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Optimum Design and Mechanical Analysis for Flat Fixture of Thin-Walled
Wafer Workpiece under Vacuum Adsorption in Ultra-Precision Machining

YANG Jinchuan'?, ZHANG Jianfu', LI Jie*, XIE Qiang?, FENG Pingfa'
(1. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China;
2. Institute of Materials, China Academy of Engineering Physics, Mianyang, Sichuan 621700, China)

Abstract: For solving bad rigidity, easy distortion and clamping difficulty of thin-walled wafer
workpiece, a mathematical model for clamping design of thin-walled wafer is established
following the deformation theory of circular simply-supported plate, and an optimization design
strategy of planar vacuum suction with holes is proposed. The coupling influence mechanism of
design layout of absorbing holes and vacuum degree on fixture of wafer is defined. For thin-
walled parts with definite size, the theoretical analysis shows that the fewer the suction holes,
the smaller the aperture and the higher the vacuum degree. After determining design layout of
holes, it is found that larger deformation is deduced as vacuum degree increases. By means of FE
simulation optimization and taking a 6061 aluminum alloy wafer as an example, the effectiveness
of the optimal design strategy is validated. FE simulation for new design indicates that static
clamping deformation can be reduced to nanometer scale. Machining test shows that the flatness
tolerance of thin-walled wafer workpiece is limited below 500 nm.

Keywords: optimal design of fixture; thin-walled wafer machining; vacuum adsorption clamping;

clamping deformation; clamping stability
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