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Study on the Artificial Neural Network of the RB-SiC Mirror Surface
Roughness Fabricated with the Fixed Abrasive Technology

Wang Xu Zhang Binzhi

(Key Laboratory of Optical System Advanced Manufacturing Technology, Chinese Academy of Sciences, Changchun

Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract Fixed abrasive technique mainly aims at the high precision plane of a space camera to fold the mirror. The
microcosmic structure simulation calculation and artificial neural networks analysis of the reaction-bonded sintering
(RB) SiC mirror surface roughness fabricated with fixed abrasive technique is analyzed. In the microcosmic structure
simulation calculation part. the concept of the two-dimensional (2D) surface roughness is introduced. In the artificial
neural networks analysis part. the concept of double hidden layer neural network is introduced to analyze the
experimental results. The network performance is improved remarkably through training. The last performance
value is 8.4075X107°. The network performance is validated after training, the error between simulation data and
experimental data is 0. 2113, which meets the prediction requirement of the fixed abrasive technique surface
roughness.
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Fig. 2 SiC workpiece and pellets for experiment
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Table 1 Roughness of measuring points with

different loads (unit: pm)

No load R, R, R,
1-1 0. 37455 0.48912 2. 58609
1-2 0. 37140 0. 50546 2.90014
1-3 0.29338 0. 39409 2.38109
1-4 0.39534 0. 54556 3.26479
1-5 0. 54056 0. 68275 3.13954
2-1 0.37570 0.48708 2.76116
2-2 0.43395 0.56748 2.76059
2-3 0. 36357 0.52064 3.34482
2-4 0.38111 0.54653 3.29277
2-5 0.39919 0.52972 3.20118
3-1 0.37882 0.51630 3.30150
3-2 0.29213 0. 38008 2.09182
3-3 0.35123 0.46128 2.26380
3-4 0.31659 0.40931 2. 35818
3-5 0.53476 0.67396 3. 37883

(a)

2 kg load R. R, R,
1-1 0.28428 0.46275 3.09155
1-2 0.21864 0. 28492 1.59843
1-3 0.12781 0.19685 1.45410
1-4 0.24028 0. 32494 1.76188
1-5 0. 23046 0.32137 1.85013
2-1 0. 34047 0.43756 2.23314
2-2 0. 28960 0. 39501 2.13648
2-3 0.29729 0.49043 3.39569
2-4 0.19281 0.29674 1.97332
2-5 0.25043 0.34711 1.94839
3-1 0.21203 0. 26890 1. 38460
3-2 0.15119 0.22337 1. 48571
3-3 0.20740 0. 36436 2.52146
3-4 0.18272 0.25920 1. 53569
3-5 0.16884 0.23531 1.43719

(b

4 kg load R, R, R,
1-1 0.14957 0.29599 1. 48578
1-2 0.07715 0. 12809 0. 84165
1-3 0. 05059 0.08129 0.49662
1-4 0.06375 0. 13989 0.65783
1-5 0.05514 0.08957 0.54418
2-1 0.05317 0.07376 0.43581
2-2 0.07278 0.11892 0. 74915
2-3 0. 06980 0.11745 0. 75425
2-4 0.10569 0.19019 1. 09752
2-5 0. 08073 0.12733 0.69675
3-1 0. 08306 0.13831 0. 83910
3-2 0.12338 0.22363 1.27595
3-3 0. 06891 0.10424 0.60122
3-4 0.06241 0.09435 0. 55081
3-5 0.10481 0.17020 1. 05435

€9)

5.98 kg load R, R, R,
1-1 0. 08075 0.13284 0.96525
1-2 0.08277 0.18913 1. 79665
1-3 0. 08556 0. 15750 1.05973
1-4 0.03425 0. 06804 0. 63566
1-5 0. 05460 0.13632 1. 09197
2-1 0.09394 0.18531 1. 66520
2-2 0.07638 0. 16004 1.33520
2-3 0.08419 0. 15086 1. 13755
2-4 0.03837 0.07331 0.73188
2-5 0.06251 0.16061 1.31468
3-1 0.09967 0. 23846 1. 63659
3-2 0.05522 0.11378 0.96457
3-3 0.06574 0.11953 0. 86744
3-4 0.03318 0.07106 0. 69950
3-5 0.05045 0.11856 1.10172

(d)
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Fig. 3 Roughness result of 1-1 measuring point with different loads
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Fig. 5 Performance value of single hidden neural network with different nodes
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Table 2 Performance value of double hidden

neural network with different nodes

Nodes in Nodes in

No. Performance  Epoch
first layer second layer
1 13 6 5.25X107" 1070
2 14 6 1.05X10°* 7700
3 13 7 2.87X10°* 714
4 14 7 8.55x107" 1098
5 10 8 1.12X10°* 12130
6 12 8 1.95X10°* 866
7 13 8 8.41X107° 1265
8 14 8 9.81X107° 4117
9 15 8 2.12X107° 3737
10 16 8 1.91x10°* 918
11 13 9 2.92X107" 1516
12 14 9 4,80X107* 1595
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Fig. 8 Comparison result between ANN prediction

and experiment result
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Training results of the double hidden layers neural network
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