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Design and Analysis of All Aluminum Alloy Optical Mechanical Structure of
Space Cameras
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Improving the temperature adaptability of optical mechanical structures is of great significance for
space cameras to improve thermal control and stability of the system. Using a uniform material structure to
eliminate thermal variation in the system, the optical and mechanical structure of a space camera in the visible
light band is designed with aluminum alloy materials. Under actual working conditions, a uniform temperature
of 20°C+15°C was attained. Modulation transfer function (MTF) is greater than 0.3 at 71.4 Ip/mm when the
image changes in a different direction to gravity. The typical material matching schemes are comparatively
analyzed. The stability of the all-aluminum structure under identical working conditions is far superior to that
of structures using different materials, which verifies the effectiveness of the optical and mechanical structure
of the unified material in terms of temperature adaptability.
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Table 1 Material properties of all aluminum structure plan
) Density/ Thermal conductivity/  Coefficient of thermal expansion/ ) ]
Material Young's modulus/GPa . i Poisson's ratio
(g-em™) (W-m™."C1) (1076.°C1)
Al6061 2.7 71 154.3 22.4 0.25
HKIL 2.51 82 1.1 7.1 0.21

K5 —Hibmaeaman
Fig.5 Integrated aluminum alloy primary mirror structure
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Fig.6 Overall optical and mechanical structure
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Table 2 Comparative analysis under different working conditions

Temperature Load +15C +15C +15C +15C
Working
o Gravity Load Axial Radial Axial Radial
condition
Constraints Free Fixed Fixed Fixed Fixed Fixed
Ax/mm 4.75e-5 —4.08e-5 —5.62e-7 5.25¢-5 —4.32e-5 6.61e—6
Ay/mm 4.74e-5 4.98e-5 6.25¢—6 —5.59¢-4  7.92e-5 —4.86e-4
Resul Az/mm -3.09¢-2  —3.09¢-2 —2.15¢-4 5.88¢-7 —3.10e-2 —3.08¢-2
esults
M1 surface RMS/nm  3.178 23.955 4.103 8.024 25.028 27.576
M2 surface RMS/nm  1.983 1.964 0.592 0.053 2.108 1.984
MTF min 0.463 0.327 0.451 0.436 0.326 0.303
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Table 3  Variation of system parameters in gradient temperature field

AT/C 5 6 7 8 9

Main mirror surface change RMS/nm 18.490 22.144 25.835 29.526 33.215
Secondary mirror surface change RMS/nm 1.246 1.508 1.757 2.010 2.259
MTF min 0.378 0.345 0.308 0.269 0.228
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Fig.7 Gradient temperature distribution
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Fig.8 Structure of the comparison plans
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Fig.9 SiC primary mirror
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Table 4 Two material matching methods of the comparison scheme

Plans Reflector Lens Supporting structure Connector Weight/kg
Plan 1 SiC HK9L SiCp/AL-HTS Invar 1.85
Plan 2 SiC HKO9L ZTC4 Invar 2.36
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Table 5 Material properties in comparison scheme
Material Density/ Young's Thermal conductivity/ Coefficient of thermal expansion/ Poisson's
ateria
(geem™)  modulus/GPa (W-m™-"C-1) (107°6-C1 ratio
Invar 8.1 141 13.9 0.05-7.5 0.25
SiC 3.05 33. 185 2.5 0.2
SiCp/AL-HT8 2.94 180 190 8 0.23
ZTC4 4.44 114 8.8 8.9 0.29
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Fig.10 MTF curves of SiCp/AL-HT8 support structure Fig.11 MTF curves of TC4 support structure
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