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Multi-objective Optimization and Multi-attribute Decision Making Study of the Light—
weight Mirror Structure

LIN Guan-yu
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The multi—objective optimization genetic algorithm and multi-attribute decision making are used to gener-
ate an algorithm, which is to the light weight mirror optimum in the space imaging instrument. The three optimization
object functions are the surface roughness, weight and free—frequency. The optimum structure is got by modifying the
structure parameters impacting these functions. The algorithm is used for an even aspheric mirror which is used in a
space limb imaging spectrometer. A group of optimum Pareto solutions are got on the basis of the multi—objective

genetic algorithm. Then the optimum solution is obtained by ranking these solutions from best to worst. The differ-
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ences are little between the solution and another solution gained by the Patran&Nastran optimization algorithm. It im-

proves that the algorithm is available. The dynamic and temperature load finite element methods(FEM) are applied to

the model and the mirror produced as the model is under correlation experiments. By the contrast of the analogue

and the experiment results, it shows that the inertia stress under the inertia and temperature loads is far less than the

material yield strength and the deformation meets the surface figure. The results indicate that the structure obtained

by the algorithm satisfies the requirements. The method can be used in more applications by changing the parame-

ters and the limited conditions. The work is still in proceeding.

Keywords: light —weight; multi—objective genetic algorithm; multi —objective optimization; multi —attribute decision

making; finite element analysis (FEA)
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2 TOPSIS
v (mm) k t (mm) r (mm) (Hz) (um) (g)
4.032 5.143 5.084  49.845 2 956.1 0.028 6 146 0.968 1
4.032 5.143 5355  47.625 2 864.4 0.041 9 171 0.965 2
3.904 5.143 5.128  50.204 3018.2 0.031 1 147 0.964 3
2.82+000 , , 3,
2.63+000
2.45+000 6, ’
2.26+000
2.07+000 °
1.88+000
1.69+000
1.50+000 4
1.32+000
1.13+000 41
. 9.41-000
7.52-001 ,
5.64-001
3.76-001 o Patran&
1.88-001
0 Nastran 3
, 3.
2.86-008
2.67-008 3
2.48-008
2.29-008 1 2 3 4 6
2.09-008
1.90-008 /Hz 2 956.1 3180.4 3338 4052.9 4241.3 4957.9
1.71-008
1.52-008 4
133-008
1.14-008 /Pa RMS
9.52-009 (m/s?) (mm) (mm)
7.62-009
i lg (v ) 33x10°  253x10  2.87x10°  0.85x10~
3.81-009
Ry 10g(x ) 3.3x10° 2.53x10*  2.87x10* 0.89x10™*
; 0 20 gx ) 6.6x10°  5.06x10> 573x10*  1.71x10™
leg@y ) 218x10° 2.84x10 3.11x10° 0.93x107°
3. 10 gy ) 2.18x10°  2.84x10*> 3.11x10*  0.93x10™
20g(y ) 437x10°  567x10*° 622x10*  1.86x10™
2 956.1 Hz, PV lgz ) 337x10°  335x10  3.69x10°  1.1x107
2.86x10°mm, RMS 085x10° mm, PV=M10, 10 gz ) 3.37x10°  3.35x10> 3.69x10*  1.1x10*
RMS<)\/40 R 20 gz ) 6.74x10°  6.69x10*> 7.37x10* 2.2x10%*
Patran&Nastran 3 ,
28912 Hz, 14Y% 295x10° mm,
RMS 0.90x107° mm, 148 g,
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C) Pa Max  mm Max /mm ( : ’
) /mm
-30 1.85%10°  1.60x10* 5.10x107 1.77x107
-10  0.62x10° 0.53x10* 1.61x10° 0.71x10™* ’ ,
0 200x10° 1.74x10°  525x10°  1.88x10° ’
10 0.66x10° 0.57x10*  1.70x10°  0.69x10* ; ’
30 1.97x10°  1.71x10™* 5.08x107 1.58x10™ ’
40 2.63x10°  2.29x10™* 6.78x107° 2.03x10™ °
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