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Ultra-precision grinding and polishing processing
technology research and equipment development

Peng Yunfeng'?, He Jiakuan"”, Huang Xuepeng'?, Liu Jiaming"?, Wang Zhenzhong/,
Li Chenlei'?, Wang Jinghang'

!School of Aerospace Engineering, Xiamen University, Xiamen, Fujian 361005, China;

’Shenzhen Research Institute of Xiamen University, Shenzhen, Guangdong 518057, China

Abstract: Under the opportunity of "Made in China 2025", in the field of ultra-precision, China has broken through
many key bottleneck technologies, achieved many remarkable scientific research results, built a number of high-
level ultra-precision processing technology innovation platforms, talent growth platforms and application
demonstration bases, and created an independent ultra-precision industry in China. This paper mainly introduces
the research progress of optical ultra-precision processing technology and equipment in the Precision Engineering
Laboratory of Xiamen University. Focusing on the grinding and polishing processing of large-diameter optical
aspherical components, the processing technology, grinding and polishing equipment, equipment monitoring and
control software and related unit technologies developed by the group are described. These research results can
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provide manufacturing and processing technology support and equipment solutions for the ultra-precision

processing of high-end optical components.

Keywords: ultra-precision machining; grinding and polishing equipment; processing technology; CAM software
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Fig. 1 The appearance of the large diameter precision grinder UPG80 and the overall sheet metal of the machine
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Fig. 2 Processing results of the large aperture aspheric elements!”. (a) Surface shape accuracy (PV=3.38 pym);
(b) Subsurface damage depth (h=3 pm)
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A1 kv A EER UPG8O #AR484F
Table 1 Technical specifications of the large diameter precision grinding machine UPG80
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XIYIZ'h 5 5 kG <1 um/300 mm
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Fig. 3 Influence of the initial flow Q, on the motion accuracy"”. (a) Angular motion error; (b) Displacement motion error;
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Fig. 5 Five-axis CNC bonnet polishing machine'. (a) Bonnet polishing machine model diagram;
(b) Actual drawing of the bonnet polishing machine
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Fig. 7 Maze-based polishing path generation schematic
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Table 2 Polishing parameters
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Fig. 12 Diagram of the experimental results”". (a) Material removal functions of polishing spots;
(b) Surface microscale morphologies of the workpiece before and after
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Fig. 13 Block diagram of impedance control algorithm based on environment mode
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Fig. 14 Experimental results curve of the robot compensation force control®. (a) Curve 1 of the force control experiment results;
(b) Curve Il of the force control experiment results
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Fig. 15 Surface finishing quality under varying pressure and steady pressure. (a) Pressure 10 N;
(b) Pressure 15 N; (c) Pressure 20 N; (d) Surface machining quality at 10 N steady pressure
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Fig. 16 Control frame diagram of the robot airbag polishing system
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Fig. 17 Deformation cloud of robot end®™”

. (a) Attitude position angle 0°; (b) Attitude position angle 90°
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Fig. 18 Bonnet suppression structure®. (a) Model diagram of the vibration suppression tool head;
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Ultra-precision grinding and polishing processing
technology research and equipment development

Peng Yunfeng'”, He Jiakuan"”", Huang Xuepeng ', Liu Jiaming ",
Wang Zhenzhong', Li Chenlei'?, Wang Jinghang'
- P

Robot bonnet polishing picture

Overview: Driven by the rapid development of national optical projects such as laser nuclear fusion and aerospace
telescopes, as well as high-end civilian fields such as advanced instruments and optical lenses, the requirements for full-
frequency domain processing errors and surfaces of optical components are becoming more and more stringent. At this
stage, the optical components generally need to go through rough grinding, fine grinding, polishing and coating, and
other processes, and their surface quality mainly depends on the defect removal ability and error control level of the
polishing process. Whether the fine grinding process can obtain better surface shape accuracy and low
surface/subsurface damage suppression determines the processing efficiency, and the ultra-precision processing
manufacturing equipment is the premise of the realization of ultra-precision machining of the optical components. So
far, all countries in the world have invested in the research and development of optical ultra-precision grinding and
polishing technology, and have developed more relatively mature high-precision grinding and polishing equipment,
which can better meet the processing needs of most of the current optical components. For the core equipment and key
technologies required for ultra-precision manufacturing, China has long relied on imports. In order to break through
the bottleneck restricting the development of ultra-precision technology in China at this stage, under the traction and
drive of the national large-scale engineering project, China has made remarkable progress in optical ultra-precision
manufacturing equipment and technology. However, for the optical ultra-precision technology and equipment, there is
still a certain gap between China and the international advanced level, and it is necessary to continue to strengthen the
research. In addition to the high-end grinding and polishing equipment necessary for the ultra-precision machining of
optical components, it is also necessary to strengthen the technical level of a series of key supporting units, such as ultra-
precision grinding and polishing processing technology, high-end key functional components, intelligent monitoring
technology of processing environment, efficient ultra-precision machining tools, processing and inspection path
planning and compensation processing strategies, computer-aided manufacturing and testing software, etc. The
research, development, and application of these technologies are related to the development of high-end manufacturing
in the civilian fields and national defense fields, and are also the focus of the country. This paper mainly focuses on the
ultra-precision machining of large-diameter optical aspherical components. Starting from the grinding and polishing
process route, this paper introduces the long-term research progress of the Precision Engineering Laboratory of Xiamen
University in the field of large-diameter optical aspherical component processing, and introduces in detail the technical
and system achievements such as ultra-precision grinding and polishing equipment, robot-assisted grinding and
polishing, equipment intelligent monitoring system, processing technology and control software.
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