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Evaluation of free-form surface profile error and analysis of uncertainty

He Gaiyun Huang Xin Guo Longzhen

(Key Laboratory of Mechanism Theory and Equipment Design of Ministry of Education, Tianjin University, Tianjin 300350, China)

Abstract : A new method to evaluate the free-form surface error is proposed in this paper. Testing whether the error is within the required
tolerance zone is implemented by comparing the reconstructed machined surface with the design surface. The inspection process is
created out by these steps: acquisition of measurement points on the actual surface, transform the measurement points from the
measurement coordinate system to design coordinate system by location; the machined surface is reconstructed by the located points based
on B-spline interpolation; the reconstructed surface is compared with the design surface. Because of the uncertainty in measurement
process, the uncertainty of location, reconstruction, and form error are analyzed. The proposed method is verified in the measuring and
analysis of “S” shape test shape. The results show that the proposed method is effective to guide the evaluation and acceptance of free
form surface machining quality.
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Table 1 Error and uncertainty of measuring points

on reconstruction surface

u X /mm Y /mm Z/mm iRZ{H/mm  w/mm
0.100 23.861 7 83.3986 23.0720 0.0177 0.002 8
0.200 26.8412 141.998 23.0733 0.0517 0.002 9
0.300 75.720 7 165.544 23.0938 0.0113 0.003 2
0.400 116.716  124.479 23.097 6 -0.0066 4 0.002 70
0.501 133.708 65.5385 23.0840 0.01166 0.002 30
0.601 168.856 16.7515 23.0813 -0.023 8 0.003 21
0.701 228.367 11.5659 23.0813 0.03771 0.003 89
0.801 264.400 57.5373 23.1009 -0.03112 0.003 10
0.900 266.536  117.639 23.111'1 -0.024 73  0.007 30
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Fig.7 The results of surface evaluation
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