£ 2000H%

. 917~224.

SMAZE7]¢ 94F HDD<Ee] ] 9

E4 9 Ao]

)

-1 L]
z!__j HL%A{—)} B}

* = % il
A, Hes&, gl

Dynamic Characteristics and Control of HDD Slider Integrated

with SMA Actuator

S.C. Lim, J. S. Park, C. ). Park, S. B. Choi and Y. P. Park

ABSTRACT

This paper proposes a new type of HDD suspension integrated with shape memory alloy (SMA)
actuator in order to prevent the friction between the slider and the disk. A finite element analysis is
undertaken to investigate modal characteristics of the proposed self loading/unloading slider. The
dynamic model is formulated and its validity is proved by comparing the predicted displacement
transmissibility with the measured one. A control model is then established by integrating
experimentally-obtained SMA actuator dynamics. Subsequently, a sliding mode controller is designed
to achieve non-contact start/stop (Non CSS) modes. and control results are presented in time domain.
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Fig. 1 Configuration of the self loading/unloading slider

Table.1 Modal analysis result for free unloaded

case (FEM)
Description { Conventional | without SMA with SMA
- -
1" bending 177.6 185.3 1716
(cantilever)
Slider pitch 1,160.9 1,015.8 1,012.2
Slider rotl 1,218.1 1,562.1 1,525.7
" 2% bending 2,309.7 23286 2,403.4
1* torsion 2,465.5 2,480.8 2,694.8
Table 2. Material properties of the HGA
load Bending .
Property beam region flexure Slider
. stainless | stainless | stainless | Al,O;-
Material steel steel steel TiC
Young’s
modulus(Gpa) 193 193 193 393
Density(kg/m’) | 7890 7890 7890 2220
Poisson’s ratio 0.32 0.32 0.32 0.23
Thickness(mm) 0.076 0.04 0.0381

Table.3 Material properties of the SMA actuator

Property Value
Diameter(mm) 0.0762
Length(mm) 8.20
Density(kg/m’) 6450
Transition temperature( 4 , ) 90°C
Young's Modulus(GPa)
Austenite phase Approx. 83
Martensite phase Approx. 28 to 41
Maximum pull force(N) 0.784
Resistance(Ohms/mm) Approx. 0.2
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Fig. 2 FEM analysis of the proposed self loading/
unloading slider
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Fig. 3 Operating principle of Non-CSS mode
using self loading/unloading slider
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Fig. 5 Characteristics of the SMA actuator
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Table. 4 Design parameters of the proposed HGA

Parameter Value Parameter Value
Mkg) 3.7265x10° 1 (m) 1.55104x1072
ch(kgm’) 7.7081x10°"° Ieg(m) 7.8937x103
kdNm/rady | 4.451x10° Ionga(mm) 8.2x10?
S 0.00417
@ 60+ — Measured
-~ ! 1 |-~ Simulated
= 40
2
”»
@ 20
E
[
€ o
[
’_
-20 L L

5‘0 180 1.’;0 2(;0 250 3(;0 35:0 400 450
Frequency(Hz)
Fig. 7 Displacement transmissibility of the
Conventional HGA
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