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Motion Control of Non-Contact Start/Stop Hard Disk Drive
Using Shape Memory Alloy Actuator
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Abstract

In this work, we propose a new type of HDD suspension featuring shape memory alloy (SMA) actuator in
order to prevent the contact between the slider and disk. The principal design parameters are obtained from
the modal analysis using finite element analysis, and then the dynamic model is established to formulate the
control scheme for Non-Contact Start/Stop mode drive. Subsequently, a robust H_ control algorithm is

designed by integrating experimentally-obtained SMA actuator dynamics to the proposed HDD suspension
system. The controller is empirically realized and control results for the load/unload profiles are presented in
time domain. In addition, the contact signal between the slider and disk is measured by the electrical

resistance method.
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Fig. 1 Configuration of the proposed HDD suspension

Table 1 Material and geometrical properties of the HGA and SMA actuator

Property Material MOle?ll:l E%SPH) Density(kg/m’) Pori::i%n’s Thickness(mm)
Load beam Stainless steel 193 7,890 032 0.076
HGA | Bending region | Stainless steel 193 7,890 0.32 0.04
Flexure Stainless steel 193 7,890 0.32 0.0381
Slider ALO;-TiC 393 2,220 0.23
Diameter Length Density Transition Young's Modulus(GPa) Maximum
SMA (mm) (mm) (kg/m’) Tem(gccl:?ture Austenite Martensite P‘ﬂ} I\fl()) rce
phase phase
0.0762 8.2 6,450 90 83 29 0.784
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Table 2 Natural frequencies of the suspension
(free unloaded case)

Natural Frequency (Hz)

Mode

without SMA With SMA

1¥ bending (cantilever) 182.68 190.78
2" bending 2,535.2 2,533.5
1¥ torsion 2,744.9 1 2,745.2
sway 6,374.9 6,375.3
3" bending 6,557.2 6,554.9
2™ torsion 8,172.5 8,172.6

Fig. 3 Dynamic model of the proposed HGA
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Fig. 4 Dynamic characteristics of the SMA actuator
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