamental field
harmonic produced by the drive current could
be one, the MMF of the drive current can be
expressed as

F(6,)=) F,Sinln6+(-1)"e]
n=1

) (3)
= "F, Sin[nf+(-1)" Q]

The UMP produced in the motor can be
expressed as

V,hR

P(a,0)=

P 5= VOhR

j {[F,(6,0)+F.(8.0)]A, (6,2, 5) - Sin(8)d6
(€]

j {[F(8.0)+F,(8.a)A,(6.2.0) - Cos(6)d |

Analysis shows that, the existence of the
low order field harmonics is also one source
inducing the UMP, and the UMP of the
spindle motors with asymmetric windings are
more sensitive to the drive current than the
symmetric one, and Fig. 4 and Fig. 5 show
the UMP variation of the 9-slot/4-pp motor
with and without drive current.
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Fig. 4 the UMP produced in the 9-slot/4-pp spindle motor
without drive current (eccentricity is 0.05 mm)
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Fig. 5 the UMP produced in the 9-slot/4-pp spindle motor with
rated drive current (eccentricity is 0.05 mm)

1. CONCLUSION

The drive current is also the source of
UMP in the spindle motor operation, and it
may induce serious UMP if the EM structure
of the motor is not suitable. The paper
presents an effective method for analyzing
this kind of UMP, and introduces also some
measures to reduce the UMP induced by the
drive current.
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