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Synchronous measurement system for geometric errors of double rotary

axes of five-axis machine tools using scanning probe
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ABSTRACT

Synchronous measurement system for geometric errors of double rotary
axes of five-axis machine tools using scanning probe
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National Cheng Kung University

SUMMARY
This paper proposes a geometric error measurement system for the dual rotation axes of
five-axis machine tools, focusing on the scanning probe. Unlike contact probes, the
scanning probe uses continuous signals to gather more measurement information, aiding
in the simultaneous analysis of numerous error terms. The system uses the Uni5X-400
cradle-type five-axis machine tool developed by Fuyu Business. It measures the geometric
information of correction balls and blocks to analyze error sources, divided into dynamic
and quasi-static errors, with geometric errors in the latter significantly affecting processing
accuracy. Geometric errors are categorized into installation and motion errors on linear
and rotating axes. Previous research often analyzed errors in isolation, ignoring the
coupling effects of simultaneous dual-axis movement. This system, however, can
simultaneously analyze twenty installation and motion errors of dual rotation axes,

offering easy installation, fast measurement, and low cost.

The system's development involved using a homogeneous coordinate transformation
matrix to model the machine tool's cradle configuration, representing the relative motion
between various axes. Forward kinematics related the probe and calibration ball to the
spatial position of the block and the normal vector direction of each block plane,
considering ideal and actual situations with geometric errors. Inverse kinematics
calculations corrected ideal and actual controller drive values to determine the relationship
between volume error, deflection, and geometric error. Finally, the system's equations
were solved using the least squares method, with random variables verifying correctness.
Experimental results were consistent with previous studies and fitted circle evaluations,
validating the system's feasibility.
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