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ABSTRACT

In this paper, vibration suppression of a CD-ROM main base with piezoelectric shunt circuit is studied.
Admittance is introduced to predict the performance of piezoelectric shunt damping. Numerical admittance
obtained by commercial finite element code, ANSYS, correlates well with experimentally measured one. Multi-
mode piezoelectric shunt damping is realized based on the target mode and frequencies obtained by the
admittance analysis. Experimental results prove that admittance of the piezoelectric structure is capable of
predicting the performance of piezoelectric shunt damping and the vibration of the main base with the

piezoelectric patches is reduced effectively.
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Fig. 2 Finite element model of the CD-ROM main base
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Fig. 3 Selected finite element modal analysis results of
the main base

Table 1 Natural frequencies between F.E. modal analysis
and experimental results

Finite Element Method Experiment
Mode Frequency (Hz) Frequency (Hz)
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Fig. 5 Selected finite element modal analysis results of
the main base with piezoelectric patches
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Table 2 Admittance comparison between F. E. M. and
experiment by poling direction

Experiment F.EM.
Poling Freq. Admit. Freq. | Admit.
Direction | (Hz) (™M (Hz) )
316 1.66E-04 300 : 1.47E-04
Case 1 383 2.00E-04 368 | 1.78E-04
533 2.73E-04 | 572 | 2.69E-04
314 8.19E-05 300 | 4.81E-05
Case 2 382 9.98E-05 368 : 5.97E-05
533 1.39E-04 572 | 9.20E-05
33 @A uiQl wlolzo MNF4A A
Jdoeldz A4S Fakel g AR A7
We AARAT 24 Jbs FRFE e g9
ooolAl 5 WE 1 2 dd A5 HE JEE
ddstl WFo=z 4 e 4Fe +HE
A F2E 3 32 of Fig. 7 & A3

Accelerometer

Excitation PZT  Shunt PZT

Acceleration Amp.

[c]us
avii=
0o oo
FFT 2 : Circuit]

Oscilloscope

Shunt Circuit| ?

s N ) s

" T 00

Q00O «=0

SEEEe
DC Power Supply

Impedance Analyzer

Fig. 7 Schematic diagram of the main base shunt
performance test apparatus

.

204 Shunt Circuit OFF

+-~-- 8hunt Circuit ON

Magnitude (dB)

200 300 400 500 000
Frequency (Hz)

3.0010°

20x0°

1.0x10°

Displacement (mm)

1.0x10*
-2.0x10°*

-3.0x10° T T T v T 1
0.2 0.4 08 08 10 12 1.4

Time (sec)

Fig. 8 Frequency and time responses of piezoelectric
shunt damping at mode 1

oEnEA Moz dEH A Fs Fo
2 M9 Rz dig Hwed Hojxe #A A%
Fug SFT At e E9& Fig. 8% 9
et dSE 2 Y FaoA EF
6dB o #4 AIAE Rolia YS&

Zt Fago) A Ajglel wE wige] W3
W AMA 724 F34 3130z A= 26.2 mo
Aol 14.2 mE A 2 FHAS 17.1 m

239



AT + . FF A4E FFo] obd AA
0.D.D.9 T54& st #H4 FisE 2F
st b AMEY HH 7F HA R JH 2
gdu AF 52 o=vdx sHos AR s V]
£ 0.D.D 9 AF/ £%< EE 0.D.D.7} ¥XH
E AR AF /25 BARE FHAANE AT
7t slatetor & Fojrt.

