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Applicability estimation of ESPI on the vibration mode analysis
of rectangular plate

AR AEA" 2YET(%) FET HAFTT

x  ZAGERE N ALAT LD
o ZAGEL e

rex BolAETS FREAY
wox B 508 FY7e %

Abstract

The electronic speckle pattern interferometry (ESPI) has been applied to many technical problems
such as deformation and displacement measurement, strain visualization and surface roughness
monitoring. In this study, we used an ESPI system based on the dual beam speckle interferometric
method in order to measure in-plane displacement and vibration mode using the ESPI technigue.
This research was carried out for the purpose of applying the vibration analysis method employing
Electro-Optic holographic interference technique to the vibration analysis of uniform rectangular
cantilever plate(SS400, STS304) with cantilever span to breadth ratio of 150 by 75. And thickness of
Imm and 0.8mm respectively. We improved the ESPI technique in order to obtain the distribution of
displacement component resolved in one direction through a CCD camera combined with an image
processing system. To certify and to assess the accuracy in measuring by this ESPI, the results
obtained with the speckle method and vibration mode analysis are to be compared with those results
by Warbuton’s Theoretical expression and vibration mode in FEM analysis.

Key words : Electronic Speckle Pattern Interferometry (ESPD), In-plane displacement, SS5S400,
STS304, Vibration mode analysis, Non-contact, Electro-Optic Holographic Interference,
Image Processing System, FEM Analysis
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Fig. 2.1 Shape of speckle pattern
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Fig. 2.2 Formation of subjective speckle pattern
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Fig. 2.3 Rectangular plate which is clamped along
one edge and free along three edges
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Table 1 Dimension of specimen
(g4 : mm)
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T a:b

= A EH XF|&FE
STS304

(t=0.8)
STS304
(t=1.0)
S$5400
(t=0.8)
SS400
(t=1.0)

130 x 50

130 x 50 100 x 50 2:1

Table 3.2 Properties of STS304 and S5400

ECIE28AAF) | v (Z459] H) p(RXE)
STS304 193GPa 0.3 8.0g/ctt
S5400 206GPa 0.28 7.85g/ctt
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Fig. 3.1 (a)and (b) respectively shows dimensions
and exciting points of rectangular plate for
vibration experiment
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Fig. 3.2 Experimental optical system layout
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Fig. 3.3 Block diagram of image processing
system for the measurement of out
of plane information
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Fig. 3.4 Exciting System used in experiment
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Table 4.1 Value of theoretical and FEM and

experimental eigen frequencies

STS304 (t=0.8mm)
Frequency (Hz)

Theoryl| FEM | EXP,
(fr) (fr) (fe)

66.57| 65.11| 645 2.19| 3.11
341.05| 280.53| 273.1{17.75|19.92
416.90; 405.97| 400.7| 2.62| 3.8
976.67| 914.33| 823.1| 6.38/15.72
1167.38/1140.10; 1150.0 | 2.34| 1.49
1461.10{1758.30{ 1700.0 120.34/16.35

Error (%)

MODE

frifr | f1:fe | frife

0.94
2.65
1.30
9.98
0.87
3.32
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Fig. 41 Comparing theoretical, FEM analysis
and experimental frequency
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Table 4.2 Value of theoretical and FEM
and experimental eigen frequencies

SS400 (t=0.8mm)
Frequency (Hz) Error (%)
MODETheory FEM | EXP. frofe | frofe | £
(fp) (fr) (fg) | TF|TIEIFIE
1 68.99| 67.68| 67.4) 1.90| 2.30| 0.41
2 358.27] 294.07) 280.117.92|21.82 4.75
3 432.06| 422.20| 416.3| 2.28| 3.65| 1.40
4 1023.95| 956.25| 855.7 | 6.61]16.43(10.52
5 [1209.84|1185.10( 1150.0| 2.04{ 4.95| 2.96
6 [1522.05]1830.80( 1780.0 120.29/16.95| 2.77
2000.00
1800.00 |
1600.00 | 4 qpoonm)
f 1400.00 ¢ —m— FEM(fF)
< 120000 | —e— EXP {fE)
51000.00 F
& 800.00 |
& 600.00 |
400.00
200.00 |
0.00
1 2 3 4 5 6
Mode

Fig. 42 Comparing theoretical, FEM analysis
and experimental frequency
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Fig. 43 Comparing fringe patterns of vibration
mode 2 (SS400, t=0.8mm)

(a) Experiment

(b) FEM analysis

Fig. 44 Comparing fringe pattermns of vibration
mode 4 (STS304, t=0.8mm)
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