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Figure 1 Schematic diagram of time controlled grinding of optical
components.
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Figure 2 Schematic diagram of contact pressure distribution based on
Hertz contact model.
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Table 1 Mechanical parameters of materials in finite element
simulation
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Figure 3 ANSYS simulation results of contact model (0.3 MPa). (a)
Load settings and boundary constraints; (b) overall deformation; (c) line
stress distribution on the surface; (d) line stress distribution in the
contact area.
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Figure 4 Surface measurement data of glass-ceramics blank.
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Figure 5 Surface of glass-ceramics after fixed-point removal function
experiment.
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Table 2 Experimental parameter of removal function
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Figure 6 Removal function extracted by high precision coordinate
profile measuring.
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Figure 7 Extraction results of removal function with different dwell
times of 15 pm grit size and 0.3 MPa pressure.
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Figure 8 2D and 3D morphologies of removal function and surface
profile along the renewal direction of abrasive belt.
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Figure 9 Schematic diagram of time-controlled grinding device and
corresponding machine tool equipped with prototype.
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Figure 10 Grinding process of Optotech UPG 500 CNC ultra
precision grinder.
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Figure 11 Comparison of surface quality before and after pre grinding
of time-controlled grinding.
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Figure 12 Interferometric results after pre-grinding of time-controlled
grinding.
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Table 3 Machining parameter of simulation
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Figure 13 Distribution of removal amount and dwell time in
simulated machining. (a) Error distribution of the surface to be
removed; (b) distribution of dwell time.
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Figure 14 Interferometric results after time-controlled grinding.
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Figure 15 Error distribution of actual removal.
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Figure 16 Processing time of ®100 mm MRF wheel with same
removal amount.
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Research on time-controlled grinding methods for fabricating high-
precision optical components

SUN ZiZhou'*’, CHEN FuLei'*’, HU Hao'”’, DAI YiFan'"*’, GUAN ChaoLiang' >’ &

PENG XiaoQiang'"*”

: College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China;
* Hunan Key Laboratory of Ultra-Precision Machining Technology, Changsha 410073, China;
} Laboratory of Science and Technology on Integrated Logistics Support, National University of Defense Technology, Changsha 410073, China

Owing to its low processing efficiency, the traditional milling—polishing—figuring process cannot meet the increasing demand for
high-precision and large-diameter optical components. To increase the efficiency related to the manufacturing of optical components
and enable the components to rapidly achieve the entrance conditions of the final figuring process, this paper introduces a flexible
abrasive belt grinding tool for realizing the deterministic machining of optical components. Based on the material removal mechanism
of time-controlled grinding of optical components, a new material removal method is proposed, and an efficient and controllable
removal function is successfully obtained by controlling key processing parameters. A time-controlled grinding prototype for
fabricating optical components was built according to theoretical analysis, and time-controlled grinding experiments were conducted
on a 200 x 200 mm flat glass ceramic. The results showed that the surface error converged from 2.31 um PV, 0.38 um RMS to
1.76 pm PV, 0.27 um RMS in 53 min. The efficiency of the prototype is >10 times that of a magnetorheological polishing wheel of
the same size. Time-controlled grinding can enable the quick polish of the glass ceramic surface while figuring, meeting the laser
interferometry requirements. These results verify the feasibility of the error convergence via the time-controlled grinding method of
an optical component, which can shorten the grinding and polishing time before the final figuring process.

optical components, time-controlled grinding, deterministic figuring, high efficiency
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