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PZT

AF-ESPI

This study utilizes AF-ESPI and LDV
to measure the natura frequencies and mode
shapes of a vibrating piezoelectric laminated
plate. These two optical techniques are full
field and pointwise displacement
measurement, respectively. In  AF-ESPI
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system, both the natural frequencies and
mode shapes of the vibrating piezoelectric
laminated plate can be obtained. In the LDV
system, a built-in dynamic signal analyzer
(DSA) can provide the piezoelectric plate
with the swept-sine excitation signal whose
range and gain are set by the DSA software,
it can result in corresponding peak in the
bode plot at natural frequencies. From the
frequency response curve, the natura
frequencies are thus acquired. Beside the two
optical methods, a commercially available
finite element analysis software can provide
the numerical simulation for comparison with
the experimental results.

Sensor actuator



1 (

0/90/0/90/PIC-151/90/0/90/0,70mm” 25mm’

2.1mm)

163°C  0.34 MPa
1-6°C
40 66°C

2,3 34
A

FEM

LDV AF-ESPI

AF-ESPI
AF-ESPI

LDV

LDV

(@

(b)

[1-14]

Labview

4

LDV AF-ESPI FEM

AF-ESPI

AF-ESPI LDV

3M

(element)



(ESPI)

AF-ESPI

AF-ESPI LDV

(1) AF-ESPI

(2) LDV DSA

3 FEM

AF-ESPI LDV

[1]Butters, J. N. and Leendertz, J. A,
"Speckle Pattern  and  Holographic
Techniques in Engineering Metrology",
Optical and Laser Technology, 4, 349-354
(1971).

[2]Creath, K. and Slettemoen, G. A.,
"Vibration-observation Techniques for
Digital Speckle-pattern Interferometry”, J.
Opt. Soc. Am. (A), 2(10), 1629-1636
(1985).

[3]Jones, R. and Wykes, C., Holographic and
Speckle  Interferometry,  Cambridge

University Press (1989).

[4]Koyuncu, B., "The Investigation of High
Frequency Vibration Modes of PZT-4
Transducers Using ESPI Techniques with
Reference  Beam Modulation,” Opt.
Lasers Eng., 1, 37-49 (1980).

[S]Lfkberg, O. J., "Mapping of In-plane
Vibration Modes by Electronic Speckle
Pattern Interferometry” , Opt. Eng., 24(2),
356-359 (1985).

[6]Leissa, A. W., Vibration of Plates, NASA
SP-160 (1969).

[7]Deobald, L.R. and Gibson, R. F,
"Determination of Elastic Constants of
Orthotropic  Plates by a Moda
Anaysis/Rayleigh  Ritz  Technique,”
Journal of Sound and Vibration, 124(2),
269-283 (1988).

[8]Eer Nisse, E.P, "Variationa Method for
Electroelastic Vibration Analysis," IEEE
Trans. Sonics and Ultrason., SU-14(4),
153-160 (1967).

[9]Hibbit, Karlsson and Sorensen, Inc.,
ABAQUS User's Manua, version 5.6
(1995).

[10]Holland, R., "Contour Extensional
Resonant Properties of Rectangular
Piezoelectric Plates,” IEEE Trans. Sonics
and Ultrason., SU-15(2), 97-105 (1968).

[11]Holland, R., "Resonant Properties of
Piezoelectric Ceramics Rectangular
Parallelepipeds,” J. Acoust. Soc. Am.,
43(5), 988-997 (1968).

[12]Chih-Kung Lee and Giin-Yuan Wu,
“High performance doppler
interferometer for advanced optical
storage system,” Japanese Journal of
Applied Physics,38(3B), 1730-1741
(1999).

[13] B. K. A. Ngoi, K. Venkatakrishnan, and
B. Tan, “Laser scanning heterodyne
interferometer for micro-components,”
Optics Communication, 173, 291-301,
(2000).

[14] O. Nishizawa, T. Satoh, and X. Le,
“Detection of shear wave in ultrasonic
range by a laser Doppler vibrometer,”
Review of Scientific Instruments, vol.
69(3), 2572-2573, (1998).



Top part [0/90/0/90)] laminate (0.92 mim)

PIC-151 plate (0.26 mm)

Bottom part [0/90/0/90] laminate (0.92 mm)

AF-ESPI

AF-ESPI

Magnitude Ratio (in log scale)

BS PBS1 Mirror
Laser
QWR gagy Lens1
Photodiode
PD1, PD3 NPBS PBS2
Photodiode
PD2 , PD4
Specimen
3
1.500 1210

Beginning frequency=10 Hz
Ending frequency=12010 Hz

10 2010 4010Frequ;:1.0cy (HZ;DID 10010 12010
4
AF-ESPI FEM LDV
(H2) (H2) (H2)
1349.9
1529.7
Mode 2 1510 (_ 1. 30) 1530
Mode2*| 2132 | 2170
3396.1
Mode 3 3333 (_189) --------
Mode3*| 4270 | 4250
3690.1
5930.2




7143.3

Mode6 | 7105 | (5 | 7130
9355.1

Mode7 | 8509 | (g9qs | 8730
10470.0
10847.0

Mode9 | 9373 9690

(-15.73)




	page1
	page2
	page3
	page4
	page5
	page6

