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Analysis of Electromechanical — Coupled Field of the Spindle Motor
in Computer Hard Disk Drives

(Jung-Hwan Chang * Gun-Hee Jang)

Abstract - This paper presents a numerical method to analyze the electromechanical-coupled field in the spindle motor
of a computer hard disk drive and investigates dynamic response due to the electromechanical excitation, i.e. unbalanced
magnetic force and centrifugal force for the rotational symmetric and rotational asymmetric motor. Magnetic field is
calculated from Maxwells equation and voltage equation by introducing nonlinear time-dependent finite element analysis.
Mechanical motion of rotor is calculated by solving Newton-Euler equation. Electromechanical excitation and dynamic
response are characterized by analyzing the free response of a rotating rotor and Fourier analysis of the excitation force
and resulting vibration of a rotor. It shows that centrifugal force produces the unbalanced magnetic force even in the
rotational symmetric motor. It also shows that resonance produces quite considerable vibration even when the high
excitation frequency with small amplitude matches with the natural frequency of the spindle motor
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Fig. 1 Eccentric motion of a rotor
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Fig. 2 Spindle motor driven by voltage source inverter
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Fig. 3 Schematic diagram of a spindle motor
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Table. 1 Design specifications of analysis models

Quantity Value

Mass of rotor 15719%x10° kg

Bearing stiffness coefficient 202110 N/m

Polar moment of inertia 2306x10° kg - m?

Transverse moment of inertia 1.366X10° kg - m
Mass unbalance 1L1x10° kg -m
Residual flux density of PM 125 T

Air gap thickness 025 mm

Outer diameter of stator 1945 mm

Quter diameter of rotor 2335 mm
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