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Optimal design of secondary mirror backplane for large space telescope

CHENG Ming-xing"* | LI Wei'? ,ZHAO Wei-guo' ,ZHAO Hai-bo'
(1. Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences,Changchun 130033, China;
2. University of Chinese Academy of Sciences Materials and Optoelectronics Research Center, Beijing 100049 , China)

Abstract : A parallel mechanism is used as the adjusting mechanism of the secondary mirror for a 2 m magnitude large
off-axis three-mirror space camera. The moving platform of the adjusting mechanism is directly used as a secondary
mirror support board, which increases the structural stiffness and makes the whole machine structure more compact.
Therefore , the backplane is the core part of secondary mirror assembly. The backplane is made of 60SiC/ Al with good
dimensional stability and high specific stiffness. Due to the importance of the backplane as a top and bottom support
it has high requirements for its weight and stiffness,so the topology optimization design is carried out with the stiffness
as the target,and the multi-objective size optimization of the backplane panel and a stiffener is carried out with the
backplane quality and fundamental frequency as the target. The optimized backplane has a mass of 1. 42 kg and a fun-
damental frequency of 954 Hz. Finally,statics and dynamics analysis of the secondary mirror module is carried out.
The results show that the gravity direction displacement and surface RMS values are the largest under the coupling
gravity and 4°C temperature rise conditions ; The maximum displacement is 9. 651 wm and the RMS value of the sur-
face is 7. 535 nm. The first-order natural frequency in the constrained state of the secondary mirror assembly is 115
Hz,which meets the requirements for in-orbit imaging of large space telescopes.
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Tab. 1 Performance parameters of common aerospace materials

3

Material p/(g+em™) E/GPa @/ C A/mW -+ (mm -+ °C) 7! I (E/p) x (M a)
M40J 1.56 145 Designable Designable 0.3 Designable
60 SiC/Al 2.94 213 8.0x10° 230 0.23 2082.9
TC4 4.44 109 8.9x10°° 6.8 0.34 18.7
4]32 8.1 141 0.65x10°° 13.9 0.25 372.3
LC4 2.85 68 21.4x107° 155 0.33 172. 8
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Fig. 1 Schematic diagram of secondary mirror adjustment mechanism
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Fig. 2 Interface of backplane and other components
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Fig. 3 Finite element model of initial structure of backplane
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Fig. 4 Iterative convergence curve
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Fig. 5 Topology optimization results of the backplane
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Fig. 6 Finite element model of DOE analysis
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Fig. 7 Effect of backplane stiffeners and panel sizes on face shape
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Fig. 8 Dimension optimization variables
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Tab. 2 Design variables and optimization results

Variable | Range/mm | Initial value/mm | Optimization result/mm
X, [3,5] 3 3
X, [4,6] 5 6
X3 [3,5] 3 4.9
X, [3,5] 3 5
X; [2,3] 2.5 2
Xs [3.5] 3 5
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Fig. 12 Finite element model of secondary mirror component
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Tab. 3 Secondary mirror deformation and

surface shape under different loads

Load Displacement/pum RMS/nm
Gy 9.063 3.266
24 °C 4.991 5.237
Gy +24 °C 9.651 7.535
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Tab. 4 First three modal results

Order Frequency/Hz Formation
1 115 Swing around X axis
2 152 Swing around Z axis
3 164 Swing around Y axis
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Fig. 14 The first natural mode of the secondary mirror assembly
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