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Estimation of uncertainty in measuring the workpiece circularity error
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Abstract: In order to realize the uncertainty evaluation of the workpiece circularity error, the sampling
strategy, error evaluation method, and uncertainty of the circular outline of the workpiece were inves-
tigated based on the Coordinate Measuring Machine (CMM). First, to achieve many samples from
different workpieces, circular outlines were measured. Next, the sample circularity errors were evalu-
ated according to the Differential Evolution (DE) algorithm. Then, by comparing the errors, the a-
dopted sampling strategies and the DE algorithm were explained. Finally, based on the results of the
circularity error, the uncertainty was evaluated by applying the GUM and MCM methods. The maxi-
mum average difference is 1.1 pm, and the average standard uncertainty of the MCM method is 0. 02
pm less than the GUM method. More stable, reliable, and accurate results can be obtained using rea-
sonable sampling points, DE algorithm, and MCM evaluation method.
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1 0.002 7 0.005 4 £0.000 1,0.010 9] 0.002 6 0.005 2 £0.000 2,0.010 6]
2 0.002 4 0.004 8 [0.000 7,0.010 3] 0.002 4 0.004 8 0. 000 8,0.010 1]
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8 0.002 2 0.004 4 [0.001 3.0.010 2] 0.002 2 0.004 4 [0.001 5.0.010 0]
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