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Design of support structure for deep space detection

remote sensing camera

Ma Cong'?, Li Wei', Zhang Yuanqing', Li Xiaobo', An Mingxin'?

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130031, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The support structure is a key component for connecting satellites and cameras to provide
protection and space application requirements for cameras during launch and on-orbit surround stages. The
vibration load of the deep space probe is 13 g (that of the earth exploration satellite is 8 -9 g). The
supporting structure should overcome the damage of the camera structure caused by the violent vibration
and the thermal stability of the optical system, which has high design difficulty. In this paper, two
different support forms of rigid foot and slider foot were designed by analyzing the structural
characteristics of different support forms. The two kinds of support forms were designed from the balance
of stiffness and thermal stability. The "A rigid foot+two flat foot" program was eventually adopted. The
first-order frequency of the support structure is 58 Hz, which is much higher than that of the satellite base

frequency. The simulation results show that the deflection angle of the primary mirror is 3.66", the
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maximum angle change of second mirror and third mirror relative to primary mirror is 7.85". They all

meet the design requirements. Vibration and imaging tests show that the camera is working properly.
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Fig.1 Schematic diagram of three support feet
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Fig.2 Typical flexible hinge structure
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Fig.3 Schematic diagram of translational motion support structure
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Tab.1 Mechanical and thermal properties of structural materials index

Material Code p/t-mm™ E/MPa a/C 0,/MPa AMmW - (mm - C)™! n
Titanium alloy TC4 4.44%x107° 109 000 8.9x107° 877.1 6.8 0.34
Carbon fiber T800 1.6x107° 70 000 - - 2 0.28
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Fig.4 Rigid support structure
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Fig.5 Translational motion support structure
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Fig.6 Light weight design of support structure
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Fig.7 Support structure layout diagram
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Fig.8 Camera and support structure finite element model
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Fig.9 Base frequency model of the camera in the Z direction
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Tab.2 Modal analysis and vibration test results

Base frequency/Hz

Vibration direction

Simulation results Test results

X 64.2 58.2
Y 196 214.8
V4 65.6 61.7
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Tab.3 Frequency response simulation analysis

results

Sine vibration Random vibration

Vibration Max Max PSD Root mean
direction  jcceleration . X square .
Multiple response Multiple
response/g Jo? Hz-! ACC
g response/g
X 9.76 5.22 5.527 10.78 3.88
Y 7.86 2.36 24.24 21.48 8.06
VA 10.17 7.65 1.783 7.06 4.40
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Fig.10 Thermal stability analysis results
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Tab.4 Thermal stability analysis results

Angle change/(")

0 A6

Primary mirror 3.60 0
Secondary mirror 11.51 7.85
Third mirror 0.68 -2.98
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Fig.11 Vibration test
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Fig.12 Translational motion support structure experimental photograph
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