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Design and optimization for shape
of space membrane mirror

QI Ying-chun"*, JIN Guang', XU Yan-jun'

(1. Changchun Institute of Optics, Fine Mechanics and Physics . Chinese Academy of Sciences ,
Changchun 130033, China; 2. Graduate School of the Chinese Academy of Sciences, Beijing 100039)

Abstract: On analysis of the mechanics theory of polyimide membrane mirror, a numerical solution of
membrane reflector on the equispaced load and proper pre-stressing force is computed, and the error
between ideal surface and computed surface is given. Taking surface load on different areas of the mir-
ror as design variable, yield strength of the membrane as state variable and mean square root of the er-
ror between ideal surface and computed surface as target function, the surface shape of membrane mir-
ror is optimized with ANSYS software. Finally, the wavefront of the mirror before and after optimiza-
tion is calculated using Zernike polynomial fitting, and aberration of the mirror is presented. The re-
sults show that the shape of high accuracy parabolic membrane mirror can be obtained applying appro-
priate loads on different areas of the membrane mirror.
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Fig. 1 Geometrical and finite element models of the

membrane mirror
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Tab.1 Membrane mirror shapes before and after optimizing and their RMS values

A B RMS

TR
R A w=0.096 3(z*+y*)—0.002 205
AblFE w=0.101 79(2*+y*)—0. 002 298 7

w=0,097 6(x*+y*)—0.002 196
w=0.,102 21(2*+y*)—0.002 299 8

0.194 57E-04
0.583 65E-05
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(a) Comparison diagram before optimizing
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(b)Comparison diagram after optimizing
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Fig. 2 Projects of ideal and computed mirror shapes
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Tab. 2 Zernike coefficients before optimizing

UL B4 ik AR T AR
1 —1.145 591 064 620 94 13 0. 000 398 778 430 31 25 —0.020 036 416 195 15
2 0.000 000 054 876 77 14 —0.000 001 251 493 15 26 0.000 000 445 877 60
3 —0.000 005 214 186 25 15 —0.000 005 364 630 28 27 0.000 010 369 247 17
4 0. 000 030 623 737 15 16 —0.000 002 916 943 71 28 —0.000 000 034 643 86
5 —1.137 259 174 127 53 17 —0.000 005 677 819 31 29 0. 000 000 413 773 71
6 0. 000 000 553 161 63 18 0.000 021 912 027 35 30 0. 000 006 477 432 28
7 0. 000 002 405 857 14 19 —0.000 010 716 574 59 31 0. 000 003 292 400 83
8 —0.000 001 703 125 77 20 0.000 013 012 418 87 32 —0.000 032 168 952 44
9 0. 000 010 588 226 52 21 —0.000 001 029 114 34 33 0. 000 004 639 880 73
10 —0.000 004 218 101 33 22 —0.000 010 239 854 32 34 —0.000 011 148 034 29
11 —0.000 133 068 444 33 23 0. 000 190 401 139 92 35 0. 000 000 535 544 46
12 —0.000 074 875 730 19 24 0.000 122 728 298 77 36 —0.000 000 243 338 62
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Tab. 3 Zernike coefficients after optimizing
1 —1.067 499 522 119 20 13 —0.034 031 986 874 83 25 —0.007 891 981 650 30
2 —0. 000 004 698 383 19 14 0.000 001 335 948 69 26 —0. 000 001 013 044 16
3 —0. 000 013 495 822 64 15 —0. 000 004 529 002 22 27 0.000 008 978 635 39
4 0.000 025 611 178 59 16 —0.000 002 047 411 51 28 —0. 000 000 313 110 76
5 —1.087 535 123 573 39 17 —0. 000 004 952 369 26 29 —0. 000 000 005 449 29
6 —0. 000 000 616 369 64 18 —0.000 015 495 474 54 30 0. 000 003 782 808 87
7 0.000 001 970 712 80 19 —0.000 059 296 634 48 31 0. 000 002 830 077 48
8 0.000 007 975 217 44 20 0.000 013 584 291 84 32 0.000 019 567 769 64
9 0.000 029 011 071 02 21 —0. 000 001 371 217 58 33 0.000 064 303 594 54
10 —0. 000 004 832 936 56 22 —0.000 034 493 970 31 34 —0.000 011 157 471 31
11 —0. 000 116 420 236 75 23 0.000 159 194 691 84 35 0.000 001 354 665 99
12 —0. 000 090 266 049 46 24 0.000 074 980 941 04 36 —0. 000 000 410 064 49
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