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A Study on Measurement of In-Plane Displacement using ESPI in
Mechanical Structure under torsional load
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Abstract

Recently, the mechanical structures applied to many industrial products, especially in  electronic
products, appear to be miniaturized and complicated. This trend makes it difficult to analyze the stress
distribution of those mechanical structures and generates new challenges for precise measurement of
strain. In order to solve this measurement problem many optical measurement techniques have been
suggested. Among those, the ESPI(Electronic Speckle Pattern Interferometry) has been considered as one
of the most useful tools. But the shortage of recognition and difficulties of measurement have limited
its industrial applications in spite of its excellent capabilities. Therefore in this study , not only the
verification of the FEA result but the enhancement of industrial application of ESPI was tried by
measuring the in-plane displacement of mechanical structure with ESPI, which is difficult to be
measured with strain gauge.
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Fig. 1 FE model of drum case

Table 1 Material properties

Items Values
Modulus of Elasticity 180.56Pa
Poisson's Ratio 0.3
Element Type Hexa
Ultmate stress 286.1MPa
Yield stress 150.4MPa
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Table 2 Specifications of measuring System

Specifications
DPSS CW Nd-YAG

Measuring system

Laser Max. Power : 500mW
CCD 752(H) X 582(V) pixel
Graphic board ATI 4MB
D/A-board CIA DDA 06
Frame grabber PCl image SG
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Fig. 3 Schematic diagram of the optical system

used in measurement
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Fig. 4 Top view of measuring system
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Fig. 6 In-plain displacement of simulations and

experiments
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Table 3 Comparison with simulations and
experiments

Torque Displacement(ym)
N'm | ESPI | FEM

Error(ym) | Rate(%)

98 0.65 0.824 0.174 | (26.77)
196 1.36 1.647 0.287 | (21.10)
294 2.19 2.470 0.28 (12.79)

392 3.11 3.300 0.19 (6.11)
490 3.93 4.160 0.23 (5.85)
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Simulations Experiments

DIGHACEMENT MMONIPICATION VACTOR «  1.00. 0
REFTARY FII& ~ 2r3 . BTZP 1 INCRRMENY 6

TIME COMPLETED IN THIS 8TRD  1.00 TOE .
ABACUS VERSION: 5,7~ = DAFR: 25-MAT-200%. TIMBs 101

11

Maximum value
Mintmum value ;

(d) 490 N - m

Fig. 7 The results of simulations and experiments - (a) 196N m, (b) 294N- m , (c) 392N m, (d) 490N
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Table 4 Strain of drum case

Torque(N « m) Strain
98 2.95x107
196 5.00x10?
294 7.50x 107
392 9.99x 107
490 12.5%107

Maximum value = 48.49 at node 9606

Minimum value = 4.2 Eitbmdl node

1 i g TED TIME .0
e oy

UL TIME: 08:09:32

ABAQUS VERSION: 5.7-1

Fig. 8 Stress distribution under torsional load
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