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Dynamic Characterizations of a Piezoelectric Microactuator

in Hard Disk Drive

Cheol-Soon Kim and Kyu-Yong Kim

ABSTRACT

To provide model parameters for servo control system design, dynamic characteristics of a piezoelectric
microactuator for hard disk drive(HDD) were investigated. At first frequency response characteristics was
measured and a second order model was proposed. Here the amplitude dependent dynamic characteristics
such as low frequency gain and damping ratio were studied. In addition, the load current and equivalent

impedance of the piezoelectric actuator were measured by varying excitation voltage and frequency. At

last, the super-harmonic resonance of the piezoelectric actuator was discussed.

1. 4 E

19903 o|F dl=trjAAcgto|B (HDD)S &
ZFo W 7| E Y E(areal density)oll olA vid 60%
o] MAEL Holo nfAH LFg AFser
71 1998 d o) F ol d 100%2 ZHel 7|22 x
Z7He S Bolm Uti]. o8 7EYE FIt
FAde diolee] MU= (bit density)®] F7F} o}g
E{ E @D S (track density)?] F7F7F T3 9

staict @Al 3572712 HDD o} A% Em‘
E7} 35,000 TPI(track per inch)& dolA i low
2001 Aol & 50,000 TPIS] o] & o= %17410!1141“
Agsts Aot o] B9 EREL 05um 7t HHY
ol W FH=9 YAAo] HLEE 0.05pum 7HA
8349 Aoz dFgd. oo wa 71E9Y VCM
(voice coil motor) ©o|8% HDD HAUFZFOo=ZE
goz gFHE Aol FLTro dAdd oHFol
g ez d&sln dxzceolE gAldAe
St A & (piezoelectric) A FollolE] £ A7z o
Foll o) El (microactuator) & ©] &3 2% AFololg
o] Jg2-4] 2 olE Aoyl 9 AL nYF
of thet A7 €23 A= Achs-7].

2% AFoolelo ARLE V& VCM FF
717} 7123 Qe Ao} R34 di9 % A#HS

* AYY TRV Y YA 2gY
»* AT HrIed UL

FE57 A3 WHoezy B3AA sMERY B
€ 292024 & Aol oY F(bandwidthyE T
el Yxolg] £F9 Ao AYRE FHI=
g Atk 28 12 VCM € Ay dFoolg =
FA" 2 A& 717 HDD o A=A 7
ot} 2 & dFololg 9 F32 VCM o] vluy A
Fa4 o] i 9(coarse position) S THF
sln gAY AFoojele nFIde HY ¢
] A}oi(nano precision contro)E 3}, oleg 29
Hojzlel T2E VCM A Fof ol & ALl A&
AL + gt 52 Ao Ad: ¢ gHEL sy
7] s BAHA 842 A Q451 Utk

Dual Stage I Coarse Motion Fine Motion
Servo System [ by VoM ,A: + by Microactuator

\

Microactuator

Fig.1 Schematics of a disk drive with dual stage servo
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Fig. 2 Photography of a piezoelectric actuator
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Fig. 3 Experimental setup for microactuator test
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Fig. 4 FRF plot by frequency sweeping.

Table 1. Summary of gain and damping ratio.

Excitation voltage 5V 10V | 20V { 30V
Displ. gain [nm/V] | 25.0 | 26.0 | 28.3 | 304
Approx. damping ratio| 0.015 | 0.030 | 0.056 | 0.076
10000 ey
§ 100
10
100 1000 10000
Fraquancy [Hz)

Fig. 5 FRF plot by random excitation.
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Fig. 6 Measured current depending on input voltage.
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Fig. 7 Equivalent impedance of the piezo actuator.
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Fig. 8 Orbital responses of the piezoelectric
microactuator with 20V sine wave excitation.
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Fig. 9 Spectrum of the measured response at 2.03kHz.
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