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_Dynamic Analysis of HDD Air Bearing Sliders

using the Mathematical Model of Actuator System

Soon Eog Kwon, No Yeol Park, Jun O Kim, and Tae Gun Jeong

ABSTRACT

We obtain the mathematical model of the hard disk drive actuator system from the system response
data of the finite element analysis or experimental results. System response data including the
dynamics of the considered system are expressed as the mathematical model. It allows the dynamic
analysis of the actuator system without resort to the repetitive finite element modeling work. Even

though the dynamic characteristics of the system are affected somewhat by

the structural

modification and the change of the dynamic properties, we can use the modified size and material
properties of the actuator system in the mathematical model to some extent. In this study, we
express the mathematical model of the simplified rectangular plate first and then proceed to the

actual hard disk drive actuator system.
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Fig. 1 Frequency response function of
rectangular plate by FEA

Table 1 Components of trial functions
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Fig. 2 Comparison between the FRFs of the
FEA and the mathematical model
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Fig. 3 Comparison between the FRFs of the
FEA and the mathematical model
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Fig. 4 Comparison between the FRFs of the
FEA and the mathematical model
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Table 3 Dominant elements at the resonances
Resonance .
Freq. (Hz) Dominant Element
Torsionl 2264 Suspension
bending 4416 Arm
Sway 5136 Suspension
Torsion2 7792 Suspension + Arm
bending 8824 Arm
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Table 4 Trial functions of the system model

Model | Natural Modes Trial
Mode Freq.(Hz) [ X(x)|Y(y)| Function
Torsion1 2264 Bl R |=X Y,
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Torsion2 7792 B2 | R [$=X; 1}
bending 8824 | Bl | B2 |¢5=X, Y,
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Fig. 7 Comparison between the FRFs of the
experiment and the mathematical model

Table 5 Coefficients determined by algorithm

Natural | Coefficient | Damping
Freq.(Hz) (a;) Coefficient
Torsionl 2264 124565.34 0.041
bending 4416 57962.84 0.032
Sway 5136 -8563.64 0.056
Torsion2 7792 -17197.97 0.01
bending 8824 3287.07 0.003
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Table 6 Mode coefficients at the resonances

Natural Freq.(Hz) | mode coefficient
Torsionl 2264 31.8780
bending 4416 7.9795
Sway 5136 72.3168
Torsion2 7792 12.4784
bending 8824 15.9445
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Table 7 Points of measurement and excitation
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Case Point (mm) Point (mm)
Case 1 8250, 12.35 19.08 . 11.69
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Fig. 8 FRFs of the mathematical model
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