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Volumetric Error Identification for NC Machine Tools
Using the Reference Artifact
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Abstract

Methodology of volumetric error identification is presented to improve the accuracy of NC machine
tools by using a reference artifact and a touch trigger probe. Homogeneous transformation matrix and
kinematic chain are used for modeling the geometric and thermal errors of a three-axis vertical
machining center. The reference artifact is designed and fabricated to identify the model parameters by
machine tool metrology. Parameters in the error model are able to be identified and updated by direct
measurement of the reference artifact on the machine tool under the actual conditions which include the
thermal interactions of error sources. The proposed method can speed up and simplify volumetric error

identification processes.
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Table 1 Locations of local coordinate systems

Coordinate

systems Locations
CSl1 Machine's workspace origin
CS2 Ball screw nut center of table
CS3 X-axis ball screw bearing center (rear)
CS4 Ball screw nut center of saddle
CS5 Y-axis ball screw bearing center (front)
CS6 Z-axis ball screw bearing center (rear)
CS7 Ball screw nut center of head
CS8 Tool grasp point

Fig. 1 Structural configuration of a three-axis
vertical machining center
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Fig. 14 Variation of volumetric errors according to
the experimental conditions
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