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Improvement and Optimization of Lightweight Structure for SiC
Reflective Mirror
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Changchun 130033, China)
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Abstract: In order to improve imaging quality of SiC reflective mirror, an improved scheme of traditional
lightweight mirror and the corresponding optimization method were proposed. The scheme of variable rib
thickness design for lightweight mirror was brought forward. Lightweight ribs were divided into different
groups based on geometry position and force transferring route respectively, both schemes with grouping
performed better than traditional structure in imaging quality, indicating that lightweight ribs with
different topology relation played different roles in enhancing the stiffness of lightweight mirror. The ribs
on the back of mirror were trimmed in order to improve local distortion in areas away from supporting
holes. The integrated optimization model based on improved structure was built, using Multi-island
Generic Algorithm to find the best combination of all the structure parameters. The simulation results
show that after optimization, the grouping scheme based on force transferring route overmatches
traditional design, with surface quality improved by 33. 2%, and mass decreased by 11. 7 %.

Key words: Space optics; Variable rib thickness design; Integrated optimization design; Topology
relationship; Multi-island Generic Algorithm(MIGA)
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Table 1 Physical properties of common materials for

reflective mirror

Material SiC Si Be Zerodur Al FS
Density p/(kg » m™*) 3200 2330 1850 2530 2700 2190

Young's modulus E/GPa 400 131 287 91 68 72
Thermal conductivity A(W » mK™") 155 137 216 1. 64 167 1.4
Thermal expansivity «/(X107° « K™') 2.4 2.6 11.4 0. 05 22.5 0.5
E/o/(X10° m) 125 56. 2 155 36 25.2 32.9

Aa/ (X107 m/W) 64.6 52.7 18.9 32.8 7.42 2.8

(A/a) « (E/p) 8073 2962 2939 1180 187 92
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(a) Geometry model
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(b) Schematic of structural parameters
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Fig. 1 Original structure of lightweight reflective mirror
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(b) Distribution based on force transferring route
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Fig. 2 Schematic of distribution of lightweight ribs
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Fig. 3 Results of topology optimization
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Table 2 Results of optimization

Distribution Distribution

Design No

o based on based on force
scheme distribution o )
geometry position transferring route

Rib_1/mm 7.38 3.95
Rib_2/mm 6.8 7.3
Rib_3/mm 7.19 7.65

. 7.84
Rib_4/mm 7.22 7.98
Rib_5/mm 3.03 3.16
Rib_6/mm 3.08 3.38
Mass/kg 12.25 9.57 9.49
RMS/nm 14.781 12. 304 12.028
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Fig. 5 Schematic of integrated optimization design
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Table 3 Design variables and design results(unit: mm)

Variable Domain Original Optimized
Face_thickness [3,8] 5 4.01
Side_thickness [3,8] 4 5.52
Hole_thickness [4,10] 6 9.57
Hole_diameter [68,83] 75 80. 25
Trim_height [0,80] 0 79.92
Height [50,100] 60 99. 8
Rib_1 [3.8] 4 3.54
Rib_2 [3,8] 4 7.26
Rib_3 [3,8] 4 7.81
Rib_4 [3,8] 4 7.72
Rib_5 [3,8] 4 3.12
Rib_6 [3.8] 4 4,74
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Fig. 6 Solution process of integrated optimization
design problem
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Table 4 Comparison between traditional structure
and improved design

Parameter PV/nm RMS/nm Mass/kg

Traditional 49, 257 5.123 17.94

Improved 14. 824 3.423 15. 84
Improvement_rate 69.9% 33.2% 11.7%
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Fig. 7 Comparison of surface fitting results of

reflective surface
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