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ABSTRACT

The paper proposes a new sonic resonance test for a dynamic elastic constant measurement which is based on
time-average electronic speckle pattern interferometry(TA-ESPl)and Euler-Bernoulli equation. Previous measurement
technique of dynamic elastic constant has the limitation of application for thin film or polymer material because contact to
specimen affectstheresult. TA-ESPI has been devel oped as a non-contact optical measurement technique which can visuaize
resonance vibration mode shapes with whole-field. The maximum vibration amplitude at each vibration mode shapeisaclue
to find the resonance frequencies. The dynamic eastic constant of test material can be easily estimated from Euler-Bernoulli
equation using the measured resonance frequencies. The TA-ESPI dynamic elastic constant measurement techniqueis able to
give high accurate elastic modulus of materials through a simple experiment and analysis.

Key Words : TA-ESPI(Time Average Electronic Speckle Pattern Interferometery), (Dynamic Elastic
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Table 1 Natura vibration frequency of SCP1
1st Mode|2nd Mode| 3rd Mode|4th Mode

Frequency | ,oe77 | 122000 | 230.981 | 399.827

(Hz)
| P (S
I [ g
Fig. 2 Pure Copper Specimen
Exciting speaker ESPI sensor
E Fig. 4 Vibration Frequency of Foil Copper (t=100;%
awi
= L=
—
 E—
=
Function Generator Control PC~ NA:YAG laser ,
Fig. 3 Configuration of eastic modulus measurement TA-ESPI ’
system
3.
Nodal line
31 . Noddl line
270 nm (
(Pure Copper) Fail Fig. 2 12)
| , b, h 1 Hz
' . 1
0.1mm, 5mm , 2
30mm, 40mm, 50mm, 60mm, 70mm, 80mm, 90mm
4,
(TA-ESPI) Ettermeyer Fig 4 100
, Fig. 3 Nd:YAG TA-ESPI
Laser( : 532 nm), , 104(GPa)
(ANSYS)
(Function Generator) . 110(GPa)
Microphone
Euler-Bernoulli Beam )
3.2 10

TA-ESPI ,

916



6.348%, 8 5.068%, 10
5.356%, 12 4.629%
5%
95% , 14
1.09% 95%
Euler-Bernoulli
, 14
118.0
116.0 —
o 1140 // \\
9 112.0
o
» 110.0 L
3 108.0
f 106.0 \/.,//.
% 1040
Y 1020
100.0
98.0
L=30 L=40 L=50 L=60 L=70 L=80 L=90
Length (mm)

Fig. 5 Elastic Modulus of Foil Copper (t=100yx

Fig. 5
)
14
, Fig. 4
, 14
104~106
(GPe)
. ASTM
110~120(GPa)
TA-ESPI
14
104.6(GPa)
5.
Euler-Bernoulli Beam
TA-ESPI( )

Euler-Bernoulli Beam

917

4, Cloud, G.L.,

5. Hggmoen, K.,

(Pure Copper)

ASTM

, Euler-Bernoulli Beam (
10 )
14

TA-ESPI

1. Yi, CH., Bahk, SM., Kim, H.S., "Dynamic Elastic
Constants of Composite Material using Resonance
Frequencies, Euler and Timoshenko Beam Equation”,
Korea Journal of Material Research, Vol. 9, No.7,
pp. 670-674, 1999.

2. Leg, JC., Kim, Y.M., Lee, H.l., "Measurement of

dynamic elastic constants and their applications’,
Bulletin of the Korea Inst. of Met. & Mat., Vol. 10,
No. 3, pp. 259-269, 1997.

3. LK. Kim, K.S. Kim, SU. Yoon, K.S. Kang, "A

Study on Vibration Characteristic of Thin Plate in
Crack Propagation by Laser Holography Method"”,
J. of the Korean Society of Precision Engineering,
Vol. 17, No. 10, 2000.

Optical Methods of Engineering
Analysis, Cambridge University Press, Chapter 21,
1990.

Lekberg, O.J., "Detection and
measurement of small vibration using electronic
speckle pattern interferometry”, Applied Optics, No.
16, pp. 1869-1875, 1977.

6. Inman, D.J, Engineering Vibration, Prentice-Hall

Inc., 1994.



	Text29: 914
	Text31: 915
	Text32: 916
	Text33: 917


