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Lightweight and optimization design of rectangular reflective

mirror supported in centre

Bao Qihong'?, Sha Wei', Chen Changzheng', Ren Jianyue'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A lightweight and optimization design method for a medium aperture rectangular mirror
supported in centre was proposed to meet the requirement of designing lighter and better satellite cameras.
By choosing the method of rear support in centre by single point, the mass of both mirror and
subassembly was decreased and the design of the support structure was simplified. By using multi-
objective optimization design, the surface figure accuracy under the load case of gravity in Z-direction
was improved. A flexible support structure dedicated to the mirror supported in centre was designed to
overcome its shortcomings of low stiffness and low dynamic reliability. The integrated performance of the

mirror was simulated and compared with that of the mirror mounted via rear three points. It shows that
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the mirror supported in centre has a lighter mass of 3.36 kg and the lightweight ratio is 87% compared

with the solid mirror, and that the mass of the mirror subassembly is decreased 24% of the one supported

by three points. The surface figure accuracy RMS of the mirror reaches respectively 2.2, 2.1 and 7.5 nm

when gravity load is applied in the directions of X, Y and Z axes, which is better than that of the one

supported by three points. Furthermore, the RMS is 2.8 nm when the mirror subassembly is under the

load condition of uniform temperature rise of 4 C, which is far less than the requirement of RMS <12 nm.

Otherwise, the first order natural frequency of the mirror subassembly is 135 Hz, and the maximum rigid

body displacement is 3.96 pm. The proposed design method not only reduces the mass of the mirror with

its support structure extremely, but also ensures the surface figure accuracy of the mirror and the dynamic

and static rigid of the mirror subassembly requirement, provides a new approach to lightweight and

optimization design for the same type space mirrors.
Key words: rectangular reflective mirror; support in centre;

flexible support structure; contrastive analysis

multi-objective optimization;
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Tab.1 Performance and quality factors of rational 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 a/K~' 2.4x107° 2.6x107° 11.4%x107° 0.05x107° 22.5%107° 0.5x107°
E/p/m 125%107° 56.2x107° 155%107° 36x107° 25.2x107° 32.9%x10°°
Ma/m-W™! 64.6x107° 52.7x107° 18.9%107° 32.8x107° 7.42x107° 2.8x10™°

(Ma)-(Elp) 8073 2962 2939 1180 187 92
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Fig.1 Original structure of reflective mirror
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Tab.2 Design variables and optimization results
NLNZ NS ’ N2 Variable Value/mm Variable Value/mm
2 0, ° Ft 4 R4 2
Ht 5 R5 4
N4(x4,y4,24) 5 3 R6 9
Rl 5 H 57
R2 2 z1(6y) 20(29(°))
R3 3 22(6,) 31(12(°))
Mass 3.27kg RMS_Y 1.5 nm
RMS_X 2.8 nm RMS_Z 4.1 nm
3
3 3.1
Fig.3 Schematic of changing angle variable to coordinate variable ,
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Fig.4 Flexible support structure
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Fig.5 FEM model of reflective mirror subassembly

3
Tab.3 Comparison of the results of simulation
M f - First ord
Design Mass of Light- ass o X Y z T st order
. . . . subassembly frequency
indexes  mirror/kg  weight ratio /kg AX/pm  RMS/nm  AY/pm RMS/nm AZ/pm  RMS/nm  RMS/nm /Hz
Centre 3.36 87% 5.91 3.96 2.2 2.05 2.1 2.41 7.5 2.8 135
Three-point 4.16 383% 7.75 6.76 8.5 4.65 2.7 2.32 9.7 0.9 170
3.3
A} N ’ o
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Fig.6 Frequency response curves of acceleration
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