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Finite Element Analysis of Electromechanical Field of a Spindle Motor
in a Computer Hard Disk Drive Considering Speed Control
Using PWM and Mechanical Flexibility
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(Jung-Hwan Chang - Gun-Hee Jang)

Abstract - This paper presents a finite element analysis of the electromechanical field in the spindle motor of a
computer hard disk drive considering the speed control and mechanical flexibility. The driving circuit equation is
modified by considering the switching action of PWM inverter, and is coupled with the Maxwell equation to obtain the
nonlinear time-stepping finite element equation for the analysis of magnetic field. Magnetic force and torque are
calculated by the Maxwell stress tensor. Mechanical motion of a rotor is determined by a time-stepping finite element
method considering the flexibility of shaft, rotor and bearing. Both magnetic and mechanical finite element equations are
combined in the closed loop to control the speed using PWM. Simulation results are verified by the experiments, and

they are in good agreement with the experimental results.
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Table 1 Electromechanical specification of analysis model

Quantity Value
Input voltage 12 V
Resistance/phase 28 2
Residual flux density of PM 07 T
Thickness of PM 1.35 mm
PWM frequency 20,000 Hz
Air gap length 025 mm
Outer diameter of a rotor 33 mm
Outer diameter of a stator 217 mm
Rated speed 5400 »pm

Axial moment of inertia 2.306x10 % kg - m?

1.366x107° kg - m?
1685 g
07 V

Transverse moment of inertia

Mass of a rotor

Forward voltage of a diode
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Fig. 6 Finite element model for the electromechanical field
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