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ABSTRACT

This paper presents the feasibility of the piezoelectric shunt damping for vibration suppression of the highly rotating HDD disk-
spindle system. A target vibration mode which restricts the recording density increment of the drive is determined by modal analysis
of the drive, and a piezoelectric bimorph is designed to suppress the vibration level of the target mode. After deriving the generalized
two-dimensional electromechanical coupling coefficient of the shunted spindle-disk system, the damping performance of the system
is predicted by simulating the displacement transmissibility on the target mode. After manufacturing the proposed drive, the vibration
suppression performance of the proposed methodology is experimentally evaluated in frequency domain.
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m,  Spindle-Disk System

Fig. 1 FE model of the HDD
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Table 1 Modal analysis results of the HDD using FEM

Frequency Deformation Ratio

Index (Hz) Major Vibration Mode (Disk/Structure)
Disk (0,1) Mode 7.95

1. 764.65 (Rocking Mode) (0.473/0.0595)
Disk (0,0) Mode 7.99

2. 906.72 (Axial Mode) (0.35/0.0438)

) 15.99

3. | 1,057.03 Disk (0,2) Mode (0.502/0.0314)
4 1,750.27 Base & C Torsion 033

. ,750. over Tors (0.0599/0.184)
) 16.04

5. 1,775.61 Disk(0,3) Mode (0.526/0.0328)
6 1.815.69 Base & Cover Torsion + 0.44

- -8 1. Spindle (0,0) Rocking Mode |  (0.0724/0.163)
Base & Cover Bending 0.17

7. | 2,023.12 Mode (0.0371/0.223)
8 2,210.68 Cover Bending Mode 032

. 210, nding (0.0621/0.1921)
Cover 1st Bending + 047

9. | 248436 Spindle (0,0) Mode (0.122/0.26)

Cover 2nd Bending + 0.55

10. | 261580 Spindle (0,0) Mode (0.0968/0.176)
Cover + Spindle(0,1) 0.39

1. | 279174 Rocking Mode (0.0932/0.239)
) 16.02

12. | 295239 Disk (0,4) Mode (0.556/0.0347)

(b) éxial (0,0) mode
Fig. 2 Vibration modes of the HDD system
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Fig. 3 Proposed PZT shunt damping of HDD
2 Hgd T, 4D FAPIARIE ol gsu
4R wpelzze] g o=rEx ¥, & osd
2ol 78 % glth
Y, =jo [2-C:(1—k;)—

2r dy, o'w,
sﬁ(lﬂv,,,,)'—é.— (h""+h’)f [ arzo

M
+l%}dr:|

r or

o qelq G e guawe 38 L e
Awel JABRALE Uehdd E@ v,
A vl AyFe guigth ol HEWY
of % B Y N2RY J=oWAS aA
gozH 2 1F ARESL 2& £ I 5,
B ARt R=yPuE vt Fig. 5 &
Zol YHUW @ Wol T A BIL FH}o]
9% YuRAHEIZ)) ddsgden, oy
= A9 oErEAE HUZE e AR

AY)

LN
-

pt

r
q

e o33 Zol & & Utk

aa’ Ka-b%) b -8 i(a® by

P = @

Ve

v

PZT material
(s4.d31)

Qo G\— Shaft ?115: lv?)e

Fig. 4 Configuration of the piezoelectric Bimorph
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Fig. 5 Proposed annular PZT plate
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Fig. 6 Displacement transmissibility of the drive
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Fig. 7 Target vibration mode of the proposed HDD
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Fig. 8 Photograph of the proposed piezoelectric shunt
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Fig. 9 Experimental results of the piezoelectric shunt
damping of HDD
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