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A study of strain measurement by continuous wave
Laser speckle photography

Kim Koung Suk,Kim Choong Won, Lee Seung Keon

ABSTRACT

Speckle photography is a simple non-contacting method for analysing surface
displacement. In its basic form, the object to be studied is illuminated with a beam
of laser light from any convenient direction, and a double exposure photography of
the surface recorded on the fine-grain film, the object is undergone the displacement
to be measured between exposures. Like this, it allows the strain field to be evaluated
in two dimensions. A direct experimental comparison of speckle photography with
theoretical value on a notched tensile test specimen showed that serious errors could,
however, occur due to local surface tilting and due to aberrations of the imaging lens.
Methods of minimising these effects and those of the speckle de-correlation which
occurs by the various conditios are discussed.
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A, Distance betwecnphotographic plate
and screcn,

B . Speckle displacement on the photo-
graphic plate

b ! Beam diameter.

Dnax : Maximum displacement at inner of

NOMENCLATURE

Fum : Minimum spacing of fringes at inner
of beam diameter.

Fn I Apcratureratio of Lens.

¥ > Focal lengith.

M > Magnification of photographic system.

N,  Maximum degree of Young's fringe.

beam diameter n . Visible fringe number,

Dnin > Minimum displacement at inner of n, . Visible fringe number in rigid body
beam diameter. translation testing.

D . Lateral displacement of the object A . Wavelength of Laser.
surface. o . Speckle size.

F . Spacing of fringes. on . Individual speckle diamecter.

F’ ! Spacing of fringes in picture cell € . Normal strain.
plane.

Frax - Maximum spacing of fringes at inner
of beam diameter.
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Fig.1 Relationship between specklesize and
visibility of Young’s Fringe.
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Fig.2 Relationship between strain and upper
limit of beam diameter.
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Fig.4 Effect of Lens aberrations in subjective
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Fig.5 Block diagram of speckle photography
measurement testing.
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Photo.1 Photograph of recording system in
rigid body roation testing.
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Table 1 Results of measurement in rigid body rotation testing
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3.3 8.46 2.56 275 3.04 1
6.6 20.92 1.58 488 3.42 2
8.8 35.99 2.04 272 6.13 2
1.1 73.82 3.33 379 4.40 2
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Fig.6 Tensile test specimen.
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Photo.2 Experimental set-up for speckle
photograph in tensile testing.
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Fig.7 Experimental displacement relative to
crack, measured by speckle photography.
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Fig.8 Comparison between theory and
experiment value of upper limit in
speckle photography measurement.
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