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A Precision Assembly Method for Micro Shading Detection Components

WANG Xiaodong YAN Yiting WANG Qian XU Zheng" XIAO Sien
School of Mechanical Engineering, Dalian University of Technology, Dalian, Liaoning, 116024

Abstract: Micro shading detection components were widely used in high-precision displacement and
motion sensors, where strict dimensional accuracy and precise assembly were required. To address the
challenges of vision-based detection and bonding control during their automated assembly, a precision as-
sembly method for such components was proposed herein. An automated precision assembly system
equipped with a six-degree-of-freedom (6-DOF) robotic arm was developed. Vision feedback was em-
ployed to provide multi-directional alignment guidance during assembly; the flexible movement of the ro-
botic arm was leveraged; locating pins mounted on precision motion mechanisms were used as reference
markers; and the impact of the robotic arm’s repeated positioning errors was ingeniously eliminated. With-
out additional hardware, the system achieved multi-directional measurement and alignment guidance of
parts in complex micro-assembly using only a single camera. Moreover, to ensure the reliability of micro-
scale adhesive bonding, a pre-adjustment method was proposed for dispensing parameters and nozzle posi-
tioning. Specifically. by integrating calibration blocks and vision measurement, precise control over adhe-
sive volume and droplet positioning was realized. Experimental results demonstrate that the proposed sys-
tem achieves an assembly error of less than 10 pm. with an orientation deviation of less than 0. 2°. For ad-
hesive droplets with a diameter of 300 pm, the positioning deviation is controlled within 10 pm, and the
uniformity deviation of droplet diameter is within 9% . These performances fully meet the alignment and
bonding requirements of precision assembly tasks.

Key words: precision assembly; vision measurement; micro adhesive bonding; robotics
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Fig.3 Assembly process of the light-shielding component
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Fig.4 Calibration principle of angle deviation between

camera and worktable coordinate system
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Fig.5 Feature extraction process of components
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Fig.6 Schematic diagram of vision measurement
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Fig.7 Pre-adsorption alignment strategy
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