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Optimization design of secondary mirror for near space telescope

Liu Fengchang'?, Li Wei'*', Zhao Weiguo', Wang Kejun', Zhao Haibo', Lin Guanyu'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130031, China;

2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: According to the requirements of high force-thermal stability and high performance of the near space
ball-borne telescope, the design of the secondary mirror assembly was optimized. Although the near-space ball-
borne telescope was not as harsh as the rocket launching mechanical environment, its unique flight process was
affected by temperature changes and acceleration. At the same time, it had a strict quality requirement due to carry
with balloon. Compared with the traditional mirror design method, the method of combining entity optimization
and base structure optimization, integrated optimization was used to design the mirror, and introduced
comprehensive evaluation factors to optimize the overall performance of the secondary mirror. The performance
of the final secondary mirror assembly is good, indicating that the optimization method is effective. Through
finite element simulation analysis, it is obtained that the secondary mirror assembly has a rigid body displacement
of less than 3 pm, a surface accuracy better than A/50 under the condition of gravity and temperature change of
+3 °C. Under 0.02 mm assembly error, the shape accuracy is better than 1 nm. The first-order frequency of the
secondary mirror assembly is 203.8 Hz. The 10 g acceleration stress response (35.4 MPa) is far less than the
material yield stress. Using this method to optimize can obtain high force-thermal stability, high performance
secondary mirror assembly.
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Tab.1 Main technical indicators of secondary mirror assembly
Name RMS Mass Axial displacement Radial displacement
Secondary mirror <50 <2kg <=0.01 <=0.01
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Tab.2 Performance parameters of common materials for secondary mirror

Materials p/kg'm™ E/GPa AW -mK™ ax1079/K™" E/px10~°/m Max10"/m- W™ (Ma)-(Elp)
Zerodur 2530 91 1.64 0.05 36 32.8 1180
Be 1850 287 216 11.4 155 18.9 2939
RB-SiC 3050 330 155 2.5 108 64.6 6977
M40J 1560 145 Designable Designable 93 Designable Designable
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Tab.3 Comparison of two initial structural parameters

Initial structure Mass/kg Maxdisp, Maxdisp, RMS,, /nm Lightweight ratio
Sector 1.66 1.28¢° 7.21€°° 0.658 69%
Right triangle 1.84 1.18¢” 7.43¢ 0.658 66%
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Tab.4 Design variable and optimization results

Varible Domain Initial value Optimum value
jinl [3,6] 4 3
Jin2 [3,6] 4 4.6
jin3 [3,6] 4 43
jin4 [3,6] 4 5.6
jin5 [4,8] 6 6
jingmian [3,6] 4 4.7
RMS,, /nm — 0.65 0.51
Mikg — 1.39 1.52
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Tab.5 Material properties of supporting structure
Materials plkg'm’ E/GPa A/W-mK™! ax1079/K E/px10~°/m Max10"/m- W' (Wa)-(Elp)
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Order  Frequency/Hz Formation

1 203.8 Swing at an angle of 10 ° with the Z axis
2 203.9 Swing at an angle of 10 ° with the X axis
3 3133 Y-direction swing
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