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Suspension Dynamics of HDD for High Track Density
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Abstract

As track density needs to increase to the order of 10, 000 tpi, the suspension has become a
critical component in hard disk drives. One of the main obstacles to attain high track density is
the structural resonances of the suspension in lateral direction. We investigate the suspension
dynamics through the experimental modal analysis and the finite element method. An LDV (laser
Doppler vibrometer) is employed to measure the response of the suspension which is excited by
a shaker and an impulse hammer for the free condition and the loaded condition, respectively.
After comparing the experimental and numerical results, we study how the initial geometry of the
bend region affects the suspension dynamics. It is found that the natural frequency of the sway
mode decreases as the bend ratio and the bend angle increase. The shape of torsional mode

changes as the mass of a slider increases, resulting in a local decrease in the natural frequency.
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Fig. 4 Measured natural frequencies and mode shapes of a free suspension
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Table 1 Measured natural frequencies of tracking stiffness modes

Description Free case (Hz) Loaded case (Hz) Difference (%)
Bending 1 2419.1 2150 —11.1
Torsion 1 2609.6 2700 3.5
Bending 2 6591.9 5660 —14.1
Torsion 2 7629.0 8200 7.5
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Table 2 Material properties of suspension and slider
Material Young’s modulus (GPa) Density (kg/m?) Poisson’s ratio
Stainless steel 193 8020 0.32
A,20,-TiC 390 4200 0.23
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Sway (7320.61 Hz)
Fig. 8 Natural frequencies and mode shapes (FEM results)
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Table 3 Experimental and FEM analysis results for free unloaded case

Description Experiment (Hz) FEM (Hz) Difference (%)
Cantilever 179.6 172.8 0.10
Slider pitch 1011.8
Slider roll 1356.6 1321.1 —2.62
Bending 1 2419.1 2498.7 3.29
Torsion 1 2609.6 2379.7 —8.81
Bending 2 6591.9 7069.1 7.24
Sway 7124 .4 7320.6 2.75
Torsion 2 7629.0 7826.8 2.59
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—16.84
— 0.64
—10.32
— 6.26
— 4.17

Difference (%)

Loaded case (Hz)
2078.0
2364 .4
6339.4
6862.4
7500.8

Table 4 FEM analysis results

Free case (Hz)
2498.7
2379.7
7069.1
7320.6
7826.6

Description
Bending 1
Torsion 1
Bending 2

Sway
Torsion 2
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Fig. 11 Changes in resonant frequencies as a function
of bend region thickness
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