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ABSTRACT

Precision noncontact measurement of diameters of circular reflecting cylinders is an actual problem in industry, especially under inspection of rollers of frictionless bearings with their diameters up to 50 mm with measurement error no more than 0.5 µm.

Optoelectronic methods are promising for such type of measurements and unlike known capacity and induction methods are more stable under external electromagnetic fields and are not affected by material parameters of inspected object. Measurement of large diameter objects by well-known interference method [1] often requires the use of optical systems with significant magnification for interference pattern recording (due to its small size) under CCD array recording. It is resulted in increase of coherent noise and leads to errors of some microns.

We have developed differential Fraunhofer diffraction method, which is appropriate for measurement of diameters (from 1 mm to some tens of millimeters). Peculiarity of this method is rather measurement of gaps between two cylinder vertexes and two reference half-planes, than measurement of cylinder diameter by direct Fraunhofer method. We have used the reference half-planes with out-of diametrical object position (instead of diametrical plane position in [2]) that allows us to reach the high sensitivity of method without close approach to the surface of the inspected object. It decreases the probability of reference half-planes damage due to their contacts with cylinder in some emergency cases. Diffraction field is formed by free space instead of Fourier objectives which makes it possible to obtain significantly greater measurement accuracy.

Equivalent model for formation of Fraunhofer diffraction pattern by measurable object is presented. We have developed the algorithm for processing of two diffraction patterns from gaps between cylinder vertexes and reference half-planes which allows us to determine objects diameter with inaccuracy of one- half micron. Experimental results are given.
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