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Precision Control of the Curved Surface of the Reflector Antenna
and Optimization of the Mechanical Processing Technology

Shirui Yao
The 54th Research Institute of China Electronics Technology Group Corporation, Shijiazhuang, Hebei, 050000, China

Abstract

In response to the increasing sensitivity of reflector antennas in the Ku to Ka frequency bands to the uniformity of aperture phase,
an integrated method for error mechanism analysis and process optimization based on the mean square index has been constructed.
The cumulative influence of thermal deformation, tool wear, and machine tool error on the shape accuracy has been clarified, and
the multi-source errors have been synthesized and incorporated into the aperture efficiency constraint. A processing path adaptive
planning based on the curvature field has been proposed, combined with speed anticipation and step size scaling to suppress
overcutting and mid-frequency waveforms. A multi-objective optimization of cutting parameters has been established, and a six-
point kinematic fixture and constant force support have been designed to achieve precise positioning. Through verification by three-
coordinate scanning and Zernike stripping, the RMS of the shape has decreased from 0.15 mm to 0.08 mm, a reduction of 46.7%, and
the processing efficiency has increased by 22%. The repeatability of clamping and batch processing has also shown good stability.
This method achieves the synergy of accuracy and efficiency, providing a transferable process boundary for large-aperture and
material substitution scenarios.
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