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A Study of Measurement of In—plane Displacement

by CW Laser Speckle Photography and Image Processing

K. S. Kim, G. D. Na, T. H. Kim and N. K. Chung, C. W. Kim

Abstract This paper presents experimental results which explore the capability of a CW laser speckle

photography for the measurement of in— plane displacement at high temperature. The serious restrictions

on the application of the method seem to be the ambient air turbulence and the change of surface

texture caused by the oxidation, as they tend to decorrelate the double exposured speckle patterns.

In order to assess only the effect of air turbulence, a ceramics—coated stainless steel plate is heated

in air and Ar—laser specklegrams are made with combination of temperature and lateral translation

displacement. The slight reduction in visibility of Young's fringes is observed at 1000C.The analyses

of Young’s fringes are carried out by a image processing system using a TV—camera and computers,

and the result agrees well with the micrometer reading. Futhermore, uncoated stainless steel and Hastelloy

X plates are tested and the effect of oxidation is also evaluated. The experimental results demonstrate

that a CW laser speckle photography is applicable at temperatures up to 1000T_
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ble slit speckles.
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Table 1. Chemical composition(wt. %) for STS 430

STS 430 Chemical Composition(wt. %)
C Si | Mn P S Ni Cr Fe
0.12 | 0.75 | 1.00 | 0.040 | 0.030 | 0.60 | 18.00 | 79.46

Table 2. Chemical composition{wt.%) for Hastel-
loy-x

Hastelloy-x Chemical Composition(wt %).
CiCr |W|MolMn|Si}{ P1{ S |B |La|Fe | Ni|Co

0.06 12129 [ 0.53 [ 8.81 | 0.36 | 0.17 1 0.006 {0.005 [ 0.001 | — |[18.12 [49.528 1.12

nsulating
plate

specimen

Fig. 2 A minute travelling experimental apparatus and

specimen.
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in elevated temperature testing.
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Fig. 6 Brightness distribution of Young’s fringe and
power spectrum in .case that displacement is

comparatively large.
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Table 3. Nominal coefficients of thermal expansion for 15C~17C, alloy in ASME data

ASME Boiler and Pressure vessel code Sec 8—2 data

T(‘Z‘C")pe'at“re 21.11 | 37.78 | 65.56 | 93.33 |121.11|148.89|176.67|204.44 | 232.22| 260 |287.78|315.56{343.33(371.11 |398.89|426.67
C;)fef’ ar

959 | 974 | 997 | 10.19 | 1039 | 10.58 | 10.78 | 1096 | 11.14 | 11.30 | 11.47 | 11.63 [ 11.77 | 1192 | 206 | 12.19
Thermal
Expansion

Table 4. Nominal coefficients of thermal expansion for STS430in Japanese steel corporation data

Japaness Steel Corporation Data (Danaka’s data)

‘Tg,::“)pe rature 500 | 208 | 427 | 5935 | 7325 | 677 | 4825 | 3745 | 458 | s66 | 319
Coef’
of

104 1128 | 12.186 | 13.89 1434 | 14.16 12.75 | 12173 | 1268 | 1328 | 1173
Thermal

Expansion

Table 5. Nominal coefficients of thermal expansion for SUS430 in Laser speckle photography data

Present Results

Temperature
(9]

Coef’
of

110 205 325 433 533 555 632 7285 796 861 902.5

1055 | 11.68 | 1208 | 1294 | 1343 | 13.07 | 1332 | 1546 | 1762 | 2059 | 21.56
Thermal

Expansion
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