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Abstract

Roundness error, a fundamental geometric tolerance, critically impacts the assembly accuracy and service life of rotary components.
This study systematically investigates three key influencing factors—instrument precision, environmental interference, and
workpiece condition—with the core objective of enhancing roundness measurement accuracy. Through developing technologies
including instrument error calibration compensation, adaptive environmental interference compensation, and workpiece installation
error correction, we establish a comprehensive multi-source error compensation scheme. The proposed solution is validated through
practical applications, providing technical support for precise roundness detection of precision components. This research holds
significant practical implications for advancing quality control in high-end manufacturing.
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