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Single-Point Measurement of Strain using Laser Speckle
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The speckle pattern evident in coherent light diffusely scattered from a surface is sensitive to changes in displacement, rotation and strain of the surface.  Yamaguchi [1] has given expressions for the behaviour of the speckle pattern as a function of these deformations.  Various experimental arrangements can be devised to be sensitive to a specific component of deformation.  We have demonstrated an arrangement which can be used to derive the strain component along a particular direction parallel to the surface, from a measurement over a single small area on the surface.

A laser beam is expanded to a diameter of a few millimetres and directed onto the surface at normal incidence.  The light scattered in two directions at 45( on opposite sides of the normal is directed onto two halves of a single CCD area sensor.  Changes in surface strain cause an angular shift in the speckle pattern.  This strain is analysed by measuring the position of the peaks of the speckle cross-correlation function calculated between images taken before and after deformation.  The use of two viewing directions allows the effects of other movements and deformations to be subtracted out, so that the component of strain in the plane of viewing can be isolated.

The system has been used to measure the thermal strain produced in an aluminium plate as it is heated.  Strain was measured over a range from 0 to 400 microstrain, with a resolution of roughly 5 microstrain.

[1]
Yamaguchi, I.: Speckle displacement and decorrelation in the diffraction and image fields for small object deformation. Optica Acta, Vol. 28, No. 10, 1981, pp. 1359-1376.
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