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Predictive modeling of the surface pattern of double-sided
polishing process of optical components

Mi Zhikai',  Nie Fengming',  Huang Siling',  Xue Feng’
(1. Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China;
2. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To address the challenge of establishing a stable removal function for double-sided polishing to
predict the finished surface profile, we use the coordinate transformation method to derive the relative velocity
distribution equations for the upper and lower surfaces of the component. Subsequently, static pressure distributions on
both surfaces are simulated using ANSY'S software. The simulation data is then imported into Matlab and fitted with a
polynomial method to determine the time-varying pressure distribution formulas for the component's surfaces. Based
on the Preston equation, an expression for the correction coefficient K is derived. The value of the correction
coefficient K is calculated to be 2.588%107" from four sets of polishing experimental data, enabling the construction of
a predictive model for the surface pattern in double-sided polishing processes. The predictive model is ultimately
validated through machining experiments. The experimental results indicate that the error in predicting the PV (Peak-
to-Valley) value accounts for 1.07% to 7.4% of the actual PV value after processing, demonstrating good agreement
between the predicted model and the actual post-processing surface pattern.

Key words:  double-sided polishing, surface pattern, predictive modeling, experimental validation
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Table 1 Coefficients of pressure distribution equation
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Fig. 7 Distribution of pressure on the surface of the element at different moments
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Table 2 Polishing process parameters in the modified experiment

experimental group element, upper plate, oscillation speed/ time/ swing distance/ distance from the center of the element
ime/s
number lower plate/(r-mm") (mm-s ™) mm to the center of the lower plate/mm
1 10.1,10.9, 10 5/6 2700
2 12.1,12.9, 10 5/6 1800
10 1260
3 12.1,12.9, 10 1/3 300
4 10.1,10.9, 10 1/3 420
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Table 3 Prediction-validated expermental process parameters and comparsion between

experimental data predicted data

experimental element, upper oscillation swing distance from the center of . .
. . experimental PV predicted PV
group plate, lower speed/ time/s  distance/ the element to the center of
B o values/pum values/um

number plate/(r-mm™) (mm-s™) mm the lower plate/mm

1# 12.1,12.9, 10 5/6 2700 80 0, 1160 2.145 2.122

2# 12.1,12.9, 10 2 900 10 0,1160 1.149 1.122

3# 10.1,10.9, 8 1/3 600 10 0, 1260 0.527 0.566

4# 10.1, 10.9, 10 1/3 1800 10 0, 1260 0.962 0.947

5# 10.1, 10.9, 10 2 3600 10 110, 1160 1.720 1.746
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(a) predictive processing surface pattern (b) experimental processing surface pattern

Fig.9 Comparison between the predicted and the experimentally processed surface patterns
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