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Characteristics of aspheric lens processing using ultra-precision moulds
processing system
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Abstract : The fabrication of precision optical components by deterministic CNC grinding is an area of great current
interest. Replacement of the traditional, craftsman driven, optical fabrication process is essential to reduce costs and
increase process flexibility and reliability. Moreover, CNC grinding is well suited to the fabrication of complex shapes
such as aspheres, making it possible to design optical systems with fewer components and reduced weight.

Current technology is capable of producing surfaces with less than 2 microns peak to valley error, 50 nm rms surface
roughness, and less than 1 micron subsurface damage. Bound abrasive tools, in which the abrasive particles are fixed in
a second (matrix) material, play an important part in achieving this performance. In this paper, the factors affecting the
ultra-fine surface roughness and profile accuracy of machined surfaces of aspheric parts has been analyzed experimentally
and theoretically and on ultra-precision aspheric grinding system and precise adjusting mechanism have been designed and
manufactured. In the paper we report the results of experiments and modeling performed to examine the effects of
machinability, occurring during grinding of optical surfaces, on the tool surface profile. Profiles of machined surface were
measured by using SEM. In order to optimize grinding conditions of aspheric lens processing, we performed experiments

by design of experiments.

Key Words : Design of experiments, Aspheric lens processing, Ultra precision grinding system, Abrasive diamond wheel
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Fig. 1 Concept of tool contact point and angle
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Fig. 2 Contact between tool and aspheric lens
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Fig. 3 Ultra—precision processing system
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Table 1 Three-level design of experimental

L Level
Grinding Parameter | Symbol
0 1 2
Work Speed(mm/s) A 62.8 125.6 188.4
Work Speed(m/s) B 6.28 10.466 16.746
Depth of Cut(um) C 0.5 1.5 2.5
Feed rate(mm/min) D 1 5.5 10
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Table 2 ANOVA table of surface roughness
Source Degree of ~ Sum of Mean F-value P
Freedom Square Square
A 2 163.062 81.531  50.95%*  0.000
*
B 2 460.321 230.160 143,;82 0.000
C 2 3.654 1.827 1.14 0.328
*

D 2 898543 449272 28074 4000
AxB 4 160.198 40.049  25.03**  0.000
AxC 4 9.086 2272 1.42 0.242
AxD 4 65.531 16.383  10.24**  0.000
BxC 4 10.938 2.735 1.71 0.164
BxD 4 56.272 14.068  8.79**  0.000
CxD 4 2.716 0.679 0.42 0.790
Error 48 76.815 1.600
Total 80 2.52978

a) After rough grinding

b) After fine grinding
Fig. 6 SEM photograph of machined aspheric surface
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