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Abstract: As for the lightweight structure of a large-aperture primary mirror in remote sensors, this paper
introduces an optimized multi-target Genetic Algorithm( GA) based on the Kriging approximate model to design
all lightweight structure paramaters for a 2 m-aperture SiC primary mirror. The latin hypercube method is used
to build the Kriging model and do the experimental design of optimized parameters, and then a optimal solution
is obtained through the multi-target GA (NSGA II). After the optimization, the 2 m-aperture SiC primary
mirror weights 243 kg, the surface accuracy reaches 25.7 nm PV, 4.7 nm RMS and the total lightweight rate

is 84% . The experimental result proves the feasibility of this optimization method and it can be a reference for
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the future lightweight optimization design of the structural parameters of large-aperture primiary mirrors.
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Fig.1  Curves of f(x) and its approximate function
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Fig.2  Optimization process of approximate model method
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Fig.3 Basic shape of the primary mirror
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Tab.1 Input and output data of 20 samples
" " L ‘. ] . . m/ke Vertical Horizontal
PV/nm RMS/nm PV/nm RMS/nm
1 0 3 9 10 6 1 0 547. 60 42.255 9.100 23.714 5.035
2 1 6 2 1 8 4 8 311.97 32.845 6.096 47.460 8.448
3 1 4 4 8 4 10 5 494.53 42.786 8.138 35.907 6.743
4 2 5 2 4 8 5 9 363.93 32.190 5.550 43.346 7.896
5 2 8 9 9 9 2 10 561.54 29.153 5.783 39.391 7.103
6 3 1 6 2 3 4 2 411.14 47.875 9.399 33.471 6.274
7 3 8 8 8 10 5 7 547.95 37.323 7.738 40.392 7.213
8 4 5 5 3 5 7 1 434.63 48. 115 9.772 41.531 9.171
9 4 4 1 7 1 9 1 489.73 45.182 9.070 49.822 10.738
10 5 9 3 4 3 9 8 489.00 34.981 6.678 44.249 7.741
11 5 10 6 5 7 3 7 510.93 36.173 6.869 37.548 6.964
12 6 7 7 9 0 8 3 719.56 42.992 8.832 26.433 5.465
13 6 0 10 2 9 6 4 461.51 61.299 12.531 41.277 8.230
14 7 2 8 7 2 8 5 643.36 47.952 9.734 28.193 5.980
15 7 2 5 1 6 1 6 420.08 47.628 9.831 34.444 8.409
16 8 1 7 0 7 3 2 426.60 57.451 13.076 40.287 9.277
17 8 3 1 5 1 6 3 510.22 45.104 9.833 42.155 9.004
18 9 9 0 6 2 2 6 534.85 43.492 7.505 35.088 7.929
19 9 7 4 6 4 7 4 583.06 58.416 9.961 40.403 7.571
20 10 6 3 3 5 0 9 520.17 46.191 7.377 45.587 10. 470
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Tab.2 Iterative data
tr t, h t, I R R, m PV RMS
1 1. 2 0 0 6 2 10 263 28.0 5.08
2 0 4 0 4 5 0 9 331 31.2 5.87
30 0 0 0 5 6 10 242 26.0 4.82
4 0 0 O O 5 7 10 242 26.3 4.74
5 0 0 0 0 4 8 10 246 27.0 4.73
6 0 0 0 O 5 9 10 243 25.7 4.70
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Tab.3 Optimal design parameters
t/mm ¢t /mm  hA/mm ¢ /mm  [/mm R,/mm R,/mm m/kg PV/nm  RMS/nm
Parameters 5 5 170 5 160 370 800 342.18 32.987 5.620

K4 SNSRI RMS 15200 #h 2k

Influence curves of each parameter on surface accuracy

Fig. 4
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