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Measurement Method of Geometric Error of Coordinate Measuring Machine Using Laser Tracer
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Abstract: Geometric error is an important error source of coordinate measuring machine (CMM). The geometric error measurement methods cur-
rently used have the problems of low efficiency and low accuracy, which seriously deteriorate the further improvement of the performance of
CMM. Hence, a novel geometric error measurement and direct separation method of CMM using laser tracer was proposed. Firstly, the geometric
error model was established based on the multi-body system theorem and homogeneous coordinate transformations. Furthermore, the mathematic-
al model of geometric error measurement using laser tracer was formulated. And the geometric errors were directly separated based on the con-
straints of geometric error characteristics combining with the Levenberg—Marquardt method. Finally, the experiment of geometric error measure-
ment of a CMM using a laser tracer and comparison experiments of single axis positioning error and volumetric positioning error were carried out.
The results showed that the positioning errors of X, Y and Z axis are —27.06, 43.75 and 36.76 um, respectively, and the squareness error between X'
and Y axis was —82.89 urad, which were the main error sources. The maximum volumetric error predicted of CMM was 74.64 um, which was loc-

ated in the limit area of the measurement volume. The identification results of geometric errors compared with the results measured by laser inter-
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ferometer showed that, the maximum difference of three-axis positioning errors was 7.43 um and the maximum difference of body diagonal posi-

tioning errors predicted was 10.51 pm. Compared with other laser tracking geometric error measurement method, X and Y axis volumetric posi-

tioning errors measured by this proposed method were the closest to the results measured by laser interferometer with the maximum difference of

5.3 pm which verified the effectiveness of this method. In addition, the 17 geometric errors of CMM could be measured within 2 hours by the

method, which is of high speed and accuracy, and has a large application in the field of accuracy measurement of CMM and CNC machine tool.

Key words: geometric error; laser tracer; constraints; volumetric positioning error
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Tab.1 Experimental parameters of CMM
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Fig. 4 Schematic diagram of geometric error measure-
ment of CMM using laser tracer
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Fig. 6 Positioning error measurement using laser interfer-

ometer
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Tab.3 Experimental parameters of laser interferometer
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Fig.7 Comparison of positioning error of X axis
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Fig. 10 Volumetric error comparison results of different
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Fig. 11 Positioning error measurement of PPP body diag-
onal using laser interferometer
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