Magnitude (dB)
3 B 8
/g

’ \
-104 (
204 | ——Shunt Gircukt OFF
- -~ Shunt Circuit ON

200 20 ) 500 00
Frequency (Hz)

Displacement (mm)

T T T T — 1
o4 o6 o8 10 12 AR

Time (sec)
Fig. 9 Frequency and time responses of piezoelectric
shunt damping at mode 3

4. & B
B APy ¢H HEE o]€3F CD-ROM
el dlojxe F FHE dAFIAC. 4A
#H e g dFsr] A8 GATFZEY o
cojAE £Y34th CD-ROM H ¢l Hio] A9
TEAE gyl 98 fdeady d¥S

ot 2g A £ agn 2y
Mo Zlz=HA ¢A AFEE Eoli CD-ROM
Wl wjol29 A7-71AAYU EAE oj=vdl
2 Mg Bt FIth oj=weast A
HME A% bXe %S 3oz AES
Roo, 31 HEINZE o]l YALYHE
TR dH T4 AP Filo oj=wd
27} ¢4 HMEY AHF5E A5 §+ d2e &
Askch =3, gA AEsr Wl wolag
T8 ARHoE ¢ F d& TEIAUG.
uziA] ¢4 HEE o] 8 3% CD-ROM =&
ol AT g ARHoR FHANE F J&&
& 4 U}k A, dH FEREQ oj=vy

2ot HE Ao A4 ¢34 aAe =2
A Rk, & 4d HE e 3488
olmwldl2o A71E F8l H am o JAFo]
AHA=AY F24 BAE F4HA Fe
weba, o2 ojEn"AE o] §dto} ME A
T 993 458 & JE 47 FI3HA
of gt}

7|

o

2 A7 dAdista JrRAZ7 7 dTAE
o8

o Qo2 oFoiRon olo) A =gy,
k=R

[1] S.H. Chang, H.S. Kim, J.K. Choi, D.G. Lee, 1998, “A
Study on the Design of Vibration Damper for High
Speed CD-ROM Dirive,” Journal (A) of Korean Society
Mechanical Engineering Vol. 22, pp. 939-952.

[2] N.W. Kim, K.W. Kim, G. Hong, M.C. Chung, W.Y.
Kim, 1999, “An Anti-vibration Design of a Slim Type
Optical Disk Drive,” Journal of Korean Society Noise
and Vibration Engineering Vol. 9, pp 324-330.

{31 J. Lee, W.K. Van Moorhen, 1996, “Analytical and
Experimental Analysis of a Self-Compensating Dynamic
Balancer in a Rotating Mechanism,” ASME Journal of
Dynamic System, Measurements, and Control Vol. 118,
pp. 468-475.

{4] S.C. Lim, J.S. Park, S.B. Choi, Y.P. Park, 2001,
“Vibration Control of a CD-ROM Feeding System Using
Electro-Rheological Mounts,” Jowrnal of Intelligent
Material Systems and Structures Vol. 12, pp. 629-637.

[5] J.S. Park, S.C. Lim, S.B. Choi, J.H. Kim, Y.P. Park,
2004, “Vibration Reduction of a CD-ROM Drive Base
Using a Piezoelectric Shunt Circuit,” Journal of Sound
and Vibration Vol. 269, pp. 1111-1118.

[6] N.W. Hagood, A. Von Flotow, 1991, “Damping of
Structural Vibrations with Piezoelectric Materials and
Passive Electrical Networks,” Journal of Sound and
Vibration Vol. 146, pp. 243-268.

[71 H. Asheley, D.L. Edberg, 1985, “On the Virtues and
Prospects for Passive Damping in Large Space
Structures,” Air Force Damping Worksop II.

[8] J.J. Holikamp, 1994, “Multimodal Passive Vibration
Suppression with Piezoelectric Materials and Resonant
Shunts,” Journal of Intelligent Material Systems and
Structures Vol. 5, pp. 49-57.

[91 J. Kim, Y. H. Ryu, S. B. Choi, 2000, “New Shunting
Parameter Tuning Method for Piezoelectric Damping
Based on Measured Electrical Impedance,” Smart
Materials and Systems Vol. 9, pp. 868-877.

[10] G.A. Lesieutre, 1998, “Vibration Damping and
Control Using Shunted Piezoelectric Materials,” The
Shock and Vibration Digest Vol. 30, pp. 187-195.

240



