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A Study on the Measurement of Two-Dimensional In-Plane
Displacements of the Plate with a Circular Hole by ESPI Method

Kim Kyoung Suk, Choi Hyoung Chol, Yang Seung Pil, Kim Hyoung Soo,
M.S.Hong, W.K.Jung

ABSTRACT

This paper presents the performance and problems in analysis method and testing system of
Electronic Speckle Pattern Interferometry(ESPI)method, In measuring two-dimensional in-
plane displacement. The analysis result of measurement by ESPI is quite comparable to that
of measurement by strain gauge method. This implieds that the method of ESPI is a very
effective tool in non-contact two-dimensional in-plane strain analysis. But there is a
controversial point, measurement error. This error is discussed to be affected not by ESPI
method itself, but by its analysis scheme of the interference fringe, where the first-order
interpolation has been applied to the points of strain measured, Further development of
advanced first-order interpolation method is being undertaken for the more precise in-plane
strain measurement.

Key Words : ESPI (Electronic Speckle Pattern Interferometry), CW (%™, Two-Dimensional
In-Plane Displacement, Image Processor
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Fig. 1 Formation of subjective Speckle Pattern
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Fig. 2 The Basic Optical System of SPI
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A2 104 o8 4= 2 =
poe Fadte A & 4 YUk 7leA F=Zol
Wg 4ol pAfn = 1,2,3+)7) €0 4 #¥HE ¥
& gong, %Y 452 o, dold H4E Az 3
W, W9 uote WAL e ge oz g9
uzn,\/(zcosﬂ) ....................... (2_2)

T

A (2.2)9 vehd uist o], W uge oA
gt dolA Fe zAtztegld o8 ZFEGE A
& ¢ % gk

C. MAXa A8Z =H 7HdE (ESPI)

28 E He AW ESPHA TV Fvelet sdAg
ANE 2PANA WEE FAote YL AAAY 2~
HE gy ZH3¥ (ESPD olzta ¥tk Fig. 4& ESPI
A AE FAL et A4 E e e TV A
HH4E 4 & F=2 e A FFHM F
B8 o] FAHA vt 4, oW 27 3l
E EAY AHE HEL svigds B9de AT
F29 dR2eld ANGAZ, g BAV ¥EE &
T A2E A¥Z Hee] G e o]AL A
2% W2 71F8Th o] T g doletE &
Aoz 4y FRHE 4E U Ioh E fad
AFHE FANAZNE Aojsid, 4L 4L g
AL 1/30% =R, A9 HAA HE S5
Yo gade] 7Agsitt, odm, 9 34 dHolEE 7
23 Fd Contrast’} W& ERHe 7= 59 A¥

7b 4A "tk

Laser
Color TV Camera Beam N

Laser /

Specimen
Beam p

Image Processor
NEXUS QUBE

[

Personal Computer [:]
NEC PC 9801

Color Monitor

Fig. 4 Block Diagram of Image Processing System

3, AEEx ¥

o
113



CEERELLE

2 A4 S dolAE ol (An) Aol A=A
AGAE 514.5me) 31, AHEF] Htf £¥o] 200 mW
o @43 HolAolst, & AANE BGH, A4A 2
NGRS AGPE A A<,

A ZEHA A sliMA
1. #eA o] WA

351 -

A\ Mirror 1

Ar Lamer K Beam Splitter 1

Beam
Splitter 3
L

Beam
Splitter 2

TV Camera

% Mirror 5

Spatial Spatlal

Spatial
et {1 Frlhr 4

Filter 1 ]

Mirror 8

8pecimen

Fig. 5 Arrangement of the ESPI Optical System
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Fig. 7 The Dimension of Specimen and bonded
Location of Gauge
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Fig. 8 The Measured Area of Specimen
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Table 1 The Measuring Results of Plate with a Circular
Hole (Tensile Direction : Cl1 CGauge)

LOAD (N) ESPI (4 Gauge () ERROR (%)
71.44 54.52 50 9.04
91.53 70.33 66 6,56
109.85 86,19 80 7.13
128.18 100,87 94 7.31
146,51 111.95 105 6.61
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Fig. 15 The Measuring Results of Plate with a Cire-
ular Hole (Tensile Direction : C1 Gauge)

Table 2 The Measuring Results of Plate with a Cir-

cular Hole (Compressive Direction : C7
Gauge)

LOAD (N) ESFI (0 Gauge () ERROR (%)
106.23 -23.05 -22 4.77
124.55 -26.12 -25 4.48
144.64 -29.09 -28 3.89
162.97 -34,80 -32 8.75
183.16 -38.48 -3 4.00
203.25 -40.79 -39 4.58
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Fig.17 The Contour of Plate Specimen with a
Center Hole (Tensile Direction : 146.51 N)
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Fig, 18 The Strain Contour of Plate Specimen with a
Center Hole (Compressive Direction : 203.25
N)
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