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Wavefront aberration sensitivity and integrated analysis

method for spaceborne camera

Xue Zhipeng, Cong Shanshan, Sun Meijiao, Zhang Lei’, Liu Jinquan, Yu Xin
(Chang Guang Satellite Technology Co., Ltd., Changchun 130102, China)

Abstract: Aiming at a new type of single cantilever main support structure of space camera, both wave
aberration sensitivity model and integrated simulation analysis are proposed to calculate the camera's wave
aberration in the lightweight design of optomechanical structure, so as to ensure the imaging quality under
mechanical conditions. The proposed wave aberration sensitivity method can model based on the linear
relationship between wave aberration and misalignment, which is of great significance to guide the optimal design
of optomechanical structure under the constraint of the camera imaging quality. Firstly, the sensitivity model of
optical element misalignment and wavefront aberration is derived based on the principle of optical system
misalignment. Then, the nodal displacements under mechanical condition are obtained by finite element method,
and the misalignment of primary and secondary mirrors is calculated based on best-fit fitting method. The
wavefront aberration of the camera is obtained by the optical analysis of the misaligned system. Finally, the two
methods proposed in this paper are used for modeling and analysis of a 5 kg level space optical camera, and the

corresponding gravity condition analysis and test are also performed. The error of sensitivity model is 16.8%
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compared with the optomechanical integrated simulation method, and the sensitivity model can be applied to the

rapid calculation of system imaging performance in the design phase.

Key words: micro-nano satellite;

mechanical performance;
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Fig.2 3D model of space camera
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Tab.1 Fitting parameters

Misalignment Sensitive (A/pm; A/(")) Intercept/A
PM-D, 2.67E-03 5.16E-06
PM-D, 2.67E-03 5.16E-06
PM-D, 1.33E-02 5.29E-02
PM-T, 6.35E-03 —3.90E-06
PM-T, 6.35E-03 —3.90E-06
SM-D, 2.84E-03 —1.33E-05
SM-D,, 2.84E-03 —1.33E-05
SM-D, 9.55E-04 2.67E-03
SM-T, 8.75E-04 —1.85E-04
SM-T, 8.75E-04 —1.85E-04
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Fig.5 Finite element model (a) and displacement contour (b)
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Tab.2 Rigid body displacements of primary mirror and secondary mirror

Subassembly Direction D, D, T, T, T,
Misalignment/mm; (") ~2.324E-03 1.233E-06 3.684E-04  —1.63E-06 4.70E-04 2.075E-08
M Wavefront aberration/4 6.20E-03 3.29E-06 4.90E-03 3.73E-05 1.07E-02 0
Misalignment/mm; (") —1.903E-02 —1.415E-04 7.777E-03 3.59E-06 —6.83E-04 8.248E-07
M Wavefront aberration/A 5.40E-02 4.01E-04 —7.38E-03 1.13E-05 —2.15E-03 0
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Fig.6 Optical software analysis results
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Fig.7 Wavefront aberration measurement setup
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Fig.8 Wavefront aberration measurement results of central field of view
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Tab.3 Wavefront aberration measurement results

Direction Positive/i Negative/l Error
Central FOV 0.0531 0.0518 —2.45%
Right FOV 0.0748 0.0814 8.82%
Left FOV 0.0683 0.0694 1.61%
UP FOV 0.06543 0.0639 —2.34%
Down FOV 0.0539 0.0565 4.82%
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