Graphical Abstract (without Author Details)

In the pursuit of optimizing the precision of five-axis machine tools, this research introduces the “Laser R-Test,” a novel contactless calibration tool system developed to efficiently measure and analyze rotational axis PIGEs and PDGEs, which constitute 70% of the errors in such tools. Current methodologies, employing instruments like interferometers and DBB, are deemed costly and time-consuming. The introduced methodology, based on spatial coordinates and Rodrigues' rotation formula, establishes a PIGEs error model, integrating path XYZ errors from simplified paths combined with the Laser R-Test. This allows for swift determination of current errors and compensation values of the machine tool. The system accomplishes the analysis and compensation of 8 PIGEs errors in the rotary axis in 2 minutes, ensuring compatibility with ISO-10791-6 K4 prescribed path tests and achieving a precision below ±10 um, a significant improvement in the field. This amalgamation of preceding studies and innovative approach not only reduces setup time and enhances commercial applicability but also holds the potential to revolutionize precision in intelligent manufacturing, offering practical and efficient solutions.
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Spatial coordinate methods to construct error models for AOC, BOC, COA, and
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According to the international standard 1ISO 10791-6 machine tool accuracy
detection path, the five-axis machine tool's multi-axis simultaneous motion
path includes BK1, BK2 and BK4

Laser R-Test system installation schematic diagram
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