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Study on Optimization of Grinding Process Parameters of Monocrystalline Silicon Lens

WANG Yaji', SUN Yuli', MO Honglei’, YUAN Hang’, ZHU Limin’, LU Bo’, GUO Lingxi’
( 1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Shanghai Aerospace Control Technology Institute, Shanghai 221116, China )

[ABSTRACT] Aimed at the aspheric monocrystalline silicon lens widely used in the field of infrared optics, the processing
technology of aspheric normal grinding was studied. Through orthogonal experiment, the influence of process parameters such
as wheel speed, grinding depth and feed speed on the surface roughness and material removal rate of aspheric surface grinding
was studied. Through grey correlation analysis, a group of process parameters optimized for the surface roughness and material
removal rate of normal grinding was obtained. The results show that, by increasing the rotation speed of the grinding wheel, the
surface roughness of the aspheric surface can be significantly reduced, and the uniformity of the surface roughness distribution
of the aspheric surface can be improved. Through the grey correlation analysis, the double objective optimization of the surface
roughness and the material removal rate of the aspheric normal grinding can be realized, which can not only improve the surface
quality of the aspheric components, but also has a certain degree of machining efficiency. The normal grinding method tends
to form helix and radial grinding marks on the aspheric surface. The grinding marks could affect the distribution uniformity of
surface roughness, so it is supposed to pay attention to restraining the generation of grinding marks.
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Fig.1 Normal grinding experimental equipment
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Fig.2 Schematic diagram of normal grinding method
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Table 1 Level of normal grinding parameters

maokr | OO e g | A
1 4000 20 0.015
2 6000 40 0.02
3 8000 60 0.025
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Table 2 Calculation results of normal grinding data
. '/ ' | |

| K% 4
L8R ggﬁ/ %ﬁ BERC L MRR
(rmin')| B/um (mm-r") (mm’s™)
1 4000 20 0.015 |0.5702| 0.0815
2 4000 40 0.02 0.5993 0.2154
3 4000 60 0.025 |0.6380| 0.3933
4 6000 20 0.02 0.5365  0.1077
5 6000 40 0.025 |0.4642| 0.2623
6 6000 60 0.015 |0.5932| 0.2445
7 8000 20 0.025 0.2043 | 0.1311
8 8000 40 0.015 [0.1656| 0.1630
9 8000 60 0.02 0.1735|  0.3231
T, 1.8075 | 1311 1.329
T, 15939 | 12291 | 13092
T, 0.5433 | 1.4046 | 13065
K, | 06025 | 0437 0.443
R, K, 0.5313 0.4097 0.4364 T7=3.9448
K, | 0.1811 | 04682 | 04355
ok 3 2 3
W2 R| 04214 | 0.0585 | 0.0075
EX/ 4 A>B>C
T, 0.6903 | 0.3201 0.489
T, | 06144 | 0.6408 | 0.6462
i 0.6171 0.9609 0.7866
K, | 02301 | 01067 | 0.163
MRR| K, | 02048 | 02136 | 02154 Tyre=1.9219
Ky, | 02057 | 03203 | 02622
K- 1 3 3
W R| 0.0253 0.2136 0.0992
FWF B>C>A
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Fig.3 Mean value of surface roughness at each parameter level

(a)n=4000r/min,

(b)n=6000r/min, (¢ )n=8000r/min,

a,=60um, a,=60um, a,=60um,
/=0.025mm/r, /=0.015mm/r, 7=0.02mm/r,
R,~0.6380pm R=0.5932um R=0.1735um
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Fig.4 Aspheric surface morphology and roughness profile under
different machining parameters
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Table 3 Analysis of variance of normal grinding surface roughness

I I
sk o T g BOTRE RRN T
/ (o ) 1 F 0.05(2.2)
WAEEEH A | 0.304 2 0.152 39.48 19
BREE DRI 0.005 2 0.0025 0.649 —
PR C 16.263x10°| 2 3.1315x10° | 0.00813 —
Rz 0.0077 2 0.00385 — —
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Fig.5 Effect of wheel speed on grinding grain marks
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Fig.6 Mean value of material removal rate at each parameter level
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Table 4 Data of surface roughness and material removal rate after
dimensionless treatment

il S AR E RS JCEANAE AR B R 51
S| R/um MMR/(mm’ s ™) R, MMR
1 0.5702 0.0815 0.8565 0
2 0.5993 0.2154 0.9181 0.4294

3 0.6380 0.3933 1 1

4 0.5365 0.1077 0.7851 0.0629
5 0.4642 0.2623 0.6321 0.5799
6 0.5932 0.2445 0.9052 0.5228
7 0.2043 0.1311 0.082 0.1591
8 0.1656 0.1630 0 0.2614
9 0.1735 0.3231 0.0167 0.7749

R5 REETREXRAITHEER
Table S Calculation results of deviation value and grey
correlation coefficient

- % TR R B

EA S R, MMR R, MMR IRERIREE
1 0.8565 1 03686 |  0.3333 0.3509
2 0.9181 | 0.5706 | 03525 @ 0.4670 0.4097
3 1 0 0.3333 1 0.6667
4 0.7851 | 0.9371 | 0.3891 0.3479 0.3685
5 0.6321 | 04201 | 04417 | 0.5434 0.4926
6 0.9052 | 04772 | 03558 | 0.5117 0.4337
7 0.082 | 0.8409 | 0.8591 0.3729 0.6160
8 0 0.7386 1 0.4037 0.7019
9 0.0167 | 02251 | 0.9677 | 0.6897 0.8287
